The  University  Library 
Leeds 


The  Library  of  the 
School  of  Dentistry 


LEEDS  UNIVERSITY  LIBRARY 

Classmark: 

Special  Collections 

Health  Sciences  Historical  Collection 


Dental 


QUA 


30106016125816 


X 


% 


- • 


STACK 


l 


QU AIN’S  ANATOMY. 


QU  AIN’S 


ELEMENTS  OF  ANATOMY 


(»r%btb  (tYition. 


EDITED  BY 


WILLIAM  SHARPEY,  M.D.,  LL.D.,  F.R.S.  L.  & E., 

EMERITUS  PROFESSOR  OF  ANATOMY  AND  PHYSIOLOGY  IN  UNIVERSITY  COLLEGE,  LONDON 

ALLEN  THOMSON,  M.D.,  LL.D.,  F.R.S.  L.  & E., 

PROFESSOR  OF  ANATOMY  IN  THE  UNIVERSITY  OF  GLASGOW 

AND 

EDWARD  ALBERT  SCHAFER 

ASSISTANT  PROFESSOR  OF  PHYSIOLOGY  IN  UNIVERSITY  COLLEGE,  LONDON 


IN  TWO  VOLUMES. 

ILLUSTRATED-  BY  UPWARDS  OF  950  ENGRAVINGS  ON  WOOD. 


VOL.  II. 


LONDON: 

LONGMANS,  GREEN,  AND  CO. 


1S7G. 


LONDON  : 

BRADBURY,  AG  NEW,  & CO.,  PRINTERS,  WHITEPRIARS. 


CONTENTS 


GENERAL  ANATOMY. 


l’AGE 


General  Considerations  on  the 
Textures  .... 
Enumeration  of  the  Textures 
Organic  Systems 
Structural  Elements 
Physical  Properties  . 

Chemical  Composition  . . . 

Vital  Properties 

Development  oe  the  Textures 
The  Vegetable  Cell  . 

The  Animal  Cell  . . • • 

Nutrition  and  Regeneration  of 
the  Textures  .... 

Tiie  Blood 

Physical  and  Organic  Constitu- 
tion ..... 
Chemical  Composition  . . . 

Coagulation  of  the  Blood  . 

The  Lymph  and  Chyle  . ._ 

Formation  of  the  Corpuscles  of 

the  Lymph  and  Chyle  . 
Formation  of  the  Blood-Cor- 
puscles   

Epithelial,  Epidermic,  or  Cu- 
ticular  Tissue  . 

Ciliated  Epithelium 

Pigment 

Connective  Tissue  . . . 

The  Areolar  Tissue  . 

Adipose  Tissue  . . . . 

Fibrous  Tissue  .... 
Yellow  or  Elastic  Tissue  . . 

Special  Varieties  of  Connective 

Tissue 

Development  of  the  Connective 
Tissue  . . . . . 

Cartilage 

Hyaline  Cartilage . . . . 

Elastic  or  Yellow  Cartilage 
White  Fibro-Cartilage  . . . 

Bone  or  Osseous  Tissue  . 
Physical  Properties  . . . 

Chemical  Composition 
Structure  . . . . . 

Periosteum  . 

Marrow 


i 

i 

1 

2 
2 

•5 

A 

4 
6 

7 

5 

16 

iS 

iS 

25 

34 

37 


40 


40 

42 

46 

51 

52 

53 
59 

63 

66 

6S 


70 

72 

72 

78 

78 

79 
So 

50 

51 
9i 
9i 


PAGE 


Blood-Vessels,  &c.  . . 92 

Formation  and  Growth  of  Bone.  94 
Ossification  in  Membrane  . . 94 

Ossification  in  Cartilage  . 97 

Growth  and  Absorption  of 

Bone 103 

Muscular  Tissue  . . . 107 

Structure  of  Voluntary  Muscles.  10S 

Sheath i°S 

Fasciculi  . . . .109 

Fibres m 

Blood-Vessels,  &c.  . .116 

Involuntary  Muscles  . . . 11S 

Development  and  Growth  of 

Muscle 120 

Composition  and  Properties  of 
Muscular  Tissue  . . . 12 1 

Nervous  System  . . .125 

Structural  Elements  . . . 126 

White  or  Medullated  Fibres  . 126 

Grey  Fibres  . . . . 131 

Ganglia 136 

The  Cerebro-Spinal  Nerves  . 140 

The  Sympathetic  or  Ganglionic 

Nerves 156 

Chemical  Composition  . 1 59 

Vital  Properties  . .'  . . 160 

Development  of  Nerves  . . 161 

Blood-Vessels  . . . . 163 

Arteries 164 

Veins I72 

Smaller  Arteries  and  Veins  and 
Capillaries  . . . . 1 75 

Development  of  Blood-Vessels  . 180 

Lymphatic  System  . . . 1S3 

Lymphatic  Glands  . . 191 

Serous  Membranes  . . . 196 

Synovial  Membranes  . . 200 

Mucous  Membranes  . . . 204 

The  Skin  . . . . . 211 

Epidermis,  Cuticle,  or  Scarf  Skin  2 1 1 
Coriurn  ...  . . 213 

Nails  and  Hairs  . . .217 

Glands  of  the  Skin  . , . 226 

Secreting  Glands  . . .231 

Ductless  or  Vascular  Glands.  23S 


VI 


CONTENTS, 


SPECIAL  ANATOMY  OF  THE  VISCERA. 


The  Thoracic  Viscera. 

The  Pericardium 
The  Heart  . 

Position  of  the  Parts  of  the  H ear 
with  Relation  to  the  Wall  o 
the  Thorax 
Intimate  Structure  of  the  Heart 
Dimensions  and  Weight  of  tli 
Heart 

Organs  of  Respiration 
The  Trachea  and  Bronchi 
Structure 

The  Lungs  and  Pleurre  . 


The  Pleurae 
The  Lungs 


the  Lung 


Root  of 
Structure 

The  Larynx  or  Organ  of  Voice 
Cartilages  of  the  Larynx 
Ligaments  and  Joints 
Interior  of  the  Larynx  . 
Muscles  of  the  Larynx  . 
Mucous  Membrane  and  Glam 
Vessels  and  Nerves 
Formation  and  Growth  of  tl 
Larynx 

Ductless  Glands  of  the  La 
rynx  and  Trachea  . 

The  Thyroid  Body 
The  Thymus  Gland  . 

Organs  of  Digestion  . 

The  Mouth 

The  Teeth  .... 
General  Characters 
Structure  .... 
Formation  of  the  Teeth. 


Secondary  Dentine. 

. 

3H  ! 

The  Tongue 

325 

Mucous  Membrane  . 

. 

325  | 

Muscular  Substance  . . 

331 

The  Palate  . 

. 

333  ; 

The.  Tonsils 

335  : 

The  Salivary  Glands 

. 

335 

Parotid  Gland 

335 

Submaxillary  Gland  . 

. 

337 

Sublingual  gland  . 

Structure  of  tlie  Salivary 

338 

Glands  . 

. 

339 

The  Pharynx  . 

34i 

The  CEsophagus  . 

. 

343 

he  Abdominal  Viscera  . 

346 

The  Abdomen 

• 

346 

'fhe  Peritoneum 

348 

The  Stomach 

• • 

349 

Structure  ....  350 

The  Small  Intestine  . • • 356 

Structure  . . • • 358 

Special  Characters  and  Connec- 
tions of  the  Different  Parts  of 
the  Small  Intestine  . . . 3*^9 


PAGE 

239 

239 

242 


253 

255 

262 

263 
263 
266 
268 

268 

269 

273 

273 

280 

280 

283 

285 

288 

293 

294 

294 

295 
295 
297 

3°° 

3°° 

301 

301 

3°6 

3r3 


The  Large  Intestine  . 

Structure 

Special  Characters  and  Con- 
nections of  the  Different 
Parts  of  the  Large  Intestine 
The  Anus  and  its  Muscles 

The  Liver 

Structure  .... 
The  Pancreas  . . . • 

The  Spleen  .... 

Structure 

The  Urinary  Organs 

Kidneys  

Suprarenal  Bodies 

The  Ureters.  . . • • 

The  Urinary  Bladder. 

Structure 

The  Urethra  .... 
Reproductive  Organs  in  the 

Male 

The  Prostate  Gland  . 

The  Penis  . . • • • 

Corpora  Cavernosa 
Corpus  Spongiosum  . . . 

Urethra  of  the  Male  . 

Testicles  and  Accessory  Struc- 
tures . . • • 

Coverings  of  the  Testis  and 

Cord 

The  Testicles 
Vas  Deferens  . 

Seminal  Vessels  and  Ejacula- 
tory Ducts  . . • • 

Vessels  and  Nerves  of  the 

Testis 

Reproductive  Organs  in  the 
Female 

• The  Vulva  . 

The  Female  Urethra 
The  Vagina 
The  Uterus  . 

Fallopian  Tubes 
The  Ovaries  . 

Structure 

The  Peritoneum  . 

Mammary  Glands 
Structure  . • 

The  Cerebro-Spinal  Axis 
Spinal  Cord  . 

External  Form 
Internal  Structure 
Minute  Structure  . 

The  Encephalon  . 

The  Medulla  Oblongata 
The  Pons  Varolii  . 

Internal  Structure . 

The  Cerebellum  . 

Internal  Structure . 

Minute  Structure  . . 

The  Cerebrum  . 


■age 

37i 

37i 


374 

379 

380 
386 
394 

397 

398 
402 
402 
4i3 
4i7 
419 

423 

427 

427 

427 

43° 

43i 

435 

436 

440 

440 

445 

450 

45 1 
453 


456 

459 

460 
462 

470 

471 

472 
481 
4S6 
4S6 
4S9 
489 
489 
494 
497 

502 

503 
51 1 
51 1 
5L5 

51S 

520 

522 


CONTEXTS. 


PAGE  ( 

Exterior  of  the  Cerebrum  . . 522 

Internal  or  Median  and  len- 
torial  Surface.  • • • 53 1 

Base  of  the  Cerebrum  . . 53 3 ; 

Internal  Parts  of  the  Cerebrum  537  i 
Internal  Structure  of  the  Cere- 
brum ....  553 

White  Matter  . 553 

Grey  Matter  . . -55^ 

Meynert’s  Terminology  . 564 

Origin  of  the  Cranial  Nerves  . 565 

Membranes  of  the  Brain  and 

Spinal  Cord  . . . • . 569 

The  Dura  Mater  . . . 569 

The  Pia  Mater  . . . . 57 1 

The  Arachnoid  Membrane  . 572 

Blood-Vessels  of  the  Brain  and 

Spinal  Cord  . . . 576 

Blood-Supply  of  the  Brain  . 576 

Size  and  Weight  of  the  Enceph- 
alon   577 

Weight  of  the  Spinal  Cord  . 582 

Specific  Gravity  of  the  En- 
cephalon . . . . 5S2 

Or.GANS  OF  THE  SENSES  . . 583 

The  Eye 583 

The  Eyelids  and  Conjunctiva  . 583 

The  Lachrymal  Apparatus.  . 587 

The  Globe  of  the  Eye  . . 588 

The  Sclerotic  Coat . . . 589 


:s. 

vn 

PAGE 

The  Cornea 

• 592 

The  Choroid  Coat  . 

• 59S 

The  Iris 

. 601 

Retina  or  Nervous  Tunic 

. 605 

The  Vitreous  Body 

. 619 

The  Lens 

. 622 

Aqueous  Humour  and 

its 

Chamber 

. 626 

The  Ear  . 

. 626 

External  Ear . 

. 626 

The  Pinna 

. 626 

The  External  Auditory 
Canal  ....  630 

The  Middle  Ear  or  Tympanum  630 
Small  Bones  of  the  Ear  . . 635 

Ligaments  and  Muscles  of 
the  Tympanum  . . . 637 

The  Lining  Membrane  . 639 

Vessels  and  Nerves  . . 640 

The  Internal  Ear  or  Labyrinth.  641 
The  Osseous  Labyrinth  • . 641 

The  Membranous  Labyrinth  645 
Vestibule  . ...  645 

Semicircular  Canals  . . 646 

Cochlea.  . . . . 651 

Organ  of  Corti  . . . 657 

The  Nose 664 

Cartilages  of  the  Nose  . . 665 

Nasal  Fossae  . . . . 667 

Mucous  Membrane.  . . 66S 


EMBRYOLOGY;  OR,  DEVELOPMENT  OF  THE  FOETUS  AND 


ITS  ORG 


The  Ovum  : its  Maturation,  Fe- 
cundation, and  Segmenta- 
tion : Formation  of  the 
Blastoderm  .... 
The  Mature  Ovarian  Ovum  . 
Distinction  of  the  Germ  . 
Disappearance  of  the  Germinal 
Vesicle  . . ... 

Fecundation  .... 
Segmentation  of  the  Yolk  . . 

In  the  Mammal's  Ovum  . 

In  the  Bird’s  Ovum  . 

The  Blastoderm  : its  Struc- 
ture and  Relation  to  the 
Development  of  the  Em- 
bryo   

Position  and  Extent 
Trilaminar  Structure 
Relation  of  the  Layers  to  De- 
velopment 

Discovery  of  the  Blastodermic 
Elements 

Short  Outline  of  the  more 
General  Phenomena  of 
Development  of  the  Ovum 
Distinction  of  Embryonic  and 
Peripheral  Phenomena  . . 


673  1 

673 
6 73 

674 

675  I 

676  , 
67S 
679 


681 

681 

683 

6S3 

685 


6S9 

6S9 


ANS. 

Intra-Embryonic  Ph knomena 
of  Development 
Axial  Rudiment  of  the  Em- 
^ bryo  : Cerebro-Spinal  Axis . 
The  Notochord  . . . . 

Protovertebrae 

Pleural  Cleavage  of  the  Lateral 
Parts  of  the  Mesoblast  . . 

Inflection  of  the  Walls  of  the 
Body  of  the  Embryo  . 

The  Cerebro-Spinal"  Nervous 

Centre 

The  Nerves  . 

Organs  of  the  Senses 
Vascular  System  . . . 

Alimentary  Canal  . . . 

Reproductive  and  Urinary 
Organs  . . . . \ 

The  Limbs  . . . . 

Extra-Embryonic  Phenomena 
of  Development.  . . 
Fcetal  Membranes  . 

The  Yolk-Sac  . . . . 

The  Amnion  . . . 

The  Allantois  : Urinary  Vesicle 
The  Chorion  . . .. 

Villi  of  the  Chorion 


691 

691 

692 

693 

693 

694 

695 

695 

695 

696 
69S 

699 

659 

700 
700 
700 

703 

704 
706 
709 


vm 


CONTENTS. 


PAGE 

Endochorion  or  Vascular  Layer 
of  the  Allantois  . . . 7°9 

UTEROGESTATION : PlACENTATION  7 1 0 


Incapsulation  of  the  Ovum  in 


the  Decidua 

710 

Earliest  Observed  Human  Ova 

710 

Formation  of  Decidua 

7ii 

Structure  of  the  Placenta  . 

718 

Circulation  of  Blood  in  the 

Placenta  .... 

719 

Further  Consideration  of  the 
Structure  of  the  Placenta  . 721 

General  Conclusion  . • 723 

Separation  at  Birth  and  Resto- 
ration of  the  Mucous  Mem- 
brane of  the  Uterus  . . 724 

Development  of  Particular 

Organs  and  Systems  . . 725 

The  Skeleton  and  Organs  of 

Voluntary  Motion  . . 725 

V ertebral Column  and  Trunk  725 
Segmentation  of  the  Proto- 

vertebrse  . . 72^ 

Formation  of  Vertebral 

Matrices . . - 73° 

The  Head 73 1 

The  Cranium  . . • 732 

The  Cranial  Flexures  . . 733 

Formation  of  the  Mouth  and 

Hypophysis  Cerebri  . 734 

Subcranial,  Facial,  or  Pha- 
ryngeal Plates  or  Arches  . 738 

Relations  of  Cranial  Nerves.  740 
Origin  and  Formation  of  the 
Limbs  . • • 742 

Development  of  the  Muscles  . 744 

Formation  of  the  Joints  . . 745 

Development  of  the  Organs 

of  the  Nervous  System  . 746 

The  Spinal  Marrow  . ■ 746 

The  Brain  or  Encephalon  . . 750 

General  Phenomena  of  De- 
velopment in  Birds  and 
Mammals  . • -75° 

Farther  Development  of  the 
Brain  in  Man  and  Mam- 
mals, • 755 

Development  of  the  Nerves  . 760 

Development  of  the  Eye  . . 762 

Development  of  the  Nose  . . 772 

Development  of  the  Alimen- 
tary Canal  and  Organs 
arising  from  the  Hypo- 
blast . • • • 774 

Alimentary  Canal  . . -774 

The  Liver 779 

The  Pancreas.  • • • 7bl 

The  Spleen,  Lymphatic 
Glands,  Thymus  and  Thy- 
roid  Glands  . • • • /02 


PAGE 

Development  of  the  Lungs 

and  Trachea  . . . 782 

Pleurae 783 

Pulmonary  Vessels  . . . 783 

Development  of  the  Heart 

and  Blood-Vessels  . . 784 

Development  of  the  Heart  . 784 

Origin  of  the  Heart  . . 784 

Division  into  single  Auricle, 
Ventricle,  and  Arterial 
Bulb  . . ...  787 

Division  of  the  Cavities  : 
Ventricles  . . • 7^7 

Division  of  the  Auricles  . . 788 

Division  of  the  Arterial  Bulb  789 
Formation  of  the  Valves  . 791 

Development  of  the  Blood- 

Vessels  . • • • 791 

The  Principal  Arteries  : the 
Aorta  . . • • 79 1 

Aortic  or  Branchial  Arches.  793 
Development  of  the  Great 
Veins  . ...  • 79^ 

Peculiarities  of  the  Foetal  Or- 
gans of  Circulation  . . 799 

Course  of  the  Blood  in  the 
Foetus  . . • • 802 

Changes  in  the  Circulation  at 

Birth  ....  803 

Development  of  the  Genital 

and  Urinary  Organs  . . 804 

Primary  Formation  of  the  Uro- 

Genital  System  . . 804 

Wolffian  Bodies  . . . 804 

First  Origin  of  the  Wolffian 
Bodies  . 806 

Homologies  of  the  Wolffian 

Body 809 

The  External  Organs  . . 81 1 

Further  History  of  the  Deve- 
lopmentof  the  Uro-Genital 
Organs  . • . . 812 

The  Urinary  Bladder  and 
Urachus . . • -813 

Genital  Cord  . . • • 8 14 

Reproductive  Organs  . • 8 14 

Reproductive  Glands  . • 814 

The  Testicle  . . *•  815 

The  Ovary  . • • • «6 

The  Genital  Passages  . . 818 

The  Female  Passages  . . 819 

The  Male  Passages . . • 82 1 

The  Descent  of  the  Testicles  S23 
Type  of  Development  and  Ab- 
normal Forms  of  the  Genital 
Organs  . • • • ^25 

Table  of  Corresponding  Parts  ot 
Genito-Urinary  Organs,  and 
their  Relation  to  Formative 
Rudiments  . . • • °2t} 


Index  to 


Volume  II.  • 


. 827 


GENERAL  ANATOMY. 


GENERAL  CONSIDERATIONS  ON  THE  TEXTURES. 

% 

Enumeration  of  the  Textures. — The  human  body  consists  of. 
solids  and  fluids.  Only  the  solid  parts  can  be  reckoned  as  textures, 
properly  so  called ; still,  as  some  of  the  fluids,  viz.  the  blood,  chyle, 
and  lymph,  contain  in  suspension  solid  organised  corpuscles  of  deter- 
minate form  and  organic  properties,  and  are  not  mere  products  or 
secretions  of  a particular  organ,  or  confined  to  a particular  part,  the 
corpuscles  of  these  fluids,  though  not  coherent  textures,  are  to  he 
looked  upon  as  organised  constituents  of  the  body,  and  as  such  may 
not  improperly  be  considered  along  with  the  solid  tissues.  In  con- 
formity with  this  view  the  textures  and  other  organised  constituents  of 
the  frame  may  be  enumerated  as  follows  : — 

The  blood,  chyle,  and  lymph. 

Epithelial  tissue,  including  epithelium,  cuticle,  nails,  and  hairs. 

Pigment. 

Connective  tissue,  viz. 

Areolar  tissue. 

Adipose  tissue. 

Fibrous  tissue. 

Elastic  tissue. 

Cartilage  and  its  varieties. 

Bone  or  osseous  tissue. 

Muscle. 

Nerve. 

Blood-vessels. 

Lymphatic  vessels  and  glands. 

Serous  and  synovial  membranes. 

Mucous  membrane. 

Skin. 

Secreting  glands. 

Vascular  or  ductless  glands. 

Organic  Systems. — Every  texture  taken  as  a whole  was  viewed  by 
Lichat  as  constituting  a peculiar  system,  presenting  throughout  its 
wnoie  extent  m the  body  characters  either  the  same,  or  modified  only 
o ar  as  its  local  connections  and  uses  render  necessary ; he  accordingly 
se^  e teim  “ organic  systems  ” to  designate  the  textures  taken  in 

18  point  of  view,  and  the  term  was  very  generally  employed  by 
uecee  mg  writers.  Of  the  tissues  or  organic  systems  enumerated, 
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some  are  found  in  nearly  every  organ  ; such  is  the  case  with  the  con- 
nective tissue,  which  serves  as  a binding  material  to  hold  together  the 
other  tissues  which  go  to  form  an  organ ; the  vessels,  which  convey 
fluids  for  the  nutrition  of  the  other  textures,  and  the  nerves,  which 
establish  a mutual  dependence  among  different  organs,  imparting  to 
them  sensibility,  and  governing  their  movements.  These  were  named 
by  Bichat  the  “ general  systems.”  Others  again,  as  the  cartilaginous 
and  osseous,  being  confined  to  a limited  number  or  to  a particular  class 
of  organs,  he  named  “particular  systems.”  Lastly,  there  are  some 
tissues  of  such  limited  occurrence  that  it  has  appeared  more  convenient 
to  leave  them  out  of  the  general  enumeration  altogether,  and  to  defer 
the  consideration  of  them  until  the  particular  organs  in  which  they 
are  found  come  to  be  treated  of.  Accordingly,  the  tissues  peculiar  to 
the  crystalline  lens,  the  teeth,  and  some  other  parts,  though  equally 
independent  textures  with  those  above  enumerated,  are  for  the  reason 
assigned  not  to  be  described  in  this  part  of  the  work.  , 

Structural  Elements.— It  is  further  to  be  observed,  that  the 
anatomical  constituents  of  the  body  above  enumerated  are  by  no  means 
to  be  regarded  as  simple  structural  elements ; on  the  contrary,  many  ol 
them  are  complex  in  constitution,  being  made  up  of  several  more 
simple  tissues.  The  blood-vessels,  for  instance,  are  composed  of  several 
coats  of  different  structure,  and  some  of  these  coats  consist  of  moie 
than  one  tissue.  They  are  properly  rather  organs  than  textures,  although 
thev  are  here  included  with  the  latter  in  order  that  their  genera 
structure  and  properties  maybe  considered  apart  from  their  local  distri- 
bution ; but  indeed  it  may  be  remarked,  that  the  distinction  between 
textures  and  organs  has  not  in  general  been  strictly  attended  to  by 
anatomists.  The  same  remark  applies  to  mucous  membrane  and  tne 
tissue  of  the  glands,  which  structures,  as  commonly  underst ooc l,  a 
highly  complex.  Were  we  to  separate  every  tissue  into  th® 
parts  which  possess  assignable  form,  we  should  resolve  the  whole  into 
a very  few  constructive  elements. 

PHYSICAL  PROPERTIES. 

The  animal  tissues,  like  other  forms  of  matter,  are  endowed  with 
various  physical  properties,  such  as  consistency  density  colour  and 
the  like.  Of  these  the  most  interesting  to  the  physiologist  is  the  pro 
perty  of  imbibing  fluids,  and  of  permitting  fluids  to  pass  t irou  h 
substance,  which  is  essentially  connected  with  some  of  the  most  m 
portant  phenomena  that  occur  in  the  living  body,  and 
be  indispensable  for  the  maintenance  and  manifestation  ol  me. 

All  the  soft  tissues  contain  water,  some  of  them  more  than 
weight ; this  they  lose  by  drying,  and  with  it  their  softness  an  - ^ ’ but 

so  shrink  up  into  smaller  bulk  and  become  hard,  buttle,  an  • _ -P  ’ 

when  the  dried  tissue  is  placed  in  contact  with  water,  it  giee  _ 
jSd  again,  and  recovers  its  former  size,  weight  and 
The  imbibed  water  is  no  doubt  partly  contained  mechanically  m 
2e Ssue,  and  retained  there  by  capillary  attraction,  like  water  in  ^ 

Sone  or  other  inorganic  porous  substances  ; procj. 

Of  imbibition  by  an  animal  tissue  is  not  to  be  ^bed  to  mere  1 ^ q£  the 

fluid  is  not  merely  lodged  between  the  fibres  01  ln™“  > . , th  inatter  which 

.texture  ; a part,  probably  the  chief  part,  is  incorporated  with  the  maw 
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forms  the  tissue,  and  is  in  a state  of  union  with  it,  more  intimate  than  could 
well  be  ascribed  to  the  mere  inclusion  of  a fluid  in  the  pores  of  another 
■substance.  Be  this  as  it  may,  it  is  clear  that  the  tissues,  even  in  their  inmost 
substance,  are  permeable  to  fluids,  and  this  property  is  indeed  necessary,  not  only 
to  maintain  their  due  softness,  pliancy,  elasticity,  and  other  mechanical  qualities, 
but  also  to  allow  matters  to  be  conveyed  into  and  out  of  their  substance  in  the 
process  of  nutrition. 


CHEMICAL  COMPOSITION. 

Ultimate  Constituents. — The  human  body  is  capable  of  being 
resolved  by  ultimate  analysis  into  chemical  elements,  or  simple  consti- 
tuents, not  differing  in  nature  from  those  which  compose  mineral 
substances.  Of  the  chemical  elements  known  to  exist  in  nature,  the 
following  have  been  discovered  in  the  human  body,  though  it  must  be 
remarked,  that  some  of  them  occur  only  in  exceedingly  minute  quan- 
tity, if  indeed  they  be  constant  : oxygen,  hydrogen,  carbon,  nitrogen, 
phosphorus,  sulphur,  chlorine,  fluorine,  potassium,  sodium,  calcium, 
magnesium,  iron,  silicon,  manganese,  aluminium,  copper. 

Proximate  Constituents. — The  ultimate  elements  do  not  directly 
form  the  textures  or  fluids  of  the  body  ; they  first  combine  to  form 
certain  compounds,  and  these  appear  as  the  more  immediate  consti- 
tuents of  the  animal  substance;  at  least  the  animal  tissue  or  fluid 
yields  these  compounds,  and  they  in  their  turn  are  decomposed  into  the 
ultimate  elements.  Of  the  immediate  constituents  some  are  found 
also  in  the  mineral  kingdom,  as  for  example,  water,  chloride  of  sodium 
or  common  salt,  and  carbonate  of  lime ; others,  such  as  albumin,  fibrin, 
and  fat,  are  peculiar  to  organic  bodies,  and  are  accordingly  named  the 
proximate  organic  principles. 

The  animal  proximate  principles  have  the  following  leading  cha- 
racters. They  all  contain  carbon,  oxygen,  and  hydrogen,  and  the 
greater  number  also  nitrogen  ; they  are  all  decomposed  by  a red  heat ; 
and,  excepting  the  fatty  and  acid  principles,  they  are,  for  the  most  part, 
extremely  prone  to  putrefaction,  or  spontaneous  decomposition,  at  least, 
when  in  a moist  state  ; the  chief  products  to  which  their  putrefaction 
gives  rise  being  water,  carbonic  acid,  ammonia,  and  sulphuretted,  phos- 
phuretted,  and  carburetted  hydrogen  gases.  The  immediate  compounds 
obtained  from  the  solids  and  fluids  of  the  human  body  are  the  following. 

I.  Azotisecl  Substances,  or  such  as  contain  nitrogen,  viz.,  albumin, 
blood-fibrin,  myosin,  syntonin,  casein,  globulin,  gelatin,  chondrin, 
salivin,  kreatin,  kreatinin,  pepsin,  mucin,  horny  matter  or  keratin,  pig- 
ment, hmmoglobin,  urea,  uric  acid,  hippuric  acid,  inosinic  acid,  sarkin 
(or  hypoxanthin),  leucin,  tyrosin,  protagon  and  its  components  lecithin 
and  neurin,  azotised  biliary  compounds. 

II.  Substances  destitute  of  Nitrogen,  viz.,  fatty  matters,  glycogen  (or 
animal  starch),  grape  sugar,  sugar  of  milk,  inosit,  lactic,  formic,  and 
oxalic  acids,  certain  principles  of  the  bile. 

Some  of  the  substances  now  enumerated  require  no  further  notice  in 
a woik  devoted  to  anatomy.  Of  the  rest,  the  greater  number  will  be 
-explained,  as  far  as  may  be  necessary  for  our  purpose,  in  treating  of  the 
pai ticular  solids  or  fluids  in  which  they  are  chiefly  found. 

It  has  been  shown  by  Graham,*  that  chemical  substances  may  be  distinguished 
* Liquid  Diffusion  applied  to  Analysis,— Phil.  Trans.,  1861. 
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into  two  classes — the  crystalloid  and  the  colloid — which  differ  in  several  important 
characters.  Crystalloid  bodies,  of  which  water,  most  salts  and  acids,  and  sugar, 
may  be  taken  as  examples,  have  a disposition  to  assume  a crystalline  state  , their 
solutions  are  usually  sapid,  diffluent,  and  free  from  viscosity  ; they  readily  diffuse 
in  liquids,  and  pass  through  moist  organic  membranes  or  artificial  septa  of 
organic  matter,  such  as  parchment-paper.  Colloids, . on  the  other  hand,  are 
characterised  by  low  diffusibility  and  great  indisposition  to  permeate  organic 
septa,  so  that  when  they  are  associated  with  crystalloids,  the  latter  may  be  easily 
separated  by  diffusion  through  a septum  into  another  fluid  ; i.c.,  by  ‘ dialysis 
Colloids  are,  moreover,  generally  tasteless  ; they  have  little  or  no  tendency  to 
crystallize,  and  their  solution,  when  concentrated,  is  always,  in  a certain  degree, 
viscous  or  gummy.  Among  the  colloids  may  be  reckoned  hydrated  silicic  acid, 
and  various  hydrated  metallic  peroxides,  also  albumin,  gelatin,  starch,  gum, 
and  vegetable  and  animal  extractive  matters.  Several  substances  may  exist 
either  in  the  colloid  or  the  crystalloid  condition.  In  point  of  chemical  actmty 
the  crystalloid  appears  to  be  the  more  energetic,  and  the  colloidal  the  more  inert 
form  of  matter  ; but  the  colloids  possess  an  activity  of  their  own,  arising  out  of 
their  physical  properties,  and  especially  their  penetrability,  by  which  they  become 
a medium  for  liquid  diffusion,  like  water  itself.  Another  characteristic  is  their 
tendency  to  change  ; the  solution  of  hydrated  silicic  acid,  for  instance,  cannot 
be  preserved  ; after  a time  it  congeals.  In  this  respect  a liquid  colloid  might 
compared  to  liquid  water  at  a temperature  below  freezing,  or  to  a supersaturated 
saline  solution.  This  dominant  tendency  of  the  particles  of  a colloid  to  cohe  e, 
aggregate,  and  contract,  is  obvious  in  the  gradual  thickening  of  the  liquid  and 
ite^conversion  into  a jelly  ; and  in  the  jelly  itself  the  contraction  still  procee^, 
causing  separation  of  water,  and  division  into  a clot  and  serum.  Their  permea- 
bility to  fluids,  their  ready  capability  of  physical  changes,  and  then-compaiaive 
chemical  inertness,  are  properties  by  which  colloid  bodies  seem  fitted  to  form 
organised  structures,  and  to  take  part  in  the  processes  of  the  living  ^nomy. 
Graham  further  foimd  that  silicic  acid  may  combine  both  in  a dissolved 
andT  a gelatinous  state  with  a variety  of  very  different  Surds  wrthout 
undergoing  alteration;  and  presuming  that  the  organic  colloids  are 
with  similar  wide  powers  of  combination,  he  remarks  that  the  capacity  of 
a mass  of  gelatinous  silicic  acid  to  assume  alcohol,  or  even  olem,  ™tho 
disintegration  or  alteration  of  form,  and  to  yield  it  up  again  m f avoi^  of  some 
other  substituted  fluid,  may  perhaps  afford  a clue  to  the  penetration toi coUo  ^ 
matter  of  animal  membrane  by  fatty  and  other  bodies  insoluble * m ^er  and 
moreover  that  the  existence  of  fluid  compounds  of  silicic  acid  of  a like  nartire 
suggests  the  possibility  of  the  formation  of  a compound  of 'colloid  albumen  wit 

“'tet^rtS 

« Organic  processes  of  the ^animal  Mart 

introduction  of  the  present  notice  of  it , toi  lurtner  mion 
referred  to  the  sources  already  cited. 

VITAL  PROPERTIES  OP  THE  TEXTURES. 

Of  the  phenomena  exhibited  by  living  bodies,  there  are  some j which, 
in  the  present  state  of  knowledge,  cannot  be  refened  to  the  opeia 
Of  any  Of  the  forces  which  manifest  themselves  in  morgan  c nature 
they  are  therefore  ascribed  to  certain  powers,  endoments,  or  pro^U 
which  so  far  as  known,  are  peculiar  to  living  bodies,  ai  . 

SedX  £ « ’ » 

. On  the  Properties  of  Silicic  Acid  and  other  Analogous  Colloidal  Substances,  Pro- 
ceediugs  of  the  Royal  Society,  June  16th,  ISfrt. 
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often  also  employed  to  signify  a single  principle,  force,  or  agent,  which 
has  been  regarded  as  the  common  source  of  all  vital  properties,  and  the 
common  cause  of  all  vital  actions. 

As  ordinary  physical  forces,  such  as  mechanical  motion,  heat,  electricity, 
chemical  action,  and  the  like,  although  differing  from  each  other  in  specific 
character  and  mode  of  operation,  are  nevertheless  shown  to  be  mutually  con- 
vertible and  equivalent,  and  are  held  to  be  but  different  modifications  of  one  and 
the  same  common  force  or  “ energy,”  so  it  may  in  like  manner  come  to  be  shown 
that  vital  action  is  similarly  related  to  the  physical  forces  as  they  are  related  to 
each  other,  and  is  also  a manifestation,  under  conditions  special  to  the  living- 
economy,  of  the  same  common  energy. 


1.  Assiniilatory  Property. — Of  the  vital  properties,  there  is  one 
which  is  universal  in  its  existence  among  organised  beings,  namely,  the 
property,  with  which  all  such  beings  are  endowed,  of  converting  into 
their  own  substance,  or  “ assimilating,”  alimentary  matter.  The  opera- 
tion of  this  power  is  seen  in  the  continual  renovation  of  the  materials 
of  the  body  by  nutrition,  and  in  the  increase  and  extension  of  the 
organised  substance,  which  necessarily  takes  place  in  growth  and  repro- 
duction ; it  manifests  itself,  moreover,  in  individual  textures  as  well  as 
in  the  entire  organism.  It  has  been  called  the  “assimilative  force  or 
property,”  “ organising  force,”  “ plastic  force,”  and  is  known  also  by 
various  other  names.  But  in  reality  the  process  of  assimilation  pro- 
duces two  different  effects  on  the  matter  assimilated  : first,  the  nutrient 
material,  previously  in  a liquid  or  amorphous  condition,  acquires  deter- 
minate form  ; and  secondly,  it  may,  and  commonly  does,  undergo  more 
or  less  change  in  its  chemical  qualities.  Such  being  the  case,  it  seems 
reasonable,  in  the  mean  time,  to  refer  these  two  changes  to  the  opera- 
tion of  two  distinct  agencies,  and,  with  Schwann,  to  reserve  the  name 
of  “ plastic  ” force  for  that  which  gives  to  matter  a definite  organic 
form  ; the  other,  which  he  proposes  to  call  “ metabolic,”  being  already 
generally  named  “ vital  affinity.”  Respecting  the  last-named  agency, 
however,  it  has  been  long  since  remarked,  that  although  the  products 
of  chemical  changes  in  living  bodies  for  the  most  part  differ  from  those 
appearing  in  the  inorganic  world,  the  difference  is  nevertheless  to  be 
ascribed,  not  to  a peculiar  or  exclusively  vital  affinity  different  from 
ordinary  chemical  affinity,  but  to  common  chemical  affinity  operating 
in  circumstances  or  conditions  which  present  themselves  in  living 
bodies  only. 

2.  Vital  Contractility. — When  a muscle,  or  a tissue  containing 
muscular  fibres,  is  exposed  in  an  animal  during  life,  or  soon  after  death, 
and  scratched  with  the  point  of  a knife,  it  contracts  or  shortens  itself ; 
and  the  property  of  thus  visibly  contracting  on  the  application  of  a 
stimulus  is  named  “ vital  contractility,”  or  “ irritability,”  in  the 
restricted  sense  of  this  latter  term.  The  property  in  question  may  be 
called  into  play  by  various  other  stimuli  besides  that  of  mechanical 
irritation  especially  by  electricity,  the  sudden  application  of  heat  or 
cold  salt,  and  various  other  chemical  agents  of  an  acrid  character,  and, 

m a huge  class  of  muscles,  by  the  exercise  of  the  will,  or  by  involuntary 
mental  stimuli. 

lhe  evidence  that  a tissue  possesses  vital  contractility  is  derived,  of 
coui  se,  irom  the  tact  of  its  contracting  on  the  application  of  a stimulus. 
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Mechanical  irritation,  as  scratching  with  a sharp  point,  or  slightly 
pinching  with  the  forceps,  electricity  obtained  from  a piece  of  copper 
and  a piece  of  zinc,  or  from  a larger  apparatus  if  necessaiy,  and  the 
sudden  application  of  cold,  are  the  stimuli  most  commonly  applied. 

3.  Vis  Nervosa. — The  stimulus  which  excites  contraction  may  be 
applied  either  directly  to  the  muscle,  or  to  the  nerves  entering  it,  which 
then  communicate  the  effect  to  the  muscular  fibre,  and  it  is  in  the 
latter  mode  that  the  voluntary  or  other  mental  stimuli  are  transmitted 
to  muscles  from  the  brain.  Moreover,  a muscle  may  be  excited  to  con- 
tract by  irritation  of  a nerve  not  directly  connected  with  it.  i he 
stimulus,  in  this  case,  is  first  conducted  by  the  nerve  irritated,  .to  the 
brain  or  spinal  cord  ; it  is  then,  without  participation  of  the  will,  and 
even  without  consciousness,  transferred  to  another  nerve,  by  which  1 is 
conveyed  to  the  muscle,  and  thus  at  length  excites  muscular  contrac- 
tion. The  property  of  nerves  by  which  they  convey  stimuli  to  muscles, 
whether  directly,  as  in  the  case  of  muscular  nerves,  or  circuitously,  as 
in  the  case  last  instanced,  is  named  the  “ vis  nervosa.”  . 

4 Sensibility.— We  become  conscious  of  impressions  made  on 
various  parts  of  the  body,  both  external  and  internal,  by  the  faculty  ot 
sensation ; and  the  parts  or  textures,  impressions  on  which  i a re  tel t, 
are  said  to  be  sensible,  or  to  possess  the  ri  al  property  of  sensibilny . 

This  property  manifests  itself  in  very  different  degiees  m different 
narts  • from  the  hairs  and  nails,  which  indeed  are  absolutely  insensible, 
to  the  skin  of  the  points  of  the  fingers,  the  exquisite  sensibility  ot 
which  is  well  known.  But  sensibility  is  a property  which  ready  depends 
on  the  brain  and  nerves,  and  the  different  tissues  owe  what  sensib 
they  possess  to  the  sentient  nerves  which  are  distributed  to  them. 
HeL  it  is  lost  in  parts  severed  from  the  body,  and  it  maybe  imme- 
diately extinguished  in  a part,  by  dividing  or  tying  the  nerves  so  as  to 
cut  off  its  connection  with  the  brain. 

It  to  appears  that  the  nerves  serve  to  conduct  talons  to  the  team, 
which  give  rise  to  sensation,  and  also  to  convey  stirnu  i 

conducted  upwards,  by  an  afferent  nerve  to  the  nerve, 

devoted  to  excitation,  and  then  transfened  to  an  eirerem, 

S which  it  travels  to  the  muscle.  If  this  mew  be  ootr^ae  powj  by  winch 
the  nerves  conduct  sensorial  impressions  and^the resulting  from 
are  one  and  the  same  vital  P1'0!3®1  X > function  of  sensorial  and  niotorial 

its  exercise,  and  Sk  applied,  but 

nerves,  benig  due  partly  to  t e d m0(fe  0f  reaction  of  the  organs 

especially  to  a difference  in  the  susceptibility  ana  moue 

to  which  the  stimuli  are  conveyed. 


development  of  the  TEXTURES. 

The  tissues  of  organised  bodies^  » thgjnay 

;St‘om  ^Tiri-esuUs  of  modem  researches  have  shown  that  the 
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different  organised  structures  found  in  plants  and  animals  originate 
directly  or  Indirectly  by  means  of  elementary  corpuscles,  which  have 
been  named  “ cells.”  These  so-called  cells,  remaining  as  separate  cor- 
puscles in  the  fluids,  and  grouped  together  in  the  solids,  persisting  in 
some  cases  with  but  little  change,  in  others  undergoing  a partial  or 
thorough  transformation,  produce  the  varieties  of  form  and  structure 
met  with  in  the  animal  and  vegetable  textures.  Nay,  the  germ  from 
which  an  animal  originally  springs,  so  far  at  least  as  it  has  been 
recognised  under  a distinct  form,  appears  as  a cell ; and  the  embryo, 
in  its  earliest  stages,  is  but  a cluster  of  cells  produced  apparently  from 
that  primordial  one;  no  distinction  of  texture  being  seen  till  the 
process  of  transformation  of  the  cells  has  begun. 

" No  branch  of  knowledge  can  be  said  to  be  complete  ; but,  even  now 
that  between  a quarter  and  half  a century  has  elapsed  since  the  pro- 
mulgation of  the  cell-doctrine,  there  is,  perhaps,  none  which  can  be 
more  justly  regarded  as  in  a state  of  progress  than  that  which  relates 
to  the  origin  and  development  of  the  textures,  and  much  of  the  current 
opinion  on  the  subject  is  uncertain,  and  must  be  received  with 
caution. 
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Fig.  1. 


If  we  view  under  the  microscope  the  early  embryo  of  one  of  the 
higher  plants  (fig.  1.),  we  see  that  it  is  built  up  entirely  of  a number 
of  closely  adherent  vesicles,  — these  are 
the  elementary  cells.  Each  of  those  cells 
consists  of  an  external  membranous  invest- 
ment (a),  the  cell-wall,  containing  in  its 
interior  a finely  granular  transparent  sub- 
stance of  semi-fluid  consistence — the  proto- 
plasm (b), — in  this  is  imbedded  at  one  part 
a more  solid  looking  body  of  rounded  form 
(the  nucleus , c),  which  again  itself  con- 
tains generally  one  or  two  distinct  strongly 
refracting  particles  {nucleoli).  On  closer  ex- 
amination it  may  be  observed  that  in  many 
cells  the  protoplasm  is  not  absolutely  quies- 
cent as  at  first  sight  appears,  but  on  the 
contrary  exhibits  slow  streaming  movements 
of  its  substance,  indicating  a certain  amount 
of  vital  activity.  This  is  more  particularly 
the  case  in  the  more  rapidly  growing  parts, 
where  also  it  is  not  uncommon  to  find  two 
nuclei  in  a cell.  This,  as  will  be  seen  later 
on,  is  an  indication  of  the  commencing 
division  of  the  cell  into  two  : by  the  con- 
stant repetition  of  this  process  the  growth 

of  the  plant  is  effected.  In  their  early  condition  all  plants  are 
similarly  composed  of  an  agglomeration  of  cells,  and  some  retain  this 
primitive  condition  throughout  life  ; in  all  the  higher  classes,  however, 
by  changes  in  the  form  and  in  the  contents  of  the  cells,  various  modifi- 
cations occur,  by  means  of  which  the  different  textures  of  the  plant 
arc  produced.  Some  of  these  are  shown  in  the  accompanying  figures 


Fig.  1. — Embryo  op  a Dico- 
tyledonous Plant.  Mode- 
rately Magnified. 

a,  cell-envelope  ; b,  proto- 
plasm; c,  nucleus. 
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(figs..  2.  and  3):  it  would  however  lead  us  too  far  to  enter  into  a 
description  of  them  here. 


Fig.  2-  Fig.  3. 


Fig.  2. — Textures  seen  in  a Longitudinal  Section  op  the  Leaf  Stalk  of  a 

Flowering  Plant. 

1,  2,  Polyhedral  cells  (from  mutual  pressure).  3,  4,  5,  Elongated  tubular  and 
prismatic  cells.  6,  Pitted  tissue.  7,  Spiral  vessels. 

Fig.  3. — Stellate  Vegetable  Cells. 


Fig.  4. 


THE  ANIMAL  CELL. 

Turning  now  our  attention  to  the  animal  embryo,  we  find  that  it 
also  is  entirely  made  up  of  cells  (fig.  4),  rather  smaller  it  is  true 

than  those  composing  the  embryo  plant,  but, 
like  them,  consisting  of  a granular  protoplasmic 
substance  (&)  enclosing  a nucleus  (c) ; this  in 
its  turn  containing  one  or  more  nucleoli. 

And  here,  at  the  outset,  we  encounter  a 
fundamental  difference  between  the  cells  com- 
posing the  animal  and  those  composing  the 
vegetable  embryo.  In  the  former  there  is  no 
membranous  investment  or  cell-wall.  In  con- 
sequence of  this  absence  of  a restraining  en- 
velope the  streaming  movements  of  the  proto- 
plasm, which  are  observable  in  every  cell,  whether 
animal  or  vegetable,  at  an  early  stage  ot  its 
existence,  and  in  some  remain  persistent  through- 
out life,  are  capable,  as  will  hereafter  be  more 
fully  explained,  of  effecting  changes  both  in  the 
form  and  also  in  the  position  of  the  animal  cell.'"' 

Before  proceeding  to  inquire  into  the  changes  which  may  occur  in 

* TLe  existence  of  animal  cells  destitute  of  envelope,  although  more  insisted  on  of  late 
years,  has  been  all  along  recognised  in  the  study  of  cell-development,  and  was  expressly 
pointed  out  by  SchwanD  himself  (Microscopische  Untersuchungen,  &c.,  p.  209).  It  has 
appeared  to  some  that  another  name  should  be  used  to  designate  bodies  which  thus  exist 
in  a naked  non-vesicular  form.  Briicke  proposed  to  call  them  “elementary  organisms, 
a term  too  cumbrous  for  use.  As  the  first  “shaped  ” products  of  organisation  which  appear 
in  the  development  of  all  but  the  lowest  organised  beings,  they  might  be  named  proto- 
plasts ” or,  as  that  name  has  been  already  used  in  a widely  different  sense  mono- 
olasts'”  but  after  all,  seeing  the  universal  currency  of  the  term  “cell,  it  is  probably 
most  convenient  and  best  to  adhere  to  it,  with  the  understanding  that  in  many  cases  it  is 
used  in  a conventional  sense. 


Fig.  4.  — Three  Cells 

FROM  EARLY  EMBRYO 

of  the  Cat.  Highly 

MAGNIFIED. 

I),  protoplasm  ; c,  nu- 
cleus with  nucleolus.  The 
lowermost  cell  has  two 
nuclei. 
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the  embryo  cells  in  order  to  the  production  of  the  various  textures  of 
which  the  animal  body  is  composed,  it  will  be  convenient  to  consider 
the  manner  in  which  the  cells  themselves  are  produced,  and  the  nature 
of  the  substance  composing  them. 

Production  of  Embryo  Cells. — So  far  as  is  at  present  known,  every 
cell  in  the  animal  body  has  been  derived  from  a previously  existing 
cell.  In  the  case  of  the  cells  which  compose  the  early  embryo  this 
parent  cell  is,  as  has  been  previously  pointed  out,  the  ovum  itself,  or  at 
least  its  germinative  part. 

The  mammalian  ovum  differs  indeed  from  the  cells  we  have  just 
been  considering,  both  in  its  size,  and  in  possessing  a stout  external 
membrane  (fig.  5 a).  Like  them,  however,  it  mainly  consists  of  a 
protoplasmic  substance  (If),  in  which  are  embedded  fatty  granules  (the 
yelk),  and  contains  structures  (the  germinal  vesicle  (c)  and  germinal 
spot ) , which  are  comparable  respectively  to  the  nucleus  and  nucleolus. 


Fig.  5. 


D ' E 


■F 


Fig.  5.— Diagrammatic  Figures  to  illustrate  the  Formation  op  Cells  within  the 
Mammalian  Ovum  by  Segmentation  of  the  Yelk  ; magnified. 

or, ’’external  membrane  ; l,  protoplasmic  contents  ; c,  germinal  vesicle  containing  the 
germinal  spot.  ° 


The  embiyonic  cells  are  produced  from  the  ovum  by  a process  of 
cleavage  or  segmentation,  of  which  the  following  is  an  outline  : — 

he  geiminal  vesicle  disappears  ; the  contents  of  the  ovum  then 
shrink  somewhat  and  separate  into  two  equal  parts  (b)  ; the  first  two 
segments  divide  each  again  into  two  (c),  and  the  binary  division  thus 
goes  on  (d,  e,)  pretty  regularly  until  the  whole  is  transformed  into 
a num  ei  of  small  segments,  the  embiyonic  cells,  each  consisting,  as 
we  nave  seen,  of  protoplasmic  matter  enclosing  a nucleus.  The  latter 
s not  always  discoverable  in  the  earlier  segments,  being  perhaps 
c cn  y he  opaque  granular  mass,  but  it  soon  comes  into  view,  and 
pX  a :SU1>Posed  fc0  Play  an  important  part  in  the  formation  of  the 
,,  ' a \ mnnts  it  may  be  observed,  in  those  segments  in  which 

« ,,lluc  ls  visible,  that  the  division  of  this  body  precedes  that 
e,  Protopla8mic  _ substance.  Whether  the  first  nucleus  is  itself 
enved  from  the  vanishing  germinal  vesicle  and  spot  is  unknown. 
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The  formation  of  cells  by  segmentation  may  be  traced  with  comparative  ease 
in  the  ova  of  many  invcrtebrata.  The  accompanying  figure  (fig.  (5)  represents 
the  several  stages  of  the  process  in  small  species  of  the  ascaris  worm.  A,  B,  and 
C are  from  the  Ascaris  nigrovenosa,  as  observed  by  Kolliker.  He  found  that, 
after  the  germinal  vesicle  had  disappeared,  a new  nucleus  with  nucleolus  was 
formed  in  its  place  : the  segmentation  then  goes  on  as  in  the  mammalian  ovum, 
but  the  nuclei  are  visible  from  the  first. 

In  many  animals  the  segmentation  process  affects  only  a part  of  the  contents 

of  the  ovum. 

Fig.  6. 


Fig.  6. — Division  of  the  Yelk  of  Ascaris. 
a,  b,  c (from  Kolliker),  ovum  of  Ascaris  nigrovenosa  ; d and  e,  that  of  Ascaris 
acuminata  (from  Bagge). 


The  Protoplasm  of  the  Cell.  — The  substance  of  tvliich  the 
embryonic  cells,  and  all  others  which  display  similar  vital  contractility, 
chiefly  consist,  is  in  reality  clear  and  hyaline,  but  commonly  contains 
minute  particles  imbedded  in  the  clear  substance,  which  _ give  it  a 
granular  appearance  (fig.  4,  V).  It  is  semi-fluid  and  viscid  m con- 
sistence, and  in  chemical  constitution  closely  agrees  with  the  albumi- 
noid bodies,  consisting,  in  fact,  principally  of  a substance  allred  lo 
myosin,  the  chief  constituent  of  muscular  tissue  ; but  rn  many  animal 
cells  it  doubtless  also  includes  other  organic  principles  especially 
fat  and  glycogenous  or  amyloid  matter.  Protoplasm  is  characterised 
by 'properties  which  have  been  aptly  termed  vital,”  since  upon  their 
presence  the  life  of  the  organism  seems  to  depend.  Chief  among 
these  properties  are  those  of  assimilation  and  of  irritability : indeed, 
it  is  probable  that  the  vital  properties  of  the  textures  above  enumerated 
depend,  in  great  measure  or  wholly,  upon  the  protoplasm  which  they 

°°The  Nucleus  of  the  CeU.-The  nucleus  (fig.  4,  c)  is  a round  or 
ovoid,  clear,  and  apparently  vesicular  body,  common  y situate  near  the 
centre  of  the  cell,  and  containing  one  or  two  strongly  iefiactm& 
granules — the  nucleoli — which  are  probably  of  a fatty  natuie. 

From  the  affinity  which,  in  common  with  protoplasm,  it  possesses  for  certain 
colomSig  matters,  the  nucleus  has  been  supposed  by  some  eminent 
land  notably  by  Beale,  who  has  applied  the  term  “ germinal  matter  to  both)  to 
£ Identical in  nature  with  that  substance.  Its  behaviour^ ^however 
reagents  is  altogether  different ; and  in  general  it  may  be  said  that  it  offers  gie.  t 
resistance  to  their  action  than  the  substance  which  surroun  1 . ...  ‘ f 

rt^he  division  of  cells  the  segmentation  of  the  nucleus  appears  to  precede  that  of 
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CHANGES  OF  CELLS  IN  THE  FORMATION  OF  TISSUES. 

Changes  which  occur  in  Cells.  — The  changes  which  may  occur 
in  cells  in  relation  to  the  production  of  the  textures  are  of  two  prin- 
cipal kinds,  according  as  the  form  of  the  cell,  or  the  nature  of  the  sub- 
stance composing  it,  undergoes  alteration.  These  changes  may  occui  au 
one  and  the  same  time— indeed,  this  is  commonly  found  to  be  the  case ; 
it  will,  however,  be  more  convenient  here  to  consider  them  separately. 

1.  Chemical  cincl  Plastic  Changes  occurring  in  Cells.— The  protoplasm 
originally  composing  the  embryonic  cell  may  become  variously  altered  in 
chemical  constitution,  all  such  changes  tending  to  diminish  the  original 
activity  of  the  cell  and  to  fit  it  for  a special  function.  An  alteration  com- 
monly met  with  in  older  cells  is  the  conversion  of  the  outer  portion  of 
the  protoplasm  into  a comparatively  dense  layer,  which  constitutes  an 
investment  for  the  remainder,  and  in  this  way  approximates  the  cell 
more  to  the  vegetable  type.  Such  a transformation  is  met  with  in  a 
high  degree  in  the  stratified  epithelia,  in  which  the  cells  of  the  upper- 
most layers  become  almost  entirely  transformed  into  dense  horny  scales. 

Another  change  which  is  apt  to  occur  is  the  deposition  within  the 
cell  of  various  chemical  principles,  which  are  either  derived  directly 
from  the  plasma  of  the  blood,  in  which  in  such  cases  they  pre-exist,  or 
are  elaborated  by  the  cell  itself  from  some  other  constituent  of  that 
fluid.  Examples  of  these  changes  are  to  be  found  in  the  deposit  of  fat 
and  pigment,  and  of  the  peculiar  constituents  of  certain  secretions 
within  the  cells  of  the  tissue  or  gland  producing  them. 

The  deposition  of  fat  occurs  ordinarily  and  in  its  most  characteristic  form  in 
the  corpuscles  of  the  connective  tissue,  transforming  them  into  fat  cells,  although 
it  may  occasionally  be  found  in  other  cells,  such  as  those  of  the  liver  and  of 
cartilage.  Pigment  on  the  other  hand  may  be  deposited  both  in  connective  tissue 
cells  and  in  epithelium,  and  this  to  such  an  extent  as  to  give  an  intensely  black 
appearance  to  the  part,  as  in  the  choroid  coat  of  the  eye  and  in  the  cuticle  of  the 
negro. 

Sometimes  these  chemical  changes  are  accompanied  by  others  of 
a plastic  or  organizing  character,  as  in  the  fibrillation  which  is  often 
found  to  occur  in  cells,  and  notably  in  those  of  the  nervous  and 
muscular  tissues,  as  well  as  in  the  formation  of  the  spontaneously 
moving  bodies  called  spermatozoa  in  the  spermatic  cells.  Another 
example  of  such  a change  is  to  be  found  in  the  formation  of  red  blood 
corpuscles  within  the  cells  of  connective  tissue. 

These  plastic  changes  are  equally  unexplained  with  the  other  alterations  of 
form  and  structiu-e  which  accompany  the  production  and  metamorphoses  of  cells. 
As  regards  the  changes  in  the  quantity  and  chemical  nature  of  the  contained 
matter,  it  may  be  remarked  that  the  introduction  of  new  matter  into  a cell  i£  to 
a great  extent  a phenomenon  of  imbibition.  In  addition  to  this,  many  cells,  by 
virtue  of  then-  amoeboid  movements  to  be  presently  described,  are  enabled  to  take 
into  then-  substance  minute  solid  par-tides,  both  inorganic  and  organic.  But, 
while  an  alteration  in  the  contents  of  a cell  may  be  thus  brought  about  by 
imbibition  and  intersusception  of  pre-existing  material,  the  contained  substance 
may  also  be  changed  in  its  qualities  by  a process  of  conversion  or  elaboration 
taking  place  within  the  cell. 

2.  Changes  in  Form — The  changes  of  form  which  may  occur  in 
cells  arc  of  two  kinds,  the  one  being  merely  passive  and  mechanical, 
the  other  dependent  upon  the  growth  of  the  cell.  Instances  of  the 
former  are  seen  in  those  cases  where,  by  mutual  compression,  the  cells 
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have  acquired  a more  or  less  dodecahedral  form  (as  is  frequently  the 
case  in  plants,  see  fig.  2),  or  where,  by  growth  of  young  cells  beneath 
them,  they  become  flattened  out  and  forced  towards  a free  surface,  as 
probably  happens  in  the  case  of  the  stratified  epithelia.  Examples  of 
the  latter  are  observable  in  the  ramification  of  the  cells  of  the  nervous 
and  connective  tissues,  and  in  the  elongation  of  cells  to  form  muscular 
fibres. 

3.  Movements  of  Cells. — Many  cells  undergo  spontaneous  movements, 
leading  to  temporary  changes  in  their  form.  If  we  watch  carefully  under 
a high  power  of  the  microscope  any  cell  which  is  exhibiting  these  pheno- 
mena— a pale  blood-corpuscle,  for  example — we  observe,  in  the  first  place, 
at  one  point  of  its  circumference,  a protrusion  of  a portion  of  its  proto- 
plasm, which  is  commonly  at  first  clear  and  hyaline,  but  into  which 
granules  are  soon  seen  to  flow.  After  a short  time  this  process  may  be 
retracted,  and  another  similarly  protruded  at  another  point,  and  again 
withdrawn,  and  so  on  for  a considerable  time,  the  corpuscle  remaining 
all  the  while  perfectly  stationary.  Occasionally,  however,  especially  if  the 
corpuscle  be  maintained  at  the  temperature  of  the  body,  the  part  protruded 
remains  fixed,  and  the  cell  itself  is  drawn  towards  the  extremity  of  the 
process.  Should  this  occur  a number  of  times  in  the  same  direction,  a 
slow  progressive  motion  of  the  whole  cell  is  the  result.  In  this  way 
cells  such  as  we  are  now  considering  may  undergo  very  considerable 
changes  of  form  and  place  within  a relatively  short  time.  Thus,  under 
certain  conditions,  the  pale  blood-corpuscles  may  some  of  them  make 
their  way  out  of  the  blood-vessels  and  move  freely  in  the  surrounding 
tissues  : hence  the  term  “ migratory  cells  ” ( Wanderzellen)  applied  to 

them.  _ . . 

The  movements  which  we  have  just  been  describing  as  occurring  in 
cells  are  quite  similar  to  those  which  are  exhibited,  but  in  a more 
vigorous  manner,  by  the  common  fresh-water  amoeba,  and  are  hence 
designated  “amoeboid.”  They  are  more  marked  in  cells  in  the  young 
state,  such  as  those  of  the  embryo,  but  are  not  altogether  absent  in 
some  which  persist  in  the  fully-developed  tissues,  as,  for  example,  in  the 
connective  tissue  corpuscles.  The  contractile  property  of  the  proto- 
plasm, to  which  its  movements  are  due,  would  seem  to.  be  quite  com- 
parable to  the  contractility  of  muscular  substance  ; for  it  is  found  that 
the  substance  of  these  protoplasmic  cells  contracts  under  the  electnc 
stimulus,  whether  this  be  directly  applied,  or,  as  observed  by  lvuhne  m 
the  cornea,  indirectly  through  the  medium  of  the  nerves.' 


In  the  cells  of  the  Vallisncria,  Chara,  and  various  other  plants,  when  exposed 
under  the  microscope,  the  green  coloured  grains  (of  chlorop  ij  ) anc  o er  sma 
masses  and  corpuscles  contained  in  the  cavity,  are  seen  to  ie  rnenee  a on&  re 
inside  of  the  cell-wall  in  a constant  and  determinate  dnection.  This  phenomeno 
appears  to  he  of  very  general  occurrence  in  the  vegetable  * ng  om,  a loug  r 
movement  does  not  always  go  on  with  the  same  regulaii  y as  m le  i « 
cited.  It  is  obviously  due  to  a layer  of  protoplasm  on  t ie  inner  syu  a 
cell-wall,  which  enters  into  a peculiar  flowing  or  undulating  motion Jind  traa  ^ 
the  passive  chlorophyll  granules  along  with  it ; but  hou  ie  m \ 

toplasm  itself  is  produced  is  not  at  all  understood.  tv.  TOm,ri«Wp 

To  the  same  class  of  phenomena  are  probably  to  be  ie  err  » « 

movements  observed  in  the  pigment-cells  of  the  frog  s s un,  v ne  i u . . 

investigated  by  Lister.f  In  these  ramified  cells  the  dark  particles  of  pigment  ar 

* Untersuchungcn  ubor  das  Protoplasma  and  die  Contractilitiit.  1864. 
f Phil.  Trans.,  1858. 


MULTIPLICATION  OF  CELLS. 


13 


at  one  time  dispersed  through  the  whole  cell  and  its  branches,  but  at  another 
tune  they  gather  into  a heap  in  the  central  part,  leaving  the  rest  of  the  branched 
cell  vacant,  but  without  alteration  of  its  figure.  In  the  former  case  the  skin  is 
of  a dusky  hue  • in  the  latter,  pale.  Like  the  movements  of  the  piotoplasm,  the 
aggregation  of  the  pigment  molecules  can  be  excited  thiough  the  nei*ves,  both 
mechanically  and  electrically. 

The  fact  above  mentioned,  that  these  movements  of  cells  may  be  excited  by 
stimulation  of  the  nerves,  is  especially  worthy  of  note,  in  as  much  as  it  proves 
that  operations  effected  in  and  by  cells  are  more  or  less  under  the  governance  of 
the  nervous  system.  Moreover,  the  well  known  influence  of  mental  states  over 
the  secretions,  and  the  effects  resulting  from  experimental  stimulation  of  the 
nerves  of  secreting  glands,  although  doubtless  due  in  part  to  changes  in  the 
blood-vessels,  seem  to  show  that  this  subjection  to  the  nervous  system  extends 
even  to  the  chemical  and  physical  operations  which  take  place  in  secreting  cells. 
A curious  and  interesting  observation  in  proof  of  this  is  adduced  by  Kolliker. 
He  found  that  the  light  of  the  firefly,  lampyris,  is  emitted  from  cells  in  which 
albuminoid  matter  is  decomposed  with  production  of  urate  of  ammonia,  and  that 
the  emission  of  light  could  be  brought  on  or  rendered  more  vivid  by  electrical 
and  other  stimuli  operating  through  the  nerves. 

The  well-known  tremulous  movement  which  so  often  affects  minute  particles 
of  matter,  is  not  unfrequently  observed  in  the  molecular  contents  of  cells  ; but 
this  phenomenon  depends  simply  upon  physical  conditions,  and  is  of  a totally 
different  character  from  the  motions  of  the  protoplasm  above  referred  to. 


Multiplication  of  Cells  by  Division. — The  amoeboid  movements 
of  the  protoplasm  are  directly  concerned  in  the  process  of  subdivision 
of  a cell.  This  is  more  particularly  to  be  observed  in  the  division  of  a 
free  cell — a white  blood-corpuscle,  for  example — in  which  the  process, 
as  described  by  Klein  and  others,  is,  briefly,  as  follows  (fig.  7) : — One 


Fig.  7. 


Fig.  7.— Stacks  in  the  Division  op  a Colourless  Corpuscle  of  Newt’s  Blood 

(after  Klein). 


of  the  processes  of  an  amoeboid  corpuscle,  the  nucleus  of  which  has 
previously  undergone  division,  remains  unretracted,  and  into  this  one 
of  the  nuclei  from  the  body  of  the  cell  may  pass.  The  protruded  part 
then  becomes  more  and  more  withdrawn  from  the  rest  of  the  cell, 
and,  finally,  by  the  rupture  of  the  connecting  neck  of  protoplasm, 
may  become  entirely  detached,  breaking  away  as  an  independent 
corpuscle.  J r 

But  the  process  is  commonly  of  a more  simple  character,  as  is  the 
case,  or  instance,  with  the  process  of  cleavage,  already  mentioned 
in  treating  of  the  production  of  embryonic  cells.  The  actual  process 
ol  division  has  now  been  observed  in  the  ova  of  many  of  the  lower 
animals,  ft  is  preceded  by  slow  heaving  movements  of  the  proto- 
plasm ; a furrow  then  appears  upon  the  surface,  soon  to  disappear 
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again. 


Fig.  8. 


This  is  repeated  two  or  three  times,  hut  finally  the  furrow 
becomes  permanent,  and,  deepening  into  a groove,  gradually  constricts 

the  mass  into  two.  In  some  cases,  before 
this  process  is  complete,  a second  furrow 
appears  at  right  angles  to  the  first,  and 
sometimes  even 
being  thus  into 
instead  of  into 
described  in  the 
ovum. 

In  the  same 
other  cells  may 


a third,  the  division 
four  or  eight  segments 
two  only,  as  previously 
case  of  the  mammalian 


Fig 


8. — Diagram 
sion  of  a Cell. 


OF  THE  DlVI- 


manner  the  division  of 
take  place,  the  nucleus 
first  becoming  divided,  and  a portion  of 
the  protoplasm  collecting  around  each 
half.  The  two  cells  thus  produced  may  each  undergo  a similar  change, 
and  in  this  way  cell-multiplication  may  be  exceedingly  rapid.  The  cells 
commonly  become  separated ; in  some  tissues,  however,  cartilage,  for 
instance,  they  may  remain  in  proximity,  producing  thus  groups  of  two 
or  four  newiy-formed  cells,  which,  in  the  case  of  that  tissue,  are  at 
first  euclosed  in  a common  cavity  of  the  matrix:  hence  the  piocess  of 
multiplication  has  here  been  styled  “endogenous.”.  It  is,  however,  in 
all  probability,  essentially  the  same  as  in  the  less  solid  tissues. 

The  division  of  cells  is  usually  into  two,  as  above  described,  but,  as 
observed  by  Remak  in  the  frog  larva,  it  may  occur  into  as  many  as 

five  or  six.  Instances  of  the 
same  kind  are  also  observed 
in  the  development  of  pus 
corpuscles  from  connective 
tissue  corpuscles,  the  cells 
becoming  enlarged,  and  their 
nuclei  multiplied  previously 
to  breaking  up  into  pus  cor- 
puscles. Sometimes,  however, 
a multiplication  of  nuclei 
within  a cell  would  seem  to 
occur  without  immediate 
separation  into  new  cells,  as, 
for  instance,  in  the  case  of  the 
large  flattened  nmltinucleated 


Fig.  9. 


Fig.  9. — Mtjltinucleated  Cells. 

(Kolliker). 


400  Diameters 


cells  (fig.  9),  which  are  found  in  the  medullary  cavities  of  bone,  and 
in  other  situations,  and  which  would  seem,  at  least  m bone,  to  fulfil 

Ofcells  in  their  relation  to  each  other.— The  cells  which  com- 
pose the  early  embryo  have  but  little  connection  one  with  another,  the 
intercellular  substance  being  small  in  amount,  or  altogether  absent 
As  growth  proceeds,  however,  they  come  to  present  diffeiences  m the 

relations  to  each  other.  „ ,,  , 

a.  They  may  remain  isolated,  as  in  the  instance  of  the  pale  coipus- 

cles  of  blood,  chyle,  and  lymph.  „ 

b.  They  may  be  united  into  a continuous  tissue  by  means  of. 
cementing  substance  : the  epithelium  and  cuticle,  the  nails  and  hairs 

affOUUocessesCI fromneighbouring  cells  meet  and  become  united,  as  is 


c. 
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frequently  the  case  with  the  corpuscles  of  connective  tissue,  ancl  as  is 
seen  in  the  process  of  development  of  blood-vessels  and  nerves. 

Intercellular  substance. — Of  the  matter  which  lies  between  cells 
— the  intercellular  substance — and  its  relation  to  them,  it  may  be 
observed  that  sometimes  it  is  in  very  small  quantity,  and  seems  merely 
to  cement  the  cells  together,  as  in  epithelium  ; at  other  times  it  is 
more  abundant,  and  forms  a sort  of  matrix,  or  ground  substance,  in 
which  the  cells  are  embedded,  as  in  cartilage.  It  is  homogeneous, 
translucent,  and  firm  in  most  cartilages,  and  pervaded  by  fibres  in 
yellow  cartilage.  In  connective  tissue  it  consists  of  fibres,  with  soft 
interstitial  matter,  which  is  scanty  in  the  denser  varieties,  but  abundant 
in  the  lax  tissue  of  the  umbilical  cord  ; in  bone  the  intercellular  sub- 
stance is  calcified  and  mostly  fibrous.  As  to  the  production  of  the 
intercellular  substance,  there  can  be  little  doubt  that  in  cartilage  it  is 
derived  from  the  cells.  Formed  as  capsules  round  the  cells  by  excre- 
tion from  their  surface,  or  by  conversion  of  their  proper  substance,  and 
being  blended  into  a uniform  mass,  it  accumulates  while  the  cells 
multiply,  and  while  fresh  material  is  supplied  to  them  from  the  blood, 
which  they  convert  into  chondrinous  substance.  The  source  of  the 
intercellular  substance  is  not,  in  every  instance,  so  apparent,  but  it 
may  be  presumed  that  the  cells  have  some  influence  in  its  nutrition 
and  maintenance. 


From  what  has  been  said  it  will  be  obvious  that  cells  play  an  important 
part  in  the  growth  of  textures,  and  probably  in  nutrition.  The  former  pro- 
cess is  usually  accompanied  by  a great  multiplication  of  cells,  the  peculiar 
constituent  of  which  the  protoplasm — seems  to  be  specially  endowed  with  the 
faculty  of  propagation  by  division,  and  of  increase  by  appropriating  and  con- 
\ erting  new  matter.  It  is  conceivable  that  in  this  way  it  may  serve  for  the 
extension  of  growing  tissue  and  the  development  of  structural  elements  from  the 
cnide  materials  of  growth.  Again,  in  the  nutrition  of  a mass  of  tissue  the  crude 

material  may  undergo  preparation  by  the  cells  that  lie  in  the  interstices  of  the 
structure. 


The  existence  of  this . protoplasmic  genninative  substance  is  very  general, 
perhaps  indeed  universal,  in  the  animal  and  vegetable  kingdoms.  But  whilst  in 
the  great  majority  of  organic  beings  it  assumes  the  form  of  a nucleated  cell 
(protoplast  or  monoplast),  as  the  first  condition  of  them  organised  structure,  in 
simpler  modes  of  life  and  organisation  it  is  not  subject  to  the  same  limitation  of 
torm  and  mass.  In  the  nmjcctozoa  ( myxomycetes] ),  a curious  tribe,  heretofore 
mostly  reckoned  among  the  fungi,  but  standing  as  it  were  on  the  debateable 
ground  between  the  annual  and  vegetable  kingdoms,  the  protoplasm  is  extended 
to  reticular  masses,  or  irregularly  anastomosing  trains  ( plasmodia ),  spread  over 
he  surface  of  bark  and  other  bodies  to  which  it  parasitically  clings  ; whEst  in 
abnos  and  some  other  infusorial  animalcules  of  the  simplest  kind,  it  appears  as 

lust™™  eC?a1'  partlc.les  >'  but  ifc  is  most  probably  derived  from  parents  in  all 
instances  however  minute  and  apparently  insignificant  these  may  be. 

of  ComSre  -ivf  01  .PTld  su^s^ance-  possesses  in  a high  degree  the  property 
with  thpn  ° 1 1 anc!  1'e<  ucm£  ^ie  sap;s  °f  silver  when  previously  impregnated 
Seed  bv  iS  e?0aed  *°  method  of  stabling.  which  was  intro - 

determinino- +iaUC  V-^  Ptec^m£pauseru  has  furnished  us  with  a ready  means  of 
these  rpmnin  K:  P°sltam  and  ^orm  of  delicate  cellular  elements  in  a tissue,  since 
around  • or  unstam®(^  the  reagent,  stand  out  white  upon  the  dark 

bounded  hv  fin  a ^ an  ePithelioid  tissue,  appear  as  white  polygonal  areas 
bounded  by  fine  dark  hues  (compare  figs.  108  and  109,  pp.  166,  167) 
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NUTRITION  AND  REGENERATION  OP  THE  TEXTURES. 


Nutrition. — The  tissues  and  organs  of  the  animal  body,  when  once 
employed  in  the  exercise  of  their  functions,  are  subject  to  continual 
loss  of  material,  which  is  restored  by  nutrition.  This  waste  or  con- 
sumption of  matter,  with  which,  so  to  speak,  the  use  of  a part  is 
attended,  takes  place  in  different  modes  and  degrees  in  different  struc- 
tures. In  the  cuticular  textures  the  old  substance  simply  wears  away, 
or  is  thrown  off  at  the  surface,  whilst  fresh  material  is  added  from 
below.  In  muscular  texture,  on  the  other  hand,  the  process  is  a 
chemical  or  chemico-yital  one  ; the  functional  action  of  muscle  is 
attended  with  an  expenditure  of  moving  force,  and  a portion  of  matter 
derived  in  part  from  the  muscle  itself  is  consumed  in  the  production  of 
that  force;  that  is,  it  undergoes  a chemical  change,  and  being  by  this 
alteration  rendered  unfit  to  serve  again  is  removed  by  absorption.  The 
amount  of  matter  changed  in  a given  time,  or,  in  other  words,  the 
rapidity  of  the  nutritive  process,  is  much  greater  in  those  instances 
where  there  is  a production  and  expenditure  of  force,  than  where  the 
tissue  serves  merely  passive  mechanical  purposes.  Hence,  the  bones, 
tendons,  and  ligaments  are  much  less  wasted  in  exhausting  diseases 
than  the  muscles,  or  than  the  fat,  which  is  consumed  in  respiration, 
and  generates  heat.  Up  to  a certain  period,  the  addition  of  new  matter 
exceeds  the  amount  of  waste,  and  the  whole  body,  as  well  as  its  several 
parts,  augments  in  size  and  weight:  this  is  “ growth.”  When  maturity 
is  attained,  the  supply  of  material  merely  balances  the  consumption  ; 
and,  after  this,  no  steady  increase  takes  place,  although  the  quantity 
of  some  matters  in  the  body,  especially  the  fat,  is  subject  to  consider- 
able fluctuation  at  all  periods  of  life. 

It  would  be  foreign  to  our  purpose  to  enter  on  the  subject  of 
nutrition  in  general;  we  may,  however,  briefly  consider  the  mode  in 
which  the  renovation  of  substance  is  conceived  to  be  carried  on  m the 


tissues. 

The  material  of  nutrition  is  immediately  derived  from  the  plasma  of 
the  blood,  or  liquor  sanguinis,  which  is  conveyed  by  the  blood-vessels, 
and  transudes  through  the  coats  of  their  capillary  branches  ; and  it  is 
in  all  cases  a necessary  condition  that  this  matter  should  be  brought 
within  reach  of  the  spot  where  nutrition  goes  on,  although,  as  will 
immediately  be  explained,  it  is  not  essential  for  this  purpose  that  the 
vessels  should  actually  pass  into  the  tissue.  In  certain  instances,  more- 
over, the  pale  corpuscles,  which  exist  m the  blood,  pass  through  the 
coats  of  the  vessels,  and  may  become  employed  as  elements  of  nu  i 

aninecuticlenand  epithelium,  the  nutritive  change  is  effected  by  a 
continuance  of  the  process  to  which  these  textures  owe  their  01^1. 
The  tissues  in  question  being  devoid  of  vessels,  nutrient  matter 
furnished  by  the  vessels  of  the  true  skm,  or  subjacent  vascular 
membrane,  and  is  appropriated  by  young  cefls,  derived  most  probably 
from  pre-existing  ones/  These  new  cells  enlarge,  alto: ■ m figure 
often  also  in  chemical  nature,  and,  after  serving  for  a time  < 1 
+hp  fissiie  are  thrown  off  at  its  free  surface.  , 

BntTt  cannot  in  all  cases  be  so  clearly  shown  that  nu  n .on  takes 
nlace  by  a continual  formation  and  decay  of  the  structural  e e 
£ tissue  - and  it  must  not  be  forgotten,  that  there  rs  another  con- 
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ceivable  mode  in  which  the  renovation  of  matter  might  be  brought 
about,  namely,  by  a molecular  change  which  renews  the  substance 
particle  by  particle,  without  affecting  the  form  or  structure  ; by  a pro- 
cess, in  short,  which  might  be  termed  “ molecular  renovation.”  Still 
although  conclusive  evidence  is  wanting  on  the  point,  it  seems  probable 
that  the  crude  material  of  nutrition  first  undergoes  a certain  elaboration 
or  preparation  through  the  agency  of  cells  disseminated  in  the  tissue  ; 
which  may  serve  as  centres  of  assimilation  and  increase,  as  already 
explained. 

Office  of  the  vessels. — In  the  instance  of  cuticle  and  epithelium,  no 
vessels  enter  the  tissue,  but  the  nutrient  fluid  which  the  subjacent 
vessels  afford  penetrates  a certain  way  into  the  growing  mass,  and  the 
cells  continue  to  assimilate  this  fluid,  and  pass  through  their  changes  at 
a distance  from,  and  independently  of,  the  ■ blood-vessels.  In  "other 
non-vascular  tissues,  such  as-  articular  cartilage,  the  nutrient  fluid  is 
doubtless,  in  like  manner,  conveyed  by  imbibition  through  their 
mass,  where  it  is  then  attracted  and  assimilated.  The  mode  of  nutri- 
tion of  these  and  other  non-vascular  masses  of  tissue  may  be  compared, 
indeed,  to  that  which  takes  place  throughout  the  entire  organism  in 
cellular  plants,  as  well  as  in  polypes  and  some  other  simple  kinds  of 
animals,  in  which  no  vessels  have  been  detected.  But  even  in  the 
vasculai  tissues  the  case  is  not  absolutely  different ; in  these,  it  is  true 
the  vessels  traverse  the  tissue,  but  they  do  not  penetrate  into  its 
structural  elements.  Thus  the  capillary  vessels  of  muscle  pass  between 
and  around  its  fibres,  but  do  not  penetrate  their  inclosing  sheaths  - 
still  less  do  they  penetrate  the  fibrillm  within  the  fibre ; these,  indeed’ 
are  much  smaller  than  the  finest  vessel.  The  nutrient  fluid,  on  exudino’ 
from  the  vessels,  has  here,  therefore,  as  well  as  in  the  non-vascular 
tissues  to  permeate  the  adjoining  mass  bv  transudation,  in  order  to 
reach  these  elements,  and  yield  new  substance  at  every  point  where 
renovation  is  going  on  The  vessels  of  a tissue  have,  indeed,  been  not 
unaptly  compared  to  the  _ artificial  channels  of  irrigation  which  distri- 
bute water  over  a field  ; just  as  the  water  penetrates  and  pervades  the 
soi  which  lies  between  the  intersecting  streamlets,  and  thus  reaches 

5 thp°S  P i’  S°  th!  nutritious  fluid’  reaping  through  the  coats 
which  hes  ’ T Pf^e^e  intermediate  mass  of  tissue 

ouau  ifv  of  1 mGihef  of,ey®n  j.le  finest  vascular  network.  The 

S W , supplied,  and  the  distance  it  has  to  penetrate  beyond 
j e essels,  will  vary  according  to  the  proportion  which  the  latter  bear 
to  frie  mass  requiring  to  be  nourished. 

thefree  surfacp11  the  Cl/tic!e  the  deca?ed  parts  are  thrown  off  at 

effete  mat  ei  mn^  Rp  fi  T ^ T the  other  hand>  the  old  or 

frito  rim  blnnrW  \ rSt,  redl1Ced  t0  a ll(luid  state,  then  find  its  way 
the  ^ yi?hatlcs>  dong  the  residual  part  of 

nutlltlye  plasma,  and  be  by  them  carried  off.  1 

^2er tttZ  ‘V*  ,°Iear  the  TeS8els  ““  »0‘  Proved  to  perform 

ing  matter  to  C from  Z ° ' a,bove  desorita1'  beyond  that  of  convey- 

condition,  is  not  the  f i Cne,°  ni^r*on  > and  that  this,  though  a necessary 
and  assimilating  newTattS  T f process-  The  several  acts  of  assuming 
of  disorganising  auain  tw^ri0-  copterring  on  it  organic  structure  and  form,  and 
tations  of  tL  metZlt  f t0  be  removed>  which  “»  80  manifes- 

beyoud  the  blood-vessels.  It  is^lnin0  ?'eady  spoken  of>  are  performed 

vol  n.  ' t also,  that  a tissue,  although  devoid  of  vessels. 
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and  the  elements  of  a vascular  tissue,  although  placed  at  an  appreciable  distanco 
from  the  vessels,  may  still  be  organised  and  living  structures,  and . within  the 
dominion  of  the  nutritive  process.  How  far  the  sphere  of  nutrition  may,  in 
certain  cases,  be  limited,  is  a question  that  still  needs  further  investigation  , in 
the  cuticle,  for  example,  and  its  appendages,  the  nails  and  hairs,  which  are 
placed  on  the  surface  of  the  body,  we  must  suppose  that  the  old  and  dry  part, 
which  is  about  to  be  thrown  off  or  worn  away,  has  passed  out  of  the  limits  of 
nutritive  influence  ; but  to  what  distance  beyond  the  vascular  surface  of  the 
skin  the  province  of  nutrition  extends,  has  not  been  determined. 

Regeneration. — When  part  of  a texture  has  been  lost  or  removed, 
the  loss  may  be  repaired  by  regeneration  of  a new  portion  of  tissue  of 
the  same  kind  ; but  the  extent  to  which  this  restoration  is  possible  is 
very  different  in  different  textures.  Thus,  in  muscle,  a breach  of  con- 
tinuity may  be  repaired  by  a new  growth  of  connective  tissue ; but  the 
lost  muscular  substance  is  not  restored.  Regeneration  occurs  in  nerve ; 
in  bone  it  takes  place  readily  and  extensively,  and  still  more  so  m 
fibrous,  areolar,  and  epithelial  tissues.  The  special  circumstances  of  the 
regenerative  process  in  each  tissue  will  be  considered  hereafter ; but 
we  may  here  state  generally,  that,  as  far  as  is  known,  the  reproduction 
of  a texture  is  effected  in  the  same  manner  as  its  original  formation.  _ 

In  experimental  inquiries  respecting  regeneration,  we  must  bear  m 
mind,  that  the  extent  to  which  reparation  is  possible,  as  well  as  the 
readiness  with  which  it  occurs,  is  much  greater  in  many  of  the  lower 
animals  than  in  man.  In  newts,  and  some  other  cold-blooded  verte- 
brata,  indeed  (not  to  mention  still  more  wonderful  instances  of  re- 
o-eneration  in  animals  lower  in  the  scale),  an  entire  organ,  a limb,  for 
example,  is  readily  restored,  complete  in  all  its  parts,  and  perfect  m all 

its  tissues. 

In  concluding  what  it  has  been  deemed  advisable  in  the  foregoing  pages  to 
state  respecting  the  development  of  the  textures,  we  may  remark  that,  besides 
what  isTe  to  fts  intrinsic  importance,  the  study  of  this  subject  derives  great 
SeStomtte  aid  it  promises  to  afford  iff  its  applicaiaoa 

subject,  however,  does  not  fall  within  the  scope  of  the  present  work. 


THE  BLOOD. 

PHYSICAL  AND  ORGANIC  CONSTITUTION. 

The  most  striking  external  character  of  the  blood tos  its 
colour  which  is  florid  red  in  the  arteries,  but  of  a dark  pui  pie  o 
modena  S in  the  veins.  It  is  a somewhat  clammy 

liquid,  a little  heavier  than  water,  its  specific  giavi  y & npouliar 
1-057 ; it  has  a saltish  taste,  a slight  alkaline  reaction,  and  a peculiar 

famt  odour,  ked  ^ rg  hom0gencous ; but,  when 

examined  with  the  microscope,  either  while  within  the  minu  e vesse  s, 
or  when  spread  out  into  a thin  layer  upon  a piece  of  glass,  it  is  seen  to 
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consist  of  a transparent  colourless  fluid,  named  the  “ lymph  of  the 
blood,”  “ liquor  sanguinis,”  or  “ plasma,’’  and  minute  solid  particles  or 
corpuscles  immersed  in  it.  These  corpuscles  are  of  two  kinds,  the 
coloured  and  the  colourless  : the  former  are  by  far  the  more  abundant 
and  have  been  long  known  as  “ the  red  particles,”  or  “ globules,”  of 
the  blood  ; the  “ colourless,”  “ white,”  or  “ pale  corpuscles,”  on  the 
other  hand,  being  fewer  in  number  and  less  conspicuous,  were  later  in 
being  generally  recognised.  When  blood  is  drawn  from  the  vessels,  the 
liquor  sanguinis  separates  into  two  parts  ; — into  fibrin,  which  becomes 
solid,  and  a pale  yellowish  liquid  named  serum.  The  fibrin  in  solidify- 
ing involves  the  corpuscles  and  forms  a red  consistent  mass,  named  the 
clot  or  crassamentum  of  the  blood,  from  which  the  serum  gradually 
separates.  Ihe  relation  between  the  above-mentioned  constituents  of 
the  blood  in  the  liquid  and  the  coagulated  states  may  be  represented  by 
the  subjoined  scheme  : — J 


/Corpuscles 

Liquid  J 
blood] 


Liquor  sanguinis 


/Fibrin 


^Serum 


Clot 


-Coagulated  blood. 


. Rfd  Corpuscles.— These  are  not  spherical,  as  the  name  “ globulei 
by  which  they  have  been  so  gene- 
rally designated,  would  seem  to 
imply,  but  flattened  or  disk- 
shaped. Those  of  the  human 
blood  (fig.  10  and  fig.  12  a)  have 
a.  nearly  circular  outline,  like  a 
piece  of  coin,  and  most  of  them 
also  present  a shallow  cup-like 
depression  or  dimple  on  both  sur- 
faces ; their  usual  figure  is,  there- 
fore, that  of  biconcave  disks. 

Their  magnitude  differs  somewhat 
even  in  the  same  drop  of  blood, 
and  it  has  been  variously  assigned 
by  authors;  but  the  prevalent 
size  may  be  stated  at  from  W th 

TaW-h  °f  an  inch  in  diame- 
ter, and  about  one-fourth  of  that 
in  thickness. 

In  mammiferous  animals  gene- 
rally, the  red  corpuscles  are  shaped 

Mb?  .lllan» . except  in  the  camel 
tube,  in  which  they  have  an  ellip- 
tical outline.  IU  birds,  reptiles 
and  most  fishes,  they  are*  oval 
nks  with  a central  elevation  on 
both  surfaces  (fig.  12,  b,  from 

tent  nf " ) • t[le  hei&ht  and  ex-  " 

w ic  , as  well  as  the  proportionate  length  and  breadth 


fig.  10. — Human  Blood  as  seen  on  ' 
warm  Stage.  Magnified  about  1: 
Diameters. 

c,  c,  crenate  red  corpuscles  ; p,  a fir 
granular,  g,  a coarsely  granular  pale  < 
puscle.  Both  exhibit  two  or  three  vacuo] 
in  g,  a nucleus  also  is  visible. 
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the  oval,  vary  in  different  instances,  so  that  in  some  Osseous  fishes  the 
elliptical  form  is  almost  shortened  into  a circle.  The  blood-corpuscles 
of  mvertebrata,  although  they  (except  m some  of  the  redt-blooded 
annelides)  want  the  red  colour,  are  also,  for  the  most  part,  flatened  or 
disk-shaped  ; being  in  some  cases  circular,  in  others  oblong,  as  m the 
larvae  of  aquatic  insects.  Sometimes  they  appear  granulated  on  the 
surface  like  a raspberry,  but  this  is  probably  due  to  some  alteration 

°C  The  size  of  the  corpuscles  differs  greatlyin  different  kinds  of  animals; 
it  is  greater  in  birds  than  in  mammalia,  and  largest  of  all  m the  naked 
amphibia.  They  are  for  themost  part  smaller  m quadrupeds  than  in  man ; 
in  the  elephant,  however,  they  are  larger,  being  ol ^ mct1’ 

which  is  the  largest  size  yet  observed  m the  blood-corpuscles  of  any 
mammiferous  animal ; the  goat  was  long  supposed  to  have  the  smallest 

v;z  about  th  of  an  inch;  but  Gulliver  found  them  much  smaller 

in  the  Meminna  and  Napu  musk-deer,  in  which  animals  they  are  less 
than  — a— th  of  an  inch.  In  birds  they  do  not  vary  in  size  so  much, 
tom  Gumver's  very  elaborate  tables  of  mea— nt  r appears  that 

tliev  range  in  length  from  about  26  00th  1°  iw  i’i  i 

states  that  their  breadth  is  usually  a little  more  than  half  the  length 
and  their  thickness  about  a third  of  the  breadth  or  rather  more.  He 
found  a remarkable  exception  in  the  corpuscles  of  the  snowy  owh  which 
measure  y-Wth  of  an  inch  in  length;  and  are  only  about  a third 
this  in  breadth  In  scaly  reptiles  they  are  from  tj.tC1'  t0  Tsoojj1  ol 
t inch“gth  fin  the  naled  amphibia  they  are  mucUargr  :Om 

Sltmmdfrttoyaare  la^ef stillf  but  k“frgest  yet  known  are  found 

is°  “so  much  allied  to  the  proteus  in  othe, ^3“ts  *ey  — & 
of  an  inch  m length,  and  y<n>th  than  in  the  proteus. 

if  °f 

nfm  whS  SfbeSt“S  be  -n  that  the  s^ome  blood- 
corpuscles  in  animals  generally  is  no  pro^r  compare  the 

body  ; at  the  same  time,  species  of  ft* 

measurements  made  fiom  a ■ & >re  cjoser  connection  between 

same  order,  it  will  be  found  that  t bloocd_corpuscles  than  has  been 
the  size  of  the  annual  and  that  outl  at  least  one  example 

generally  supposed;  and  he  nas  1 . tg  irl  which  there  is 

of  a very  natural  group  of  quadrupe^,  t m of  the 

a gradation  of  the  size  of  the  corpuscles  m itiauon 

^^Structure. — The  human  red  corpuscle Hs 

soft  colourless  stroma  (tegumentaiy  fi  arn^^f  G^  ^ which  is  diffused  a 
shape  and  size  as  the  corpuscle  itse  , ° S separated  from  the 

semi-fluid  coloured  matter  asPwater  and  acetic 

stroma  by  means  of  reagents.  , ’the  coloured  part,  leaving 

sssn sfstsan  si — a ... . — - 
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treated,  when  viewed  in  mass  by  transmitted  light,  is  seen  to  have  lost 
its  opaque  appearance  and  to  have  acquired  a transparent  laky  tint. 
Such  lake-coloured  blood  may  also  be  produced  by  various  other  means, 
such  as  the  action  of  heat  (60°  C.),  the  alternate  freezing  and  thawing 
of  a portion  of  blood,  and  the  passage  of  electric  shocks  : the  change 
in  colour  and  translucency  obviously  depends  upon  the  fact  that  the 
corpuscles,  when  deprived  of  their  coloured  part,  interfere  less  with  the 
transmission  of  light  than  before  : such  blood  is  often  exceedingly  prone 
to  yield  crystals  of  haemoglobin  (to  be  afterwards  described).  The 
action  of  tannin  is  peculiar  from  the  fact  that  under  certain  conditions 
the  coloured  part,  instead  of  being  diffused  in  the  fluid,  becomes 
collected  into  a minute,  highly  refracting,  globular  mass  which  remains 
attached  to  the  exterior  of  the  stroma  (W.  Roberts).* 

The  corpuscles  alter  their  shape  on  the  slightest  pressure,  as  is 
beautifully  seen  while  they  move  within  the  vessels  ; they  are  also 
elastic,  for  they  readily  recover  their  original  form  again.  It  must  be 
remarked  that  the  blood-corpuscles  when  viewed  singly  appear  very 
faintly  coloured,  and  it  is  only  when  collected  in  considerable  quantity 
that  they  produce  a strong  deep  red. 

The  human-blood  corpuscles,  as  well  as  those  of  the  lower  animals, 
often  present  deviations  from  the  natural  shape,  which  are  most 
probably  due  to  causes  acting  after  the  blood  has  been  drawn  from  the 
vessels,  but  in  some  instances  depend  upon  abnormal  conditions 
previously  existing  in  the  blood.  Thus,  it  is  not  unusual  for  many  of 
them  to  appear  indented  or  jogged  at  the  margin,  when  exposed  under 
the  microscope,  (fig.  10,  c,  c ) and  the  number  of  corpuscles  so  altered  often 
appears  to  increase  during  the  time  of  observation.  This  is,  perhaps, 
the  most  common  change  ; it  occurs  whenever  the  density  of  the  plasma 
is  increased  by  the  addition  of  a neutral  salt,  and  is  one  of  the  first 
effects  of  the  passage  of  an  electric  shock.  The  corpuscles  may  become 
distorted  in  various  other  ways,  and  corrugated  on  the  surface  ; not 
unfrequently  one  of  their  concave  sides  is  bent  out,  and  they  acquire  a 
cup-like  figure.  1 

Gulliver  made  the  curious  discovery 
that  the  corpuscles  of  the  Mexican  deer 
and  some  allied  species  present  very 
singular  forms,  doubtless  in  consequence 
of  exposure ; the  figures  they  assume 
are  various,  but  most  of  them  become 
lengthened  ’ and  pointed  at  the  ends, 
and  then  often  slightly  bent,  not  unlike 
caraway-seeds. 

dhe  red  disks,  when  blood  is  drawn 
from  the  vessels,  sink  in  the  plasma; 
they  have  a singular  tendency  to  run 
together,  and  to  cohere  by  their  broad  sur- 
aces,  so  as  to  form  by  their  aggregation 

themselves  U^e  Piles  or  rouleaus  of  money,  and  the  rolls  or  piles 

Generally  A1(!U  °yet  l<?r  mto  an  irregular  network  (figs.  10  and  11). 
y coipuscles  separate  on  a slight  impulse,  and  they 

tions  byDr^yf3 Addison' TrS«!  ^ P'~481,  For  some  interesting  observa- 

by  immersion  in  ’•  the  curious  effects  produced  on  red  blood-corpuscles 

y immersion  in  sherry-wine,  see  Proceedings  of  the  Royal  Society,  Dec.  8,  1S59. 


Rig.  11. 


Fig.  11. — Red  Corpuscles  col- 
lected into  Rolls  (after  Henle). 
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may  then  unite  again.  The  phenomenon  is  probably  of  a physical 
kind : it  will  take  place  in  blood  that  has  stood  tor  some  hours  after 
it  has  been  drawn,  and  also  when  the  globules  are  immersed  in  serum 
in  place  of  liquor  sanguinis.* 


By  processes,  which,  need  not  here  be  detailed,  Yierordt  and  Welcker  have  esti- 
mated the  number  of  red  corpuscles  in  a cubic  millimetre  of  human  blood.  The 
former  assigns  it  at  upwards  of  5,000,000  ; the  latter  at  5,000,000  in  the  male, 
and  4,500,000  in  the  female. 


Fi*.  12.-Human  Bed  Corpuscles  (A)  and  Blood  Corpuscles  of  the  Frog  (B)  placed 

SIDE  BY  SIDE  TO  SHOW  RELATIVE  SIZE.  500  DIAMETERS. 

1,  shows  their  broad  surface  ; 2,  one  seen  edgeways  ; 3,  shows  the  effect  of  dilute 
acetic  acid  ; the  nucleus  has  become  distinct  (from  Wagner). 


Like  the  mammalian  blood-disks  the  large  corpuscles  of  the  frog  and 
salamander  may  be  described  as  consisting  of  coloured  matter  and 
stroma.  They  differ  from  them  however  m the  possession  of  a more 
solid  particle  of  an  oval  shape  which  lies  imbedded  in  the  stroma.  T . 
has  been  long  known  as  the  “nucleus,”  it  is  rather  more  than  one-th 
the  length  of  the  corpuscle.  In  the  natural  unaltered  condition 
nucleus  is  seldom  visible ; this  is  probably  owing  to  the  extreme 
smoothness  of  its  outline  and  the  fact  that  it  possesses  very  neaiy 
same  index  of  refraction  as  the  rest  of  the  corpuscle  Fm - it  may  be 

rendered  visible,  even  under  such  circumstances,  by  the  ^^daotion 
of  watery  vapour  and  carbonic  acid  upon  the  blood  ; a precipitate  (or 
paraglolmfrn)  is  thus  produced  upon  the  nucleus  and  its  ou  line  com^ 
into  view  ; on  readmission  of  air  the  precipitate  is  le-dissolved,  ana 
the  nucleus  again  disappears  (Strieker). 

The  effect  of  meet  reagents  is  similar  to  that  produced 
Water  causes  both  stroma  and  nucleus  to  swell  up  V V i(l  ;n  all 

part  being  extracted  at  the  same  time.  A °Lmfandlde“ 

indifferent  fluid  also  removes  the  colouring  matter,  b , ,,  eranular 

X,  their  Shape,  the  last-mentioned  “XrXX“hf XX^n 
appearance  (fig.  12,  3)  ; if  strong  acetic  aeidbemp  very 

acquires  a reddish  tint.  Alkalies,  on  the  reagents  added  to  newt's 

rapidly  destroy  both  corpuscle  and  nucleus.  \ a1101-  collected  ffl0und  the 
blood  cause  the  coloured  part  of  the  corpuscles  to 

nucleus,  and  to  be  more  or  less  withdrawn  from  the  stroma  ^ I ^ 

ally  the  case  with  a two  per  cent,  solution  lt  ther  extruded  from 

coloured  matter  and  nucleus  may  subsequently  be  altogctner 

the  body  of  the  corpuscle. 

• For  possible  explanation,  of  this  phenomenon  the  reader  is  referred  to  memoir,  b. 
Lister  (Phil.  Trans.,  1858),  and  Norris  (Proc.  ltoy.  Soc.  180J). 
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Fig.  13. 


Fig.  13.  — Pale  Corpus- 
cles of  Human  Blood  ; 
MAGNIFIED  ABOUT  500 
DIAMETERS. 

Tlie  upper  two  as  seen 
in  the  ordinary  manner  of 
examination  ; the  lower  one 
after  the  action  of  dilute 
acetic  acid,  which  brings 
into  view  the  single  or 
composite  nucleus. 


Pale,  white  or  colourless  Corpuscles  (figs.  10  and  13). — These 
are  comparatively  few  in  number,  of  a rounded  and  slightly  flattened 
figure,  rather  larger  in  man  and  mammalia 
than  the  red  disks,  and  varying  much  less  than 
the  latter  in  size  and  aspect  in  different  animals. 

In  man  (during  health)  the  proportion  of  the 
white  corpuscles  to  the  red  is  about  2 or  3 to 
1000.  This  proportion  is  diminished  by  fasting 
and  increased  after  a meal,  especially  of  albu- 
minous food.  Their  number  compared  with  the 
red  corpuscles  is  said  to  be  greater  in  venous 
than  arterial  blood,  and  much  greater  in  the 
blood  of  the  splenic  and  hepatic  veins  than  in 
venous  blood  generally.  They  are  destitute 
of  colour  and  specifically  lighter  than  the  red 
corpuscles.  In  nature  they  are  in  many  re- 
spects similar  to  the  embryonic  cells  already 
described  (p.  8),  and  they  possess  in  a high 
degree  the  capability  of  undergoing  amoeboid 
movement ; sending  out  processes  (ftg.  10, 
g,  p)  into  which  their  granules  enter  and  re- 
tracting them  again,  and  even  occasionally  performing  extensive 
locomotion.  The  pale  corpuscles  possess  one,  two,  or,  commonly,  three 
nuclei,  which  are  frequently  obscured  by  the  granular  character  of  the 
protoplasm,  but  may  be  brought  into  view  by  dilute  acids  (fig.  13).  Minute, 
round,  clear  spaces  may  often  be  seen  in  the  protoplasm  (fig.  10) ; 
they  are  entirely  free  from  granules,  although  probably  filled  with 
fluid,  and  have  been  named  vacuoles.  They  are  also  met  with  in  the 
embryonic  as  well  as  in  other  protoplasmic  cells.  The  colourless  blood- 
corpuscles  are  commonly  distinguished  into  two  kinds,  according  as 
the  protoplasm  composing  them  is  finely  granular  throughout  (fig. 
10,  p>),  or  contains  a greater  or  less  number  of  coarser  granules, 
strongly  refracting  the  light  (g).  Whether  in  the  latter  case  the 
granules  have  been  formed  from  fluid  matter  within  the  corpuscle, 
or  whether  they  have  not  rather  been  taken  in  from  the  surround- 
ing fluid,  by  the  same  process  as  an  amoeba  takes  in  its  food,  is  at 
present  uncertain  : it  is  however  an  interesting  fact  that  the  pale 
blood-corpuscles  are  peculiarly  apt  to  take  into  their  interior  minute 
solid  particles  that  have  been  introduced  into  the  blood ; this  pro- 
perty has  served  as  a means  of  detecting  escaped  white  corpuscles 
in  tissues  which  are  wholly  extravascular,  the  cornea  for  example 
(Cohnheim). 


Albuminous  granules,  and  molecules  of  a fatty  nature  occur  in  the 
blood  in  varying  numbers  ; sometimes  very  scantily,  or  not  at  all,  but 
le  latter  sometimes  very  abundantly  so  as  to  give  the  serum  a turbid, 
milky  appearance.  These  are  probably  derived  directly  from  the  chyle, 
and  they  are  especially  seen  in  the  blood  of  herbivora,  in  sucking 
animals,  and  in  pregnant  women. 

Gmnular  masses  occasionally  occur  in  drawn  blood,  even  when 
ncen  tiom  a healthy  person,  but  more  especially  in  cachectic  states  of 
e system,  which  on  minute  examination  are  seen  to  be  composed  of 
excessively  fine,  colourless,  discoid  particles.  The  latter  under  favour- 
ajc  COI1ditions  develope  into  vibrating  filaments  which  break  away 
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from  the  mass  and  move  freely  in  the  liquid  (Osier).*  Masses  of  pig- 
mentous  matter  arc  also  occasionally  found,  especially  in  disease  ; and 
in  the  blood  of  the  splenic  vein  cells  enclosing  red  blood-corpuscles 
have  been  noticed  (Ecker,  Kolliker).  Fine  interlacing  filaments  are 
commonly  to  be  seen  in  a preparation  of  blood  under  the  microscope. 
These  consist  of  fibrin,  and  are  formed,  after  the  blood  has  been  drawn, 
in  the  manner  to  be  presently  noticed. 

Liquor  Sanguinis,  or  Plasma. — This  is  the  pale  clear  fluid  in 
which  the  corpuscles  are  naturally  immersed.  Its  great  character  is 
its  strong  tendency  to  coagulate  when  the  blood  is  withdrawn  from  the 
circulating  current,  and  on  this  account  it  is  difficult  to  procure  it  free 
from  the  corpuscles.  Nevertheless,  by  filtering  the  slowly  coagulable 
blood  of  the  frog,  as  was  first  practised  by  J.  Muller,  the  large  corpuscles 
are  retained  by  the  filter,  while  the  liquor  sanguinis’  comes  through  in 
perfectly  clear  and  colourless  drops,  which,  while  yet  clinging  to  the 
funnel,  or  after  they  have  fallen  into  the  recipient,  separate  into  a 
pellucid  glassy  film  of  fibrin,  and  an  equally  transparent  diffluent 
serum.  When  human  blood  is  drawn  in  inflammatory  diseases,  as  well 
as  in  some  other  conditions  of  the  system,  the  red  particles  separate 
from  the  liquor  sanguinis  before  coagulation,  and  leave  the  upper  part 
of  the  liquid  clear.  In  this  case,  however,  the  plasma  is  still  mixed 
with  the  pale  corpuscles,  which,  being  light,  accumulate  at  the  top.  On 
coagulation  taking  place  in  these  circumstances,  the  upper  part  of  the 
clot  remains  free  from  redness,  and  forms  the  well-known  huffy  coat  so 
apt  to  appear  in  inflammatory  blood.  Horse’s  blood  ordinarily  presents 
this  condition  when  drawn. 


The  readiest  way  to  obtain  the  liquor  sanguinis  in  quantity  free  from  red 
corpuscles  is  to  allow  the  blood  of  the  horse  to  flow  from  the  vessels  mto  a 
receiver,  kept  cool  by  means  of  ice  : the  blood  corpuscles  smk  to  the  bottom, 
leaving  the  upper  part' of  the  fluid  clear  and  colourless.  This  may  be  drawn 
off  into  another  vessel  and  is  found  readily  to  coagulate  at  a slight  elevation  of 
temperature.  In  the  case  of  frog’s  blood  this  artificial  cooling  is  not  always 
necessary ; for,  if  it  be  collected  with  as  little  disturbance  as  possible,  e.g.,  if  the 
heart  be  allowed  to  pump  blood  directly  into  a clean  glass  tube,  little  or  no 
coagulation  may  take  place,  so  that  the  corpuscles  rapidly  subside  and  leave  the 
plasma  perfectly  clear  and  colourless.f  In  post  mortem  examinations  the  cavities 
of  the  heart  are  often  found  occupied  by  an  almost  completely  colourless,  gela- 
tinous coagulum.  This  is  due  to  the  subsidence  of  the  corpuscles  after  death. 


Coagulated  plasma,  whether  obtained  from  buffy  blood,  or  exuded  on 
inflamed  surfaces,  presents,  under  the  microscope,  a multitude  o me 
filaments  confusedly  interwoven,  as  in  a piece  of  felt  ; but  these  are 
more  or  less  obscured  by  the  intermixture  of  corpuscles  an  im 
crannies,  the  former  having  all  the  characters  of  the  pale  corpuscles  ot 
the  blood.  The  filaments  are  no  doubt  formed  by  the  fibrin,  as  it 
solidifies  in  the  coagulation  of  the  liquor  sanguinis.  Sometimes,  how- 
ever, fibrin  presents  w hen  coagulated  a gelatinous  appearance  un  ei 

microscope  without  any  sign  of  filaments.. 

Blood  may  be  freed  from  fibrin  by  stirring  it  with  a bundle  ot  twigs, 

which  entangle  the  fibrin  as  it  concretes. 


* Centralblatt  f.  d.  mcd.  Wissensck.  1873.  Proc.  R.  S.,  1374, 
+ Schafer.  British  Association  Reports,  13  m. 
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CHEMICAL  COMPOSITION  OP  THE  BLOOD. 

The  blood  is  slightly  alkaline  in  reaction.  Carbonic  acid,  oxygen, 
and  nitrogen  gases  may  be  extracted  from  it  by  exhaustion  by  means 
of  the  Torricellian  vacuum  aided  by  gentle  warmth.  Carbonic  acid 
is  yielded  in  largest  proportion,  oxygen  next,  and  nitrogen  least.  The 
nitrogen  is  simply  retained  by  absorption,  i.e.,  in  the  same  proportion 
as  by  water  at  the  same  pressure  and  temperature.  The  oxygen  is  held 
by  the  coloured  matter  of  the  red  corpuscles  ; it  may  be  completely  ex- 
pelled from  this  combination  by  means  of  carbonic  oxide  gas  (Bernard). 
The  carbonic  acid,  which  is  obtained  in  larger  proportion  from  serum 
than  from  blood,  is  in  great  part  combined  with  carbonate  of  soda  in  a 
bicarbonate  ; from  this  combination  it  is  set  loose  in  vacuo  if  the  colour- 
ing matter  of  the  blood  is  present.  Arterial  blood  yields  more  oxygen 
and  less  carbonic  acid  than  venous  blood. 

On  being  evaporated,  1000  parts  of  blood  yieid  on  an  average,  about 
790  of  water  and  210  of  solid  residue.  This  residue  has  nearly  the 
same  ultimate  composition  as  flesh.  A comparative  examination  of 
dried  ox-blood  and  dried  flesh  (beef),  by  Playfair  and  Boeckmann  gave 
the  following  mean  result  : — 


Flesh.  Blood. 

Carbon 51-86  5P96 

Hydrogen 7'58  7’25 

Nitrogen 15'03  lo'07 

Oxygen 21‘30  21-30 

Ashes 4’23  4-42 


S.ed  Corpuscles. — The  specific  gravity  of  the  red  corpuscles  in  a 
moist  state  is  calculated  at  1-088.  They  consist,  as  already  stated,  of 
an  insoluble  colourless  stroma,  and  a diffused  red  matter,  which  is 
soluble  and  separable  by  water. 

The  stroma  consists  of  various  substances,  chief  among  which  are 
paragjobulin , cholesterin,  and  a phosphuretted  fat  which  was  named  by 
O.  Liebreich  protagon,  but  which,  as  Hoppe-Seyler  has  shown,  itself 
consists  of  two  distinct  substances — lecithin  and  nenrin. 

If  blood  be  shaken  up  with  ether,  the  fatty  matters  of  the  stroma 
are  dissolved,  and  the  colouring  matter  is  in  this  way  set  free  (Her- 
mann). 

Paraglobulin  will  be  most  conveniently  described  with  the  serum  of 
the  blood,  in  which  it  also  occurs,  and  from  which  it  is  more  readily 
obtainable ; and,  for  a similar  reason,  the  consideration  of  the  other 

two  substances  will  be  deferred  until  the  nervous  system  has  been 
treated  of* 

ihe  soluble  coloured  ingredient  of  the  corpuscles  has  been  named 
aeKioglobin  (cruorin  of  Stokes).  This  substance,  although  crystal- 
lzaoie,  is  mdiffusible,  and,  according  to  Hoppe-Seyler,  contains,  when 
PU1®’  ph  ^0  parts  54-2  of  carbon,  21*5  of  oxygen,  16-0  of  nitrogen, 
7-27  oi  hydrogen,  07  of  sulphur,  and  0*42  of  iron  ; or  C,  3 00,  H960, 

t>  Jlie.  nuc^eus  of  the  nucleated  red  corpuscle  consists  chiefly  of  mucin  (Kiihne,  L. 
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NlS4,  Fc2,  S6,  0354.  It  may  be  obtained  in  quantity  and  tolerably 
pure  by  the  following  method  (Preyer)  : 

Blood  (preferably  from  a dog)  is  drawn  into  a capsule,  and  the  serum  allowed 
to  separate.  The  clot  is  then  taken,  and  after  being  quickly  minced,  is  thrown 
upon  a filter,  and  washed  with  ice-cold  distilled  water  until  the  washings  yield 
but  little  precipitate  with  perchloride  of  mercury.  By  this  process  the  serum, 
with  the  albumin  it  contains,  is  in  great  part  removed,  the  cold  water  taking  up 
but  little  of  the  haemoglobin.  The  latter  is  then  dissolved  out  by  warm  water, 
and  an  amount  of  alcohol,  just  insufficient  to  cause  its  precipitation,  is  added  to 
the  solution.  On  placing  this  in  a freezing  mixture,  a large  part  of  the  haemo- 
globin crystallizes  out. 

The  crystals  of  haemoglobin  present  various  forms  in  different 
animals,  but  almost  all  (the  hexagonal  plates  of  the  squirrel  alone 

being  excepted)  belong  to  the 


Fig.  14.  Blood-Crystals,  magnified.  nised  by  the  double  or  single 

1,  from  human  blood  ; 2,  from  the  guinea-  aksorption  bands,  which  are 
pig  j squirrel ; 4,  hamster.  produced  according  as  it  is 

present  in  the  oxidated  or  deoxidated  condition  * 


Fig.  14. 


rhombic  system.  From  human 
blood  and  that  of  most  mam- 
mals, the  crystals  are  elongated 
prisms  (fig.  14, 1),  but  tetrahe- 
drons in  the  guinea-pig  (2), 
and  short  rhombohedrons  in 
the  hamster  (4).  They  are 
most  readily  obtained  for  mi- 
croscopical examination  from 
the  blood  of  the  rat,  where 
they  appear  merely  on  the 
addition  of  a little  water. 


All  haemoglobin  crystals  con- 
tain a certain  amount  of  water 
of  crystallization  (Kiihne). 
They  are  doubly  refracting 
(anisotropous),  and  the  spec- 
trum of  haemoglobin,  whether 
in  substance  or  in  solution, 
may  be  always  readily  recog- 
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matter  of  blood,  is  produced  by  the  action  of  alkalies  upon  hemoglobin,  and  is 
termed  haimatin..  When  obtained  pure 
this  body  is  insoluble  in  water,  and  also 
in  alcohol  and  ether,  except  in  presence 
of  an  alkali.  Like  hemoglobin,  its  alka- 
line solutions  produce  a different  effect 
upon  the  spectrum  according  as  they  are 
oxidated  or  deoxidated  ; the  absorption 
bands  are,  however,  entirely  different 
from  those  of  hemoglobin.  The  effect  of 
acids  upon  hematin  is  to  separate  the 
iron  and  to  transform  the  substance  into 
Jucmatoin  (acid-hematin),  the  spectrum 
of  which  is  characterised  by  the  presence 
of  four  absorption  bands.  A compound 
of  hematin  with  hydrochloric  acid  ( [hcemin , 

Teichmann)  is  readily  obtained  from 
hemoglobin  by  warming  it  with  a little 
salt  and  glacial  acetic  acid.  On  cooling, 
it  crystallizes  out  in  minute  reddish-brown 
acicular  prisms  (fig.  15),  the  demonstra- 
tion of  which  affords  a positive  proof  Fig.  15. — Hj.min  Crystals,  Magnified 
of  the  presence  of  blood-colouring  matter.  (from  Preyer). 

They  may  readily  be  obtained  from  dried 

blood  without  the  addition  of  salt,  merely  by  warming  it  with  concentrated  acetic 
acid.* 

Inorganic  Constituents  of  the  Red  Corpuscles. — Besides  the 
iron  of  the  haemoglobin,  the  red  corpuscles  contain  a certain  propor- 
tion of  salts,  chiefly  of  potash  and  lime,  combined  with  carbonic  and 
phosphoric  acids.  It  is,  however,  impossible  to  obtain  the  corpuscles 
in  quantity,  sufiiciently  isolated  for  exact  analysis. 

Proportion  of  Red  Corpuscles. — The  red  corpuscles  form  by  far 
the  largest  part  of  the  organic  matter  in  the  blood : their  proportion 
may  be  approximately  ascertained  by  filtering  defibrinated  blood  mixed 
with  solution  of  sulphate  of  soda  ; or  by  weighing  the  dried  clot,  and 
making  allowance  for  the  fibrin  it  contains.  The  latter  method,  how- 
ever, will  serve  only  to  give  a rough  estimate,  as  the  very  uncertain 
amount  of  serum  remaining  in  the  clot  and  affecting  its  weight  cannot 
be  determined.  Prevost  and  Dumas  made  too  large  a deduction  for  the 
solid  matter  supposed  to  belong  to  the  retained  serum,  and  this 
reduced  the  estimate  of  the  dried  corpuscles  too  much,  viz.  to  129  parts 
per  1000  of  blood.  Lecanu  also  gives  it  at  from  120  to  130  : Becquerel 
and  Rodier  at  from  131  to  152.  Schmidt,  from  three  modes  of  cal- 
culation, which  it  is  needless  here  to  explain,  arrived  at  the  conclusion 
that  the  proportion  of  moist  red  corpuscles  in  1000  parts  of  blood  is 
from  480  to  520 ; but  there  are  reasons  for  regarding  this  as  too 
inn\  an  es^ma^e'  Hoppe-Seyler  estimates  the  proportion  at  326  per 


Fig.  15. 


i eient  observers  agree  that,  as  a general  rule,  the  proportion  of  red  particles 
is  giea  ei  m the  blood  of  the  male  sex  than  in  that  of  the  female.  Lecanu  gives 
ie  o ov  mg  mean  result,  derived  from  numerous  analyses,  exhibiting  the  pro- 
poi  ion  o dry  crassamentum  and  water  in  the  blood  of  the  two  sexes.  No 

i , .^0r  .interesting  observations  by  A.  Gamgee  on  tbe  action  of  nitrites  on  kieino- 
yobin,  see  1 hilosophical  Transactions,  1S68,  p.  589. 
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deduction  ia  made  for  tlie  fibrin  ; but,  considering  its  small  relative  quantity,  any 
possible  variation  in  it  cannot  materially  affect  tbe  general  conclusion. 

Male.  Female. 

Crassamentum,  from.  IIS'S  to  148  . . 68‘3  to  129'9 

Water  . . . . 778  to  805  . . 790  to  863 

As  regards  age,  Denis  found  tbe  proportion  of  crassamentum  greatest  between 
tbe  ages  of  30  and  40.  Sudden  loss  of  blood  rapidly  diminishes  it.  In  two 
women  who  bad  suffered  from  uterine  haemorrhage,  the  crassamentum  amounted 
to  only  70  parts  in  1000.  The  same  effect  may  be  observed  to  follow  ordinary 
venesection.  In  a person  bled  three  times  in  one  day,  Lecanu  found  in  the  first 
drawn  blood  139,  and  in  the  last  only  76  parts  of  crassamentum  in  the  1000. 
This  effect  may  be  produced  very  suddenly  after  a bleeding.  Prevost  and.  Dumas 
bled  a cat  from  the  jugular  vein,  and  found  116  parts  of  crassamentum  in  1000, 
but  in  blood  drawn  five  minutes  afterwards,  it  was  reduced  to  93.  The  sudden 
loss  of  blood  probably  causes  a rapid  absorption  of  serous  and  watery  fluid  into 
the  vessels,  and  thus  diminishes  the  relative  amount  of  the  red  particles.  It  is 
found  that  the  blood  of  warm-blooded  animals  is  richer  in  crassamentum  than 
that  of  the  cold-blooded ; and,  among  the  former,  the  proportion  is  highest  in 
the  class  of  birds. 


liquor  Sanguinis,  or  Plasma. — The  fluid  part  of  tlie  blood,  as 
already  described,  separates  spontaneously  into  fibrin  and  serum.  The 
fibrin  may  be  obtained  by  stirring  the  blood  as  soon  as  possible  after  it 
is  drawn  or  by  washing  the  crassamentum  with  water,  to  free  .it  from 
red  matter.  Procured  in  either  of  these  ways,  the.  fibrin  contains  pale 
corpuscles  and  a small  proportion  of  fat.  From  dried  fibrin  oi  healthy 
human  blood,  Nasse  obtained  nearly  five  per  cent,  of  fat,  and  still  more 
from  the  fibrin  of  buffy  blood.  The  proportion  of  fibrin  m the  blood 
does  not  exceed  2b  parts  in  1000  ; indeed,  according  to  the  greater 
number  of  observers,  it  is  not  more  than  24-.  . As  a general  rule,  t le 
quantity  is  somewhat  greater  in  arterial  than  in. venous  blood,  an  m 
is  increased  in  certain  states  of  the  body,  especially  m inflammatory 


diseases  and  in  pregnancy.  . . . . 

Origin  of  Fibrin.  — It  is  now  ascertained  that  the  fibrin  is  not 

present,  as  such,  in  a liquid  form,  in  the  plasma,  but  is  produced 
at  the  moment  of  consolidation  by  the  co-operation . or  combination 
of  two  previously  distinct  substances.  About  thirty,  years  ago, 
A.  Buchanan*  discovered  that  the  fluid  of  hydrocele,  which  might  m 
an  unmixed  state  be  kept  for  an  indefinite  time  without  coa^ilatm 
very  speedily  congealed  and  separated  into  dot  and  sei  urn  when 
mixed  with  a little  blood.  Ordinary  blood-serum,  blood-dot,  especially 
washed  clot,  and  buffy  coat,  even  after  being  dried  and _ ^ eJ  ^ 
when  added  in  small  proportion  to  the  hydrocele-fluid » 
same  effect.  From  these  facts  Buchanan  concluded  that  hbim  exists 
as  a liquid  both  in  hydrocele-fluid  and  m the  liquor  sanguinis,  that 
liquid  fibrin  does  not  coagulate  spontaneously,  but  leqmres  foi  tha 
end  the  influence  of  some  “suitable  reagents,  that  such  a rea  ent  is 
naturally  present  in  the  blood,  and  brings  about  the  so hdifi cation l of  i to 
fibrin  in  the  natural  process  of  coagulation,  and  that  lfc  Js  ^ent  fi  o 
the  hydrocele-fluid,  but  when  supplied  by  the  addition  of  Wood,  causes 
tl  e fluid  fibrin  to  solidify.  On  further  reasoning  on  the  facts  he  had 
observed,  Dr^Buchanan  was  led  to  believe  that  “coagulant  power 


* Proceedings  of  the  Glasgow  Philosophical  Society,  1845. 


CHEMICAL  COMPOSITION. 


29 


vas  mainly  seated  in  the  pale  corpuscles,*  which  abound  in  the  washed 
clot  and  the  buffy  coat,  and  are  present  in  the  serum  ; and  that  their 
efScacy  depended  on  their  organisation  as  elementary  cells.  In  harmony 
with  this  latter  view,  he  found  on  trial  that  the  organised  tissues,  such 
as  muscle,  skin,  and  spinal  marrow,  possessed  the  same  power,  though 
in  a less  degree  than  the  pale  corpuscles,  in  which,  as  primary  cells,  the 
metabolic  power  is  more  energetic. 

The  remarkable  phenomenon  described  by  Buchanan  did  not 
obtain  the  consideration  it  deserved,  and  the  coagulation  of  hydrocele- 
fluid,  under  thfe  conditions  stated,  was  commonly  ascribed  to  some 
catalytic  action  of  the  substance  added,  which  induced  liquid  fibrin 
present  in  the  fluid  to  solidify.  In  1861,  however,  A.  Schmidt,  ot 
Dorpat,  apparently  unaware  of  Buchanan’s  observations,  fell  upon 
facts  of  the  same  kind,  and  pursuing  the  investigation  by  an  elaborate 
series  of  experiments,  not  only  with  hydrocele-fluid,  but  with  peri- 
cardial, peritoneal,  and  other  serous  fluids  and  effusions,  which  give  a 
like  result,  has  satisfactorily  shown  that  fibrin  has  no  existence  in  a 
liquid  state,  but  that  when  it  appears  as  a coagulum  in  a fluid,  it  is 
actually  produced  then  and  there  by  the  union  of  two  constituents 
present  in  solution,  and  forthwith  shed  out  as  a solid  matter.  One  of 
these  constituents  which  contributes  in  largest  measure  to  the  product, 
he  names  fibrinogenous  substance,  the  other  fibrmoplastic  substance.  In 
the  coagulation  of  hydrocele-fluid,  the  former,  or  fibrinogen,  is  already 
there,  while  the  fibrinoplastin  is  supplied  from  the  blood.  It  is  not 
that  the  latter  converts  albumin  into  fibrin,  for,  after  a certain  amount 
of  fibrin  has  been  coagulated  from  the  serous  fluid,  no  further  addition 
will  generate  more,  although  abundance  of  albumin  remains;  and 
again,  a given  quantity  of  fibrinoplastin  will  not  coagulate  with  equal 
rapidity  and  intensity  any  amount  of  fluid  containing  fibrinogen.  In 
short,  the  fibrmoplastic  substance  seems  to  operate  not  by  catalysis, 
but  by  combining  with  the  other  necessary  ingredient.  Now  Schmidt 
has  shown  that  the  fibrmoplastic  matter  presents  all  the  chemical 
characters  of  paraglobulin,  and  is,  in  fact,  nothing  else 'than  that 
substance.  This  paraglobulin  is  not  restricted  to  the  red  corpuscles  ; 
it  is  found  in  the  serum  after  separation  of  the  clot,  and  doubtless 
exists  also  in  the  pale  corpuscles.  Nor  is  it  confined  to  the  blood. 
From  chyle  and  lymph,  and  from  various  organs  and  tissues  of  the 
body,  a substance  may  be  obtained  having  the  same  reactions  and  the 
same  fibrino-plastic  power.  Fibrinogen  may  be  obtained  from  hydro- 
cele-fluid in  the  same  manner  as  paraglobulin  from  blood-serum  {vide 
'infra)-,  it  very  closely  resembles  paraglobulin  in  its  chemical  relations, 
only  it  is  less  soluble  in  acids  and  alkalies,  and  less  energetic  in  all  its 
re-actions.  Of  course,  it  exists  in  blood-plasma,  and  in  the  process  of 
coagulation  of  the  blood  combines  with  paraglobulin  to  form  the  fibrin 
of  the  clot.f 

is  idea  or  one  similar,  has  been  recently  revived  by  Mantegazza,  who  conceives  the 

nn  o be  derived  from  the  pale  corpuscles,  or  at  least  that  their  presence  is  necessary 
lor  coagulation  to  take  place.  Compare  also  Burdon  Sanderson,  Handbook  for  the  Physio- 
logical Laboratory,  p.  173. 

1 qm  Sch:nS’oA1-  ’ ticichert  & Du  Bois  Reymond’s  Archiv  fur  Anat.  u.  Physiol. 
, . ‘lA,  i “•  , *'or  a hicid  account  of  this  subject,  founded  on  a confirmatory  repeti- 
aon  ° mcnanan s and  of  Schmidt’s  fundamental  experiments,  see  an  article  on  “the 

ation  of  the  Blood,”  [by  Dr.  Michael  Foster],  in  the  Natural. History  lieviewfor 
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Serum. — This  is  a thin  and  usually  transparent  liquid,  of  a pale 
yellowish  hue  ; it  is,  however,  sometimes  turbid,  or  milky,  and  this 
turbidity  may  depend  upon  different  conditions,  but  most  commonly  on 
excess  of  fatty  particles.  The  specific  gravity  of  serum  ranges  from 
1-025  to  1-030,  but  is  most  commonly  between  1*027  and  1*028  (Nasse), 
and  is  more  constant  than  that  of  the  blood.  The  solid  contents  of 
the  serum  are  not  more  than  8 or  9 in  100  parts  ; the  proportion  of 
water  being,  for  males  90*88,  and  for  females  91*71.  It  is  always  more 
or  less  alkaline.  When  heated,  it  coagulates,  in  consequence  of  the 
large  quantity  of  albumin  it  contains;  and  after  separation  of  the 
albumin,  a thin  saline  liquid  remains,  sometimes  named  “serosity.” 
The  following  ingredients  are  found  in  the  serum  : — 

Albumin.— This  principle  is  partly  combined  with  soda  as  an 
albuminate  ; its  quantity  may  be  determined  (after  previous  removal  of 
paraglobulin)  by  precipitating  it  in  the  solid  form  by  means  of  heat  or 
alcohol,  washing  with  distilled  water,  drying,  and  weighing  the  mass. 
Its  proportion  is  about  80  in  1000  of  serum,  or  nearly  40  in  1000  of 
blood.  Serum-albumin  differs  from  albumin  obtained  from  white  of 
ecrR  in  the  fact  of  its  not  being  precipitated  by  ether  ; in  other  respects 
it° closely  resembles  that  substance.  Albumin  is  coagulated  and  trans- 
formed into  an  insoluble  variety  by  heat. 

Albumin  is  closely  allied  to  paraglobulin,  fibrinogen,  myosin,  and  many  other 
nitrogenized  substances  met  with  in  the  animal  economy  : they  are  therefore  com- 
monly grouped  together  as  albuminoid  substances,  protein  bodies,  or  proteids. 
Albuminoids  are  characterised  by  their  low  diffusibility  and  their  readiness,  when 
in  solution,  to  take  on  the  solid  condition,  or  to  coagulate.  They  therefore  belong 
to  the  colloid  substances  of  Graham.  They  are  precipitated  from  them  solutions 
by  alcohol,  mineral  acids,  tannic  acid,  corrosive  sublimate,  and  many  other 
metallic  salts.  They  are  all  coloured  yellow  by  nitric  acid,  becoming  red  on 
subsequent  addition  of  ammonia.  Acid  nitrate  of  mercury  produces  a red  colour, 
and  sulphate  of  copper  and  potash  a violet  colour  in  their  solutions.  The  albu- 
minoids all  consist  of  carbon,  hydrogen,  oxygen,  and  nitrogen,  together  with  a 

small  amount  of  sulphur.  ...  , ,,  . 

By  the  action  of  the  gastric  juice  ordinary  albuminoids  are  transformed 

into  an  exceedingly  soluble,  diffusible  variety  termed  pepton. 

Albmnin  combines  with  both  acids  and  alkalies  forming  respectively  acid- 
albumin  or  syntonin,  and  alkali-albumin  or  casein. 


Paraglobulin. — When  serum  is  diluted  with  about  ten  times  its 
bulk  of  distilled  water,  and  subjected  to  a stream  of  carbonic  acid,  the 
liquid  becomes  turbid,  and  paraglobulin  is  precipitated.  It  may  also  be 
obtained  from  the  diluted  serum  by  the  cautious  addition  of  acetic  acid, 
but  the  least  excess  of  acid  will  re-dissolve  the  precipitate.  Faia- 
o-lobulin  is  a protein  compound,  agreeing  very  nearly  with  albumin  m 
elementary  composition,  so  far  as  this  has  been  ascertained.  ara- 
ulobulin  is  nearly  insoluble  in  pure  water,  but  readily  dissolves  on  a 
very  slight  addition  of  either  an  alkali  or  an  acid  Weak  acids  throw 
it  down  from  its  solution  in  alkali,  but  when  added  m slight  excc. 
re-dissolve  it.  In  like  manner  it  is  precipitated  by  alkalies  from  it  & 
solutions  in  acids  and  re-dissolved  by  excess.  From  neither  of  t 
solutions  is  it  thrown  down  by  heat.  It  is  dissolved  by  neutral  s 
and  from  this  solution  heat  throws  it  down  m an  insoluble  precipi  ^ • 
From  its  slightly  alkaline  solution  in  water  it  is  thrown  down  _ J < 
stream  of  carbonic  acid,  and  may  be  re-dissolved  by  passing  air 
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oxygen  through  the  liquid.  Its  precipitate  is  distinguished  from  that 
of  other  albuminoids  by  being  always  in  form  of  fine  granules  or 
molecules.  But  the  most  important  and  distinctive  character  of  para- 
globulin  is  its  fibrino-plastic  property,  already  referred  to,  by  which  it 
co-operates  with  fibrinogen  in  producing  solid  fibrin ; this  property  is 
destroyed  by  exposure  of  the  solution  to  a boiling  heat. 

Paraglobulin  is  almost  identical  in  chemical  nature  and  composition  with  the 
substance  which  composes  the  crystalline  lens,  and  which  was  named  by  Berzelius 
globulin.  The  latter  substance,  however,  besides  exhibiting  minor  differences,  does 
not  possess  the  fibrino-plastic  power  ; they  have  therefore  been  separately  distin- 
guished by  Kfihne.  Like  haemoglobin,  paraglobulin  is  diffusible  through  animal 
membranes,  not  through  vegetable  parchment.  Fibrinogen,  on  the  other  hand, 
is  totally  indiffusible.  Both  paraglobulin  and  fibrinogen  may  be  precipitated 
from  then  solutions  by  the  addition  of  common  salt  to  saturation. 

A substance  similar  to  myosin  has  also  been  described  as  occurring  in  blood- 
serum  (Heynsius). 


Fatty  Compounds. — A small  amount  of  fat  is  contained  in  the 
serum,  partly  dissolved,  and  partly  diffused  in  the  liquid.  It  may  be 
separated  by  gently  agitating  the  serum  with  about  a third  of  its  bulk 
of  ether,  or  by  evaporating  the  serum  and  digesting  the  dry  residue 
in  ether,  or  in  boiling  alcohol.  The  turbid  milky  aspect  which  serum 
often  exhibits,  is  in  most  cases  due  to  a redundance  of  fat,  and  may 
accordingly  be  removed  by  agitation  with  ether. 


Extractive  Matters. — When  the  serum  has  been  freed  from  albu- 
minous matter  by  coagulation,  and  from  fat  by  ether,  and  is  evaporated 
to  dryness,  a yellowish  or  brown  mass  remains,  consisting  of  organic 
matters  mixed  with  salts ; the  former  belonging  principally  to  the  ill- 
defined  class  of  substances  denominated  “ extractive  matters.”  These 
have  now  been  more  carefully  sifted,  and  have  yielded  several  definite- 
and  recognisable  bodies,  generated  in  the  natural  process  of  decomposi- 
tion of  the  tissues,  or  residual  matters  of  nutrition  formed  in  the  blood 
itself,  and  on  their  way  to  be  excreted  by  the  kidneys.  Several  of  the 
substances  to  be  next  mentioned  belong  to  this  class,  and  as  they  are 
obviously  excrementitial  and  transitory  ingredients,  they  are  not  allowed 
to  gather  m any  notable  quantity  in  the  healthy  state  of  the  economy. 

Creatm  and  Crecitinin. — Products  of  the  natural  “wear”  of  tlie 
muscles,  or  derived  from  fleshy  food.  These  compounds,  w’hich  are 
tound  m muscular  substances  and  in  the  urine,  together  with  Impox- 
mthin  (also  named  sarlcin),  obtainable  from  the  same  sources,  have'  been 
stated  to  exist  in  excessively  small  quantities  in  the  blood. 

n * m,~This  substance,  which  accumulates  in  the  blood  of  animals 
alter  extirpation  of  the  kidneys  or  ligature  of  the  renal  arteries,  as  well 
Lonifi  Ce1l1fca1^  diseases,  has  been  found  in  very  minute  quantity  in  the 
in  Huu  1°°^  ^e  an(l  of  the  calf,  by  Marchand  and  Simon,  and 
snob  pi  °f  rna1n’  by  Lehmann,  Garrod,  and  others.  It  is,  however,  in 
great  difficulty 7 ^ quautlt^  that  its  estimation  is  attended  with 

tha^nf  haS  beln  shown  t0  exist  in  healthy  blood  by  Garrod,  and  in 

as  to  bo  ron<Fi^  ^T°m  ^0ut  ^ h1  such  considerable  quantity 

Hnmvrir  a y fleeted.  . In  health  its  proportion  is  extremely  small, 
some  nbsorvm^  .18^°unc^  m the  blood  of  herbivora,  and,  according  to 
this  point  8>  m ^ bat  ob  man*  hhere  is,  however,  much  doubc  upon 
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Lcucin  and  Tyrosin,  which  exist  in  almost  all  secretions  and  excre- 
tions, probably  are  present  in  minute  quantity  in  the  blood ; but  as  yet 
they  have  only  been  detected  in  it  in  disease  of  the  liver. 

Sugar  has  been  found  in  the  blood  of  dogs,  oxen,  and  cats,  also  in 
that  of  diseased  and  healthy  persons.  The  quantity  is  very  small.  The 
form  of  sugar  is  that  known  as  glucose  or  grape  sugar. 

Colouring  and  Odoriferous  Matters. — The  yellowish  colour  and  peculiar 
faint  odour  which  serum  possesses  are  probably  dependent  upon  the 
presence  of  certain  definite  principles.  No  one  has,  however,  as  yet 
succeeded  in  isolating  them.  The  odour  of  the  blobd  is  said  to  be  of 
peculiar  character  in  each  species  of  animal,  and  to  be  heightened  by 
the  addition  of  sulphuric  acid.  Schmidt  found,  however,  that  the  blood 
of  onlv  three  animals  yielded  an  odour  distinctive  of  the  species. 

Saits. — 1.  Having  soda  and  potash  as  bases,  combined  with  lactic, 
carbonic,  phosphoric,  sulphuric,  and  fatty  acids.  Also  chlorides  of 
sodium  and  potassium,  the  former  in  large  proportion.  Schmidt  has 
pointed  out  that  the  potash-salts  exist  almost  exclusively  in  the  blood- 
corpuscles  and  the  soda  salts  principally  in  the  serum.  In  the  cor- 
puscles there  are  principally  chloride  of  potassium  and  phosphate  of 
potash  : in  the  serum,  chloride  of  sodium  and  phosphate  of  soda,  lhe 
following  table  (giving  the  mean  of  eight  experiments)  exhibits  the 
relative  quantities  of  potassium  and  sodium,  and  of  phosphoric  acid  and 
chlorine,  in  the  blood-corpuscles  and  plasma. 

100  parts  of  Inorganic  Matters. 


Blood-  C 
K. 

vjiusclcs. 

Na. 

Pla 

K. 

svia. 

Na. 

Blood-  C 

po5. 

wpuscles. 

Cl. 

Pla 

P05. 

mu. 

Cl. 

40-89 

9-71 

5-19 

37-74 

17-64 

21-00 

6-08 

40-68 

The  table  shows  that  the  chlorides  are,  relatively  to  me 
larner  qnantity  in  the  plasma  than  in  the  blood-corpuscles  ; and  that  the  phos- 
IE,  are,  relatively  to  the  chlorides,  in  much  larger  proportion  in  the  blood- 
corpuscles  than  in  the  plasma. 

2 Lactate  of  ammonia.  3.  Salts  with  earthy  bases  viz.,  lime  and 
magnesia,  with  phosphoric,  carbonic,  and  sulphuric  acids. 

Tie  earthy  salts  are  tor  the  naost  ^ 

with  the  crassamentum.  As  they  are  oDtame  y , f i iJV  oxida_ 

pected  that  the  phosphoric  “ f ouSt 

tion  of  the  phosphorus  and  sulphur  of  the  oiganic  coi  P 

1000  parts  of  blood  4 to  7 of  a^alj?°’ ! 8434  per  cent,  of  oxide  of  iron, 
The  ashes  of  blood  yield,  accoidmg  to  JaiL.cn,  » i 

or  about  '0948  parts  in  100  of  blood. 

the  mean^omposi^n'of  V^ous^blo^Oior^  fonikhed^ j 

Hoppe-Seyler  : 

In  1000  parts  of  blood— 

* „ . . 326-2 

Corpuscles  • • • • 070*8 

Plasma 
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In  1000  parts  of  corpuscles — 

Water 565-0 

Solids  ........  435-0 


In  1000  parts  of  plasma — 

Water 


Solids . 


008-4 


01-6; 


Fibrin  . 

9-2 

Albumin 

70-5 

Fats  . 

1-0 

Extractives  . 

3-6 

Soluble  salts 

5-8 

Insoluble  salts 

1-5 

Scherer  and  Otte  give  the  following  as  the  composition  of  human 
venous  blood  : — 

In  100  parts  of  blood — 


Water 


Solid  matters 


79-05 


C Fibrin  . 

0-2 

| Albuminoids  (with 
20’95~(  Haemoglobin) 

19-44 

Extractives 

•48 

_ Soluble  salts. 

•83 

The  serum  of  the  same  blood  yielded  in  100  parts- 

Water  ........ 

Albumin  .... 

Extractives  .... 

Soluble  salts. 


90-66 

7-76 

0.51 

094 


Difference  between  Arterial  and  Venous  Blood.— By  arterial  blood  is  meant 
that  winch  is  contained  in  the  aorta  and  its  branches  (systemic  arteries),  in  the 
pulmonary  veins  and  in  the  left  cavities  of  the  heart ; the  venous  blood  is  that  of 
t le  veins  generally,  the  pulmonary  arteries,  and  right  cavities  of  the  heart.  Their 
differences  apart  from  their  functional  effects  in  the  living  body,  come  under 
xhe  heads  of  colour  and  composition. 

Art1?,1'ial  blood’  as  already  stated,  is  scarlet,  venous  blood  dark,  or 
purple.  Venous  blood  assumes  the  scarlet  colour  on  exposure  to  ah-  i e to 

and  mav  h promoted  **  the  saline  matter  of  the  'scrum, 

boLrt  nfbnrJCCueratedr by  addm^  salts  or  Bagax  to  the  blood,  especiaBy  by  car- 

exnosure  ’ °r  °f  ^ and  bynitre-  Salts  added  to  daaL  blood,  without 

Shtnes^toTwS  T'  C?le1  ltJt°  aSSUme  a red  colom'’  but  not  equal  in 
brightness  to  that  of  arterial  blood.  On  the  other  hand,  the  addition  of  a 

former  case  ‘Wwnf  u bl°°d'  Accordin?  to  Stokes-  the  corpuscles  in  the 
mei  case  lose  water  by  exosmosis,  and  become  thereby  hmhlv  refractive  in 

reflexi011  takes  place  itS  common  ^ 
tdosmoS  E I"'  +TT0Un?ing  fluid'  In  tbe  latte1’ case  ^y  gain  water  by 
fluid  in  which  h“S  t?6-ir  1?fra^tlve  Power  more  nearly  equal  to  that  of  the 
But  the  mV  V* 16  c°otained,  and  the  reflexion  is  consequently  diminished  ”* 

^ iS  n0t  “wiispensable  to  the  Sght- 
redde&;S  on  exno^etn  L when  washed  free  from  serum  scarcely  if  at  all 

out  of  the  clot  and  l ' ^ ^ xS  iound  the  red  matter  when  squeezed 

exposurelo tJyZ  whd° becomes  tighter  and  cleier  on 
turbid  from  denositi™  nfLt  th?  1G°1loi\1’  13  daikened  (and  the  solution  becomes 
in  this  case  the  cohiurina^m^  ° ndm)’  on  being  shaken  with  carbonic  acid.  As 
dened  by  oxygen  withonAh1^^  1S  ext^acted  from  thc  corpuscles  and  is  red- 
colour  of  arterial  and  vmn  ° pre‘sence  °^.saks,  ^ is  plain  that  the  difference  of 
figure  or  density  of  tb,.  ’ ?°d  essentially  depends,  not  on  a difference  in  the 
density  of  the  corpuscles,  but  on  the  alteration  produced  in  the  eolour- 


vol.  ir. 


Troc.  Royal  Soc.,  vol.  xiii.  p.  362. 
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ing  substar.ce  by  oxidation  and  deoxidation,  which  alters  its  absorptive  effect  on 

the  light.  „ , . T,  • 

Viewed  in  thin  layers  by  transmitted  light,  venous  blood  appears  green.  It  is, 

therefore,  dichroitic.  .„  . . 

2.  Composition.  The  arterial  blood,  so  far  as  is  known,  is  uniform  in  nature 
throughout ; but  in  passing  through  the  capillary  vessels  into  the  veins,  whilst  1 
generally  acquires  the  -common  characters  of  venous  blood,  it  undergoes  specia 
Sange/m  its  passage  through  particular  organa,  so  that  tin .blood lot 
not  alike  in  quality.  Thus  the  blood  of  the  hepatic  veins  differs  from  that  of  the 
portal  vein,  and  both  are  in  various  respects  different  from  what  migh 
regarded  as  the  common  venous  blood,  which  is  conveyed  by  the  veins  of  the 
limbs,  and  of  the  muscular  and  cutaneous  parts  of  the  body  generally.  Moreove  , 
Bernard  has  shown  that  the  blood  of  veins  returning  from  secreting  glands  differs 
according  to  the  state  of  functional  activity  of  the  organs.  Whilst  their  function 
is  in  abeyance  the  blood  in  their  veins  is  dark,  as  usual,  but  when  secretion  is 
active  the  blood,  which  then  also  flows  much  more  freely  and  abundantly,  comes 
through  from  the  arteries  to  the  veins  with  very  little,  if  any,  reduction  of  its 
arterial  brightness  : it  also  retains  nearly  the  whole  of  its  separable  oxygen.  _ 
Compared  with  blood  from  a cutaneous  vein,  arterial  blood  is  found  to  contain 
a very  httle  more  water  (about  five  parts  in  1000)  and  to  have  a somewhat  lower 
specific  gravity.  The  arterial  plasma  yields  more  fibrin  and  coagulates  mo 
auickly  • the  serum  was  said  by  Lehmann  to  contain  less  albumin  and  less  f , 
Tt  more  extractive  and  a little  more  saline  matter.  Arterial  blood  yields  more 
o-en  o-as  and  less  of  both  free  and  combined  carbonic  acid.  _ 

^ mod  of  the  portal  vein , compared  with  that  of  the  jugular  vem  was  stated  by 
LeSi  to  oCiin  more  water  in  proportion  to  solid  matter,  less  fitarn  and 
atonnta  more lat,  extractive  matter  and  salt.  The  pale  corpuscles  are  vastly 

gto  Lehmann's  statement,  is  richer  m 

"g;  S rS^fr  s^Tby^ard  and  Br„wnf  gnard  not  » 
coWate  in  the  normal  state  of  the  kidney  and  its  function  : on  ferial  however, 
we  find  that  as  regards  coagulation  it  behaves  like  ordinary  venous  bloo  . 


COAGULATION  OF  THE  BLOOD. 

In  explaining  tlie  constitution  of  the  plasma,  we  have  been  obliged 

of  the  vessel  becomes  solid, 
of  the  blood  m contact  wit  about  eight  or  nine  minutes 

then  speedily  the  who  e maaB  ; so Uha ^in  abo  » Msei  At  about 

after  being  drawn,  the  blood  ^ ° later  the  jelly-like  mass 

fifteen  or  twenty  minutes,  or  i n ,i  yegse]  and  the  serum  to 

begins  to  shrink  away  from  be  sides  o ^tmCt  and  the  serum  to  escape 

exude  from  it.  The  clot  — “ ‘^tf  the  extraction  varying 
for  several  hours,  the  rapidity  and  de  be  poured  off,  more 

as*  tax  » A - ” ■ f«  “ * - 
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liquor  sanguinis,  the  fibrin  being  generated  in  that  liquid  by  the  concurrence  of 
its  two  constituents  in  the  way  already  explained,  and  separating  in  form  of  a 
solid  mass,  which  involves  the  corpuscles  but  allows  the  serum  to  escape  from  it 
in  greater  or  less  quantity.  But  although  the  solidification  of  the  fibrin  and 
formation  of  a red  clot  would  undoubtedly  take  place  independently  of  any 
mechanical  co-operation  on  the  part  of  the  corpuscles,  still  it  must  not  be  for- 
gotten that  the  red  disks  are  not  altogether  indifferent  while  coagulation  goes  on  • 
for  they  run  together  into  rolls,  as  already  described,  and  the  circumstance  of 
them  doing  so  with  greater  or  with  less  promptitude  materially  affects  the  result 
of  the  coagulating  process.  Thus  there  seems  good  reason  to  believe  that,  as  H. 
Nasse  pointed  out,  one  of  the  causes — and  in  inflammatory  blood  probably  the 
chief  cause  of  the  production  of  the  buffy  coat,  is  an  exaltation  of  the  natural 
tendency  of  the  red  disks  to  run  together,  whereby  being  more  promptly  and  more 
closely  aggregated  into  compact  masses,  they  more  speedily  subside  through  the 
liquid  plasma,  leaving  the  upper  part  of  it  colourless  by  the  time  coagulation 
sets  inland  Wharton  Jones  has  drawn  attention  to  what  he  conceives  to  be 
another  influential  circumstance  depending  likewise  on  the  corpuscles,  in  inflam- 
matory blood,  namely,  the  more  rapid  and  close  shrinking  of  the  network  or 
spongework  as  he  terms  it,  into  which  the  little  rolls  of  corpuscles  unite,  and  the 
consequent  expulsion  of ! the  great  part  of  the  liquor  sanguinis  from  its  meshes 
befoie  the  fibrin  solidifies,  in  which  case  the  mass  of  aggregated  corpuscles 

IWhrtr  ^ ^ lTr  Part  °f  thG  vesse1’ wMlst  the  expressed  plasma  being 

lighter,  accumulates  at  the  top.  Of  course  it  is  not  meant  to  deny  that  more 

taidy  coagulation  of  the  plasma  would  produce  the  same  result  as  more  speedy 

ggregation  of  the  corpuscles ; it  is  well  known,  indeed,  that  blood  may  be  made 

is  not  neces^fl  °°f  ^ ?S  coaffulation,  but  luffed  inflammatory  blood 

is  not  necessaiily  slow  in  coagulating*. 

retaSTSonHiWS  affecti»&  ' Coagulat ion.-Various  causes  accelerate, 
WHI  w !y-P?Vent  ?he  coaSulatl°n  Of  the  blood;  of  these  it 
l m ® ffic,e  to  m^ate  the  more  important  and  best  ascertained. 

, • temperature.  Cold  delays,  and  at  or  below  40  decrees  Fahr. 
oily  suspends  coagulation  ; but  even  frozen  blood  when  thawed 

abov  "that  of 1 WdU  C°agU!ate-  M“  elevation  o^ temperature 
abot  e that  of  the  body  promotes  coagulation.  1 

f,  Coagulation  is  accelerated  by  contact  of  the  blood  with  forpicm 

matter,  such  as  the  sides  of  the  basin  or  other  vessel  into  which  it^is 

b/Xt0n  th?,0the1’  hand’  the  maintenance  of  its  fluidity  is  favoured 
by  retention  within  its  vessels  or  natural  receptacles  where  it  is  in 

bubbling  of  the  blood  from5  owm°  agitation  caused  by  the 

and  more  of  it  is  suoppssivpl^b^^f/^kk6^^  £ase?>  whereby  more 
the  vessel.  y bi  ought  into  contact  with  the  sides  of 

coagulation,  probably" Iky  ihe  body  is  said  to  favour 

both  destructive  an/rprmv  r Df  ose  p erp ctual  changes  of  material, 
rapid  course  ^ ^ tch  is  nafcurall7  subject  in  its 

blood  after  death  is  also  i5S  w i^  ie  c°agulation  of  the  stagnant 

ensuing  in  the  coats  of  tbp  )e  asci*ibed  to  the  alteration  then 

coats  ol  the  containing  vessels.  Lister  found  that,  after 
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death,  blood  remains  longer  fluid  in  the  small  veins  than  in  the  heart 
and  great  vessels  ; and  even  in  these  the  coagulation  is  usually  slow. 
Agitation  of  exposed  blood  accelerates  coagulation  by  increasing  its  ex- 

^portion  not  exceeding  twice  the  balk  of  the  blood, 
hastens  coagulation  ; a larger  quantity  retards  it  Blood  also ^ coagu- 
lates more  speedily  when  the  serum  is  of  low  specific  giavity,  indicative 

of  much  water  in  proportion  to  the  saline  ingi  edien  s.  ,• 

5 Almost  every  substance  that  has  been  tried,  except  the  caustic 
alkalies  when  added  to  the  blood  in  minute  proportion , hastens  its 
coagulation  ; although  many  of  the  same  substances^  when 
it  in  somewhat  larger  quantity,  have  an  opposite  effect,  ihe  salts  ot 
the  alkalies  and  earths,  added  in  the  proportion  of  two  or  three  per  cent, 
and  upwards,  retard,  and,  when  above  a certain  quantity,  suspend  o 
prevent  coagulation  ; but,  though  the  process  be  thus  suspended,  it 
speedily  ensues  on  diluting  the  mixture  with  water.  Caustic  potash  and 
soda  permanently  destroy  the  coagulability  of  the  blood.  Acids  delay 

the  system.  — Faintness  occasioned  by  loss  of 
blood  favours  coagulation  ; states  of  excitement  are  said  to  have,  thong  i 
not^ ^invSly!  the  opposite  effect.  Impeded  aeration  of  the  blood  m 
disease  or  in  suffocative  modes  of  death,  makes  it  slow  to  coagulate  , 

I'  l lv  from  retention  of  carbonic  acid.  In  cold-blooded  amma  s, 

1 d w f Aenlation  and  low  respiration,  the  blood  coagulates  less 
^warm-blooded  ;U  among  the  latter,  the  tendency 
of^the  mood  to  coagulate  is  strongest  in  birds,  winch  hare  the  greatest 

^^C^oa^ulatio^^omm^^1  ea^ierfand^  somicr  completed,  ^ 
than  in  venous  blood,  ffasse  states  that  womens  blood  begms  to 

coagulates6  ^'ckly,  the  clot  is  more  bulky 

have  supposed  to  occur. 

Theory  of  Coanutation.-Although  it 

blood  consista  m solidification  « ■ Ataattafof  tivo  primarily  separate 

established  that  this  is  the  result  ot  the  btood  how  pnch  combination  and 
animal  principles,  it  is  by  no  means  clea  y living  body,  and  how  the 

solidification  do  not  naturally  take  process  operate  in 

several  conditions  already  mentioned  as  mfiuencm0 

promoting  or  opposing  coagulation  } the  game  as  that  entertained 

According  to  one  view,  which  is  4ts,  and  which  has  been  advo- 

by  John  Hunter  and  some  other  Britis  P7  » coagulate  ; or,  if  we  may  use 

cated  by  Briicke,*  the  blood  has  a natural  tende  y and  fibrinogen 

the  language  suggested  by  .^r is  held  in  check  by  some 
naturally  tend  to  combine  ; withm  the p^dthbyttlie  coats  of  the  vessels  and  the 
inhibitory  or  restraining  influence  exercised  by^t^  .g  with(lrawn  fr0m  its 

living  tissues  in  contact  with  the  blood  , intrinsic  disposition  to  coagn- 

natural  receptacles,  or  if  these  lose  their  Am  time  it  is  not 

late  being  no  longer  opposed,  is  allowed  to  prevail. 

* British  ami  Foreign  Medico-Chimigical  Review,  vol.  u>.  • 
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Inconsistent  with  this  theory  to  admit  the  positive  efficacy  of  contact  with  foreign 
or  dead  matter  in  promoting  coagulation.  Lister,*  on  the  other  hand,  considers 
that  the  blood  has  no  spontaneous  tendency  to  coagulate,  either  within  or  without 
the  vessels,  but  that  the  coagulation  is  brought  about  in  drawn  blood  by  contact 
with  foreign  matter.  Accepting  the  conclusion  of  Schmidt,  that  para-globulin 
and  fibrinogen  are  necessary  to  the  evolution  of  fibrin,  he  thinks  that,  if  these 
bodies  unite  in  ordinary  chemical  combination,  the  action  of  foreign  matter  may 
determine  them  union,  as  spongy  platinum  promotes  the  combination  of  oxygen 
and  hydrogen.  He  considers  that  the  living  vessels  do  not  exert  any  action  to 
prevent  coagulation,  but  that  their  peculiarity,  as  distinguished  from  an  ordinary 
solid,  consists  in  the  remarkable  circumstance  that  their  lining  membrane,  in  a 
state  of  health,  is  wholly  negative  in  its  relation  to  coagulation,  and  does  not 
cause  that  molecular  disturbance,  so  to  speak,  which  is  produced  in  the  blood  by 
all  ordinary  matter.  When  the  vessels  lose  their  peculiar  property  by  death,  or 
become  seriously  altered  by  disease  or  injury,  their  contact  with  the  blood  in- 
duces coagulation  like  that  of  an  extraneous  body.  More  recently.  Schmidtf  has 
himself  come  to  the  conclusion  that  the  union  of  para-globulin  and  fibrinogen  to 
form  fibrin  is  determined  by  the  presence  of  a third  substance,  which,  however, 
does  not  itself  take  part  in  the  combination  and  which  he  has  consequently 
named  the  fibrin-ferment.  This  substance  he  believes  to  be  not  preformed  in  the 
blood,  but  to  become  formed  immediately  after  the  -withdrawal  of  that  fluid  from 
the  body.  Other  substances  also,  according  to  Schmidt,  possess  the  property  of  in- 
ducing the  union  of  para-globulin  and  fibrinogen,  amongst  them  being  the  colouring 
matter  of  the  blood, J charcoal,  spongy  platinum,  asbestos,  animal  ferments,  &c. ; 
more  especially  those  which  are  able  to  decompose  peroxide  of  hydrogen.  Schmidt 
considers  the  action  of  these  substances  to  be  purely  one  of  contact ; in  this 
respect  it  will  be  seen  he  has  adopted  Lister's  view.  Finally,  it  may  be  observed, 
that  in  any  attempted  explanation  of  the  coagulation  of  the  blood,  it  is  well  to 
bear  in  mind  that  there  is  a purely  physical  or  chemical  phenomenon,  which  as 
suggested  by  Graham,  has  a certain  analogy  to  it,  namely  the  change  from  the 
liquid  to  the  insoluble  state  so  easily  induced  in  colloidal  matter  by  slight  external 
causes.  ° 


THE  LYMPH  AND  CHYLE. 

A transparent  and  nearly  colourless  fluid,  named  “ lymph  ” is  con- 
veyed into  the  blood  by  a set  of  vessels  distinct  from  those  of  the 
sanguiferous  system.  These  vessels,  which  are  named  “ lymphatics  ” 
Irom  the  nature  of  their  contents,  and  « absorbents,”  on  account  of 
their  reputed  office,  take  their  rise  in  nearly  all  parts  of  the  body  and 
after  a longer  or  shorter  course,  discharge  themselves  into  the  ’great 
veins  of  the  neck ; the  greater  number  of  them  previously  ioinino-  into 
a mam  trunk,  named  the  thoracic  duct,— a long  narrow  vessel  which 
rises  up  in  front  of  the  vertebra*  and  opens  intone  veins  on  the  left 

ilm°f  hG  the  migle  °*  union  of  the  subclavian  and  internal 

jugular , whilst  the  remaining  lymphatics  terminate  in  the  correspond- 

eafrvnnn0f  the  f-f VSlde;  ThVbsorbents  of  the  small  intestine 
the  tond  P T G hiqUld’  ‘<Chyle’”  which  the7  absorb  from 

the  mill ? “ Tfff  alonS  th,r  alimentary  canal ; and,  on  account  of 

vessels  ”y  S °f  theV:  contents,  they  have  been  called  the  “ lacteal 
vemlmhevS tw  ^fcm§ulshl?S  tbe^  vessels  by  name,  it  must  be 

naTum  o? it  t i *ey ' the  resfc  of  the  absorbents  only  in  the 
toe  of  the  matters  which  they  convey;  and  that  this  difference  holds 

Roya?  Society^'vol^xii11 1°/  ’’  the  Cr°°nian  Lecture  for  1863. -Proceedings  of  the 

I Lfluger’s  Archiv.  vh"  1872. 

has  bcen'^  faCt’  b?  interesting  to  mention  that,  if  blood  which 

«*  — * 
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good  only  'while  digestion  is  going  on  ; for  at  other  times  the  lacteals 
contain  a clear  fluid,  not  to  be  distinguished  from  lymph.  The  lacteals 
enter  the  commencement  of  the  thoracic  duct,  and  the  chyle,  mingling 
with  the  lymph  derived  from  the  lower  part  of  the  body,  is  conveyed 
along  that  canal  into  the  blood.  Both  lacteals  and  lymphatics,  in  pro- 
ceeding to  their  destination,  pass  into  and  out  of  certain  small,  solid, 
and  vascular  bodies,  named  lymphatic  glands,  which  have  a special 
structure  and  internal  arrangement,  as  will  be  afterwards  described  ; 
so  that  both  the  chyle  and  lympli  are  sent  through  these  glands 

before  being  mixed  with  the  blood.  > . „ 

Thus  much  having  been  explained  to  render  intelligible  what  follows, 
we  may  now  consider  the  lymph  and  the  chyle,  which,  as  will  be  seen, 

are  intimately  related  to  the  blood. 

The  lymph  may  be  procured  free  from  admixture  of  chyle,  and  in 
quantity  sufficient  for  examination,  from  the  larger  lymphatic  vessels 
of  the  horse  or  ass.  It  may  also  be  obtained  by  opening  the  thoracic 
duct  of  an  animal  that  has  fasted  for  some  time  before  being  lulled. 
It  is  a thin  fluid,  transparent  and  colourless,  or  occasionally  of  a pale 
yellow  hue  ; its  taste  is  saline,  its  smell  faint  and  scarcely  perceptible, 
and  its  reaction  alkaline.  Sometimes  the  lymph  has  a decided  red  tint, 
of  greater  or  less  depth,  which  becomes  brighter  on  exposure  to  the  air 
Tins  redness  is  due  to  the  presence  of  coloured  corpuscles,  like  those  of 
the  blood  : and  it  has  been  sometimes  supposed,  that  such  corpuscles 
exist  naturally  in  the  lymph,  in  greater  or  less  quantity  ; but  they  are 
more  probably  introduced  into  the  lymphatic  vessels  accidentally.  It 
can  in  fact,  be  shown,  that  when  an  incision  is  made  into  a part,  the 
blood  very  readily  enters  the  lymphatics  which  are  laid  open,  and  passes 
alon«-  into  larger  trunks  ; and  in  this  way  blood  is  conveyed  into  the 
thoracic  duct,  or  any  other  large  vessel,  exposed  as  usual  by  incision 
immediately  after  the  animal  is  killed.  Indeed,  mere  rough  handling 
of  some  organs,  such  as  the  liver  and  spleen,  will  rupture  the  fine  vessels 
and  cause  the  contents  of  the  issuing  lymphatics  speedily  to  become  led 

fl  The  1 y ra^ph!  when  examined  with  the  microscope,  is  seen  to  consist  of 
a clear  liquid,  with  corpuscles  floating  in  it.  These  lympfficoi pus- 
hes’’or  lymph-globules,  agree  entirely  in  their  characters  with  the 
mle  corpusdes  of  the  blood,  which  have  been  already  described 
fmo-e  23)  It  is  alleged  that  some  of  the  lymph  corpuscles  have  a 
yellowish  tint.  Occasionally,  smaller  particles  are  found  m the  lymph  ; 
lun  but  more  rarely,  a few  oil  globules  of  various  sizes,  as  well  as  led 

blood-corpuscles,  the  presence  of  which  has  in  its 

mup  mrt  (Ivmph-plasma)  bears  a strong  resem ounce  in 

physi  alTnd  chemical  constitution  to  the  plasma  of  the  b ood ; and 

accordingly , lymph  frcsh-chawn  from  \his 

Constituents  of  the  iihrin 


nhano-p  IS  OWing  10  MIC  COI11  uuicuavn  vt  , n +1 

contained  in  tlm  lymph-plasma,  and  in 

puscles  are  entangled in the  coagulm  • alb’umitli  extractive 

SorsffSy  matters  in  very  sparing 

%££  £ stau  i JU » - 

lymphatic  glands. 
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Human  lymph  has  been  obtained  fresh  from  the  living  body  in 
several  instances,  from  lymphatic  vessels,  opened  by  wounds  or  other 
causes.  It  has  been  found  to  agree  in  all  material  points  with  the 
lymph  of  quadrupeds. 

The  chyle  of  man  and  mammiferous  animals  is  an  opaque,  white 
fluid,  like  milk,  with  a faint  odour  and  saltish  taste,  slightly  alkaline 
or  altogether  neutral  in  its  reaction.  It  has  often  a decided  red  tint, 
especially  when  taken  from  the  thoracic  duct.  This  colour,  which  is 
heightened  by  exposure  to  air,  is  doubtless  generally  due  to  the  presence 
of  blood-corpuscles,  and  may  be  explained  in  the  same  way  as  the 
occasional  red  colour  of  lymph. 

Like  blood  and  lymph,  both  of  which  fluids  it  greatly  resembles 
in  constitution,  the  chyle  consists  of  a liquid  holding  small  parti- 
cles in  suspension.  These  particles  are,  1.  Corpuscles , precisely 
like  the  lymph  and  pale  blood-corpuscles  already  described.  2. 
Molecules,  of  almost  immeasurably  minute  but  remarkably  uniform 
size.  These  abound  in  the  fluid,  and  form  an  opaque  white  molecular 
matter  diffused  in  it,  which  was  named  by  Gulliver  the  molecular  base 
of  the  chyle.  The  addition  of  ether  instantly  dissolves  this  matter,  and 
renders  the  chyle  nearly,  but  not  quite,  transparent ; whence  it  may  be 
inferred  that  the  molecules  are  minute  particles  of  fatty  matter,  and  no 
doubt  the  chief  cause  of  the  opacity  and  whiteness  of  the  chyle. 
According  to  the  late  H.  Midler,  they  are  each  coated  with  a fine  film  of 
albuminoid  matter.  They  exhibit  the  usual  tremulous  movement  com- 
mon to  the  molecules  of  many  other  substances.  3.  Oil-globules  ; these 
are  of  various  sizes,  but  much  larger  than  the  molecules  above  de- 
scribed, and  are  often  found  in  the  chyle  in  considerable  numbers.  4. 
Minute  spherules  (Gulliver),  from  t°  inroo  °f  an  inch  in  diameter; 

probably  of  an  albuminous  nature,  and  distinguished  from  the  fatty 
molecules  by  their  varying  magnitude  and  their  insolubility  in  ether. 

The  plasma,  or  liquid  part  of  the  chyle,  contains  fibrin,  so  that 
chyle  coagulates  on  being  drawn  from  the  vessels,  and  nearly  all  the 
corpuscles,  with  part  of  the  molecular  base,  are  involved  in  the  clot. 
The  serum  which  remains  resembles  in  composition  the  serum  of 
lymph  ; the  most  notable  difference  between  them  being  the  larger  pro- 
portion of  fatty  matter  contained  in  the  chyle-serum. 


The  following  analyses  of  lymph  and  chyle  exhibit  the  proportions  of  the 
<lifferent  ingredients  ; but  it  must  be  explained  that  the  amount  of  the  corpuscles 
cannot  be  separately  given,  the  greater  part  of  them  being  included  in  the  clot 
and  reckoned  as  fibrin.  No.  1 is  the  mean  of  two  analyses,  by  Gubler  and 
Quevenne,  of  human  lymph  taken  during  life  from  the  lymphatics  of  the  thigh  ; 
No.  2 the  mean  of  three  analyses  by  Gmelin  of  lymph  from  the  thoracic  duct  of 
horses  after  privation  of  food ; No.  3,  by  O.  Rees,  of  chyle  from  the  lacteals 
of  an  ass,  after  passing  the  mesenteric  glands. 


I. 

II. 

III. 

Water 

. 937-32 

939-70 

902-37 

Fibrin 

0-595 

10-60 

3-70 

Albumin  . 

42-775 

38-83 

35-16 

Fat  . 

6"51 

a little 

36-01 

Extractive  matter 

5-05  ) 

Salts . t 

7-75  \ 

10-87 

22-76 

1000- 

1000- 

1000- 
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The  extractive  matters  of  the  chyle  and  lymph  probably  vary  with  the  nature 
of  the  food  : they  generally  contain  sugar  and  urea  in  appreciable  quantities. 

The  gas  obtainable  from  lymph  consists  almost  entirely  of  carbonic  acid.  From 
human  lymph  Ilcnsen  obtained  70  per  cent,  by  volume,  whilst  in  lymph  from  the 
dog,  Ludwig  and  Ilammarsten  were  unable  to  obtain  more  than  about  40  per  cent. 

FORMATION  OF  THE  CORPUSCLES  OF  THE  LYMPH  AND  CHYLE. 

The  lymph-plasma  appears  to  consist  fundamentally  of  blood-plasma,  which, 
having  exuded  from  the  capillary  blood-vessels  and  yielded  nutritive  material  to 
the  tissues,  is,  with  more  or  less  admixture  of  waste  products,  returned  by  the 
lymphatics.  Pale  blood-corpuscles  also,  which  have  migrated  from  the  vessels, 
may  find  their  way  into  the  beginning  of  the  lymphatics.  In  this  way  the 
presence  of  corpuscles  in  the  lymph  even  before  it  has  passed  through  the 
lymphatic  glands  is  accounted  for.  As  to  the  further  origin  of  the  lymph  and 
chyle  corpuscles,  it  may,  in  the  first  place,  be  observed  that  the  greatly  increased 
proportion  of  these  bodies  in  the  vessels  which  issue  from  the  lymphatic  glands, 
and  the  vast  store  of  corpuscles  having  the  same  characters  contained  in  the 
interior  recesses  of  these  glands,  are  unmistakeable  indications  that  the  glands 
are  at  least  a principal  seat  of  their  production.  They  are,  most  probably,  pro- 
duced by  division  of  parent  corpuscles,  or  cells  contained  in  the  glands,  and  in 
some  measure  also  by  further  division  of  corpuscles  thus  produced,  after  they 
have  made  their  way  into  the  lymphatic  vessels.  The  corpuscles  found  sparingly 
both  in  chyle  and  lymph  before  passing  the  mesenteric  glands  may  be  in  part 
formed  in  the  agminated  and  solitary  follicular  glands  of  the  intestine  wThich, 
though  differing  much  in  form,  yet  in  essential  structure  have  much  in  common 
with°  the  lymphatic  glands— and  may  come  partly  also  from  the  tracts  of 
lymphoid  tissue,  which  exist  in  the  intestinal  mucous  membrane.  Lymph- 
corpuscles  are  probably  also  produced  in  the  spleen  and  in  the  thymus  gland  ; 
they  may  also  be  formed  by  proliferation  of  connective  tissue  corpuscles,  or  even 
of  the  flattened  cells  of  which  the  commencing  lymphatic  vessels  are  composed. 


FORMATION  OF  THE  BLOOD-CORPUSCLES. 

In  the  embryo  of  batrachians. — In  the  early  embryo  of  the  frog  and 
newt  (in  which,  perhaps,  the  steps  of  the  process  are  best  ascertained),  at  the 
time  when  the  circulation  of  the  blood  commences,  the  corpuscles  in  that  fluid 
appear  as  rounded  cells,  filled  with  granular  matter,  and  of  larger  average  size 
than  the  future  blood-corpuscles.  The  bodies  in  question,  although  spoken  o as 
cells  and  presenting  a regularly  defined  outline,  have  no  separable  envelope.^ 
They  contain,  concealed  in  the  midst  of  the  granular  mass,  a pellucid  globular 
nucleus,  which  usually  presents  one  or  two  small  clear  specks,  situated  eccentri- 
cally. The  granular  contents  consist  partly  of  fine  molecules,  exhibiting  t le 
usual  molecular  movements  ; and  partly  of  little  angular  plates,  or  tablets,  of  a 
solid  substance,  probably  of  a fatty  nature.  After  a few  days,  most  of  the  cells 
liave  assumed  an  oval  figure,  and  are  somewhat  reduced  in  size  ; and  the  granulai 
matter  is  greatly  diminished  in  quantity,  so  that  the  nucleus  is  conspicuous. 
Now,  also,  the  blood-corpuscles,  previously  colourless,  have  acquired  a yellowish 
or  faintly  red  colour.  In  a further  stage,  the  already  oval  cell  is  flattened  the 
«ranules  entirely  disappear,  the  colour  is  more  decided,  and,  in  s or  , le  oo 
corpuscle  acquires  its  permanent  characters.  From  this  description  it  will  b 
seen  that  the  blood-cells  which  first  appeal-  agree  in  nature  with  the  embryonic 
cells  (described  at  page  8),  and  they  are,  in  all  probability,  produced  by  the 
process  of  segmentation.  The  different  parts  of  the  embryo  m its  early  conditmn, 
the  heart,  for  example,  are  for  a time  entirely  composed  of  cells  of  the  same  kind, 

and  all  have  probably  a common  origin.  . . . 

It  is  possible  that  some,  at  least,  of  the  red  corpuscles  of  batrachians,  origm  ^ 
in  a similar  manner  (endogenously)  to  that  immediately  to  be  descri  ' 

bird  and  in  mammalia,  for  developing  blood-vessels  of  the  tadpole  s ta  ave  een 
observed  to  contain  blood-corpuscles  before  the  establishment  of  a comm 
with  the  rest  of  the  vascular  system  (Strieker). 
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In  the  Bird. — In  the  egg  of  the  bird,  the  first  appearance  of  blood-corpuscles, 
as  well  as  of  blood-vessels,  is  seen  in  the  blastoderma,  or  germinal  membrane,  a 
structure  formed  by  the  extension  of  the  cicatricula,  in  the  early  stages  of  incu- 
bation. The  commencing  embryo,  with  its  simple  tubular  heart,  is  seen  in  the 
middle  of  this  circular  membrane,  and  blood-vessels,  containing  blood-corpuscles, 
appear  over  a great  part  of  its  area.  These  first  vessels,  therefore,  though  con- 
nected with  the  heart,  and  intended  to  convey  nutriment  to  the  embryo,  are 
formed  in  an  exterior  structure  ; but,  in  a somewhat  later  stage,  blood-vessels 
and  corpuscles  are  developed  in  various  textures  and  organs  within  the  body. 
The  formation  of  blood-corpuscles  in  the  middle  layer  of  the  blastoderm  has  been 
recently  carefully  investigated  by  Klein.*  He  describes  the  blood-vessels  of  the 
embryo  chick  as  originating  in  an  endogenous  manner  in  the  interior  of  certain 
of  the  cells  of  the  middle  layer  of  the  blastoderm.  It  would  appear,  first,  that 
the  nuclei  of  these  cells  become  multiplied,  and  that  then  the  protoplasm 
around  each  takes  on  a reddish  colour,  and,  a cavity  becoming  formed  within  the 
mother-cell  by  the  enlargement  of  a vacuole,  the  newly-formed,  nucleated,  red 
blood-corpuscles  become  free  within  the  cavity  thus  produced  (fig.  16).  In 
other  instances  the  cavity  be- 


Fig.  16 


Fi 


comes  first  formed  within  the 
cell,  which  is  considerably  en- 
larged, and  in  the  protoplasmic 
wall  of  which  nuclei  are  em- 
bedded. From  this  wall,  blood- 
corpuscles,  both  red  and  white, 
bud  forth  into  the  interior  of 
the  vesicle.  The  mother-cells 
send  out  processes  which  connect 
them  with  one  another,  and  into 
these  processes  their  cavities  are 
eventually  extended  : in  this  way 
a system  of  blood-vessels  contain- 
ing blood  is  produced.  According 
to  Balfour  j it  is  the  nuclei  them- 
selves which  become  the  coloured 
corpuscles,  whilst  the  nucleoli 
within  them  develop  into  the  so- 
called  “nuclei”  of  the  blood- 
corpuscles. 

It  is  uncertain  whether  any  of 
the  primary  red  corpuscles  are 
formed  by  direct  transformation 
of  embryonic  cells,  as  described 

mtheembryo  of  Batrachians.  At  the  same  time  they  agree  with  those  cells  in 
exhibiting  amoeboid  movements. 

mammalia— In  the  embryo  of  man  and  mammalia  the 
pnmitive  led  blood-corpuscles  are  nucleated  spheroidal  bodies,  of  much  larger 
suse  than  the  future  red  disks.  As  to  their  origin  nothing  is  certainlv  known  : 
probabiy  transformed  embryonic  cells.  These  large  nucleated  red  and 
colouriess  corpuscles,  continuing  to  increase  in  number,  constitute  the  earliest, 

timV  L a mC’  the  ?nly  corPuscles  in  the  embryo-vessels.  But  their  multiplica- 
develonuwW-  V’  and  )i1new  ePock  in  blood-formation  begins  with  the 
fresh  matoi-i  ? i- 10  ^]ie  'dood  which  returns  to  the  embryo  charged  with 

entircU  a W °f,nutntl°*  from  the  maternal  system,  has  then  to  pass,  at  first 
seem  tLt^oT  great  part,  through  the  vessels  of  the  liver  ; and  it  would 

and  Dourer]  -il  i*  co}ourh:ss  nucleated  corpuscles  are  produced  in  that  organ 

^proSe  £ ^ mt°  the  g6neral  maSS  0f  .bl00d  hy  the  ^patic  veins.  It 
throughout  fnVnirr  u continues  its  hannapoietic  or  blood-forming  function 
ife  ; but,  m the  meanwhile,  the  spleen  and  lymphatic  system 

* )'*’icner  Sitzungsberichte,  lxiii.  1871. 
t Quarterly  Journal  of  Microscopic  Science.  July,  1873. 


16. — Various  Forms  of  Mother-Cells 

UNDERGOING  DEVELOPMENT  INTO  BLOOD-VESSELS 
(from  the  middle  layer  of  the  chick’s  blastoderm. 
Klein.) 

d,  d,  blood-corpuscles. 
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have  also  begun  to  produce  pale  corpuscles,  and  in  after  periods  supersede  the 
liver  in  that  office.  These  corpuscles,  either  immediately  or  after  fissiparous 
multiplication,  acquire  colour  like  the  first — those  from  the  liver  and  spleen  pro- 
bably in  great  part  before  they  leave  these  organs — and  are  converted  into 
nucleated  red  corpuscles.  The  nucleated  red  corpuscles  thus  produced  are 
gradually  converted  into,  or  at  least  succeeded  by,  smaller  disk-shaped  red  cor- 
puscles Avithout  nuclei,  having  all  the  characters  of  the  blood-disks  of  the  adult. 
This  transition  or  substitution  begins  early,  and  proceeds  gradually,  until  at 
length,  long  before  the  end  of  intrauteiine  life,  the  nucleated,  red  corpuscles 
have  altogether  vanished. 

The  disk-shaped  red  corpuscles  are  produced,  in  part  at  least,  in  the  interior  of 
connective  tissue  cells  of  the  developing  mammal  in  a manner  someAvhat  similar 
to  that  described  by  Klein  in  the  cells  of  the  middle  layer  of  the  chick’s  blasto- 
derm. The  cell-nuclei,  hoAvever,  are  not  involved  in  the  process,  which  seems  to 
be  rather  of  the  nature  of  a deposit  Avithin  the  cells.  The  blood-corpuscles  which 
are  at  first  spheroidal  eventually  take  on  the  flattened  form  and  become  free 
within  a cavity  which  is  hollowed  out  in  the  interior  of  the  cell ; the  latter 
becomes  united  Avith  neighbouring  cells  to  form  the  blood-vessels  of  the  part. 
This  endogenous  mode  of  cell  formation  commonly  ceases  before  birth* 

Throughout  life  the  mass  of  blood  is  subject  to  continual  change  ; a portion 
of  it  is  constantly  expended,  and  its  place  taken  by  a fresh  supply.  It  is  certain 
that  the  corpuscles  are  not  exempted  from  this  general  change,  but  it  is  not 
knoAvn  in  what  manner  they  are  consumed,  nor  has  the  process  been  fully  traced 
by  which  new  ones  are  continually  formed  to  supply  the  place  of  the  old.  With 
regard  to  the  latter  question,  it  may  be  stated,  that  the  explanation  which  has 
hitherto  found  most  favour  Avith  physiologists  is,  that  the  corpuscles  of  the  chyle 
and  lymph,  passing  into  the  sanguiferous  system,  become  the  pale  corpuscles  ot 
the  blood  : and  that  these  last  are  converted  into  red  disks.  Pale  corpuscles  are 
also  generated  in  the  spleen,  and,  after  part  of  them  have  changed  into  red  disks 
•pass  directly  into  the  blood,  independently  of  those  derived  from  the  chyle  and 
lvmph.  A production  of  blood-corpuscles  is  also  said  to  take  place  m certain 
pells  of  the  marrow  of  the  bones,  in  which  transitional  forms  to  the  red  corpus- 
cles have  been  observed.  (Neumann,  Bizzozero.)  As  to  the  manner  m which 
the  pale  corpuscles  are  transformed  into  the  red,  there  is  considerable  difference 
of  opinion.  According  to  one  view  (adopted  by  Paget,  Kolliker,  Funke,  and 
others),  the  pale  corpuscles  gradually  become  flattened,  acquire  coloured  con- 
tents, lose  their  nuclei,  and  shrink  somewhat  m size,  and  thus  acquire  the 
characters  of  the  red  disks.  Wharton  Jones,  on  the  other  hand,  arrived  at 
the  conclusion  that,  whilst  in  birds,  reptiles,  and  fishes,  the  pale  or  lymph 
corpuscle  suffering  merely  some  alteration  of  form  and  contents,  becomes 
Ssk  its  nucleus  alone7  is  developed  into  the  red  disk 

According  to  this  view  (supported  by  Busk,  Huxley,  and  Gulliver),  while ; the  led 
corjmscle  of  oviparous  vertebrata  is  the  transformed 

ment  not  proceeding  beyond  this  stage-the  non-nucleated  red  disk  of  men  and 
mammalians,  on  As  other  hand,  considered  to  he 

oval  nucleated  red  disk  of  the  oviparous  vertebrata,  Jat  ttat  - of  ™ • 

It  is  not  within  the  scope  of  this  work  to  enter  upon  a discussion  of  the  lelative 
merits  of  these  opinions  and  the  reader  is  referred  to  physiological  aa  oiks  for  a 
^elion of  E ll  other  views  adopted  by  various  anthers  upon  the 

point  at  issue. 

EPITHELIAL,  EPIDERMIC,  OR  CUTICULAR  TISSUE. 

General  nature  and  sitnation.-It  is  well  known,  that  when  the 
skill  is  blistered,  a thin,  and  nearly  transparent  membrane  named  tile 
cuticle  or  epidermis,  is  raised  from  its  surface.  In  v < > 

transparent  film  may  be  raised  from  the  lining  membrane  of  the  monto, 
similar  in  nature  to  the  epidermis,  although  it  has  in  this  situation 

* Schafer,  Proceedings  of  the  Royal  Society.  1874. 


VARIETIES  OF  EPITHELIUM. 


43 


received  the  name  of  “ epithelium  * and  under  the  latter  appellation, 
a coating  of  the  same  kind  exists  on  nearly  all  free  surfaces  of  the 
body.  It  is  true  that  in  many  situations  the  epithelium  cannot  be 
actually  raised  from  the  adjacent  surface  as  a coherent  membrane,  still 
its  existence  as  a continuous  coating  can  be  demonstrated  ; and,  al- 
though in  different  parts  it  presents  important  differences,  its  several 
varieties  are  connected  by  certain  common  characters. 

The  existence  of  a cuticular  covering  composed  of  cells  has  in  one  form 
or  other  been  demonstrated  in  the  following  situations  : viz.,  1.  On  the 
surface  of  the  skin.  2.  On  mucous  membranes;  a class  of  membranes  to 
be  afterwards  described,  which  line  those  internal  cavities  and  passages 
of  the  body  that  open  exteriorly,  viz.,  the  alimentary  canal,  the  lachrymal, 
nasal,  tympanic,  respiratory,  urinary,  and  genital  passages  ; as  well  as 
the  various  glandular  recesses  and  ducts  of  glands,  which  open  into 
these  passages  or  upon  the  surface  of  the  skin.  3.  On  the  inner  or  free 
surface  of  serous  membranes,  which  line  the  walls  of  closed  cavities  in 
the  head,  chest,  abdomen,  and  other  parts.  4.  On  the  inner  surface  of 
the  heart,  blood-vessels  and  lymphatics.f 

Structure  in  general. — This  tissue  has  no  vessels,  although  nerves 
have  been  demonstrated  in  it  in  various  situations  ; apart  from  these, 
however,  it  possesses  a decidedly  organised  structure.  Wherever  it 
may  exist,  it  is  formed  essentially  of  nucleated  cells  united  together  by 
cohesive  matter,  often  in  too  small  quantity  to  be  apparent.  The  cells, 
where  consisting  of  more  than  one  layer,  in  whatever  way  they  may 
be  produced,  make  their  appearance  first  in  the  deepest  part  of  the 
structure,  where  they  receive  material  for  growth  from  the  blood-vessels 
of  the  subjacent  tissue  ; then,  usually  undergoing  considerable  changes 
in  size,  figure,  and  consistency,  they  gradually  rise  to  the  surface,  where, 
ns  shown  at  least  in  various  important  examples,  they  are  thrown  off 
and  succeeded  by  others  from  beneath.  In  many  situations  the  cells 
torm  several  layers,  in  which  they  may  be  seen  in  different  stages  of 
progress,  from  their  first  appearance  to  their  final  desquamation.  The 
layer  or  layers  thus  formed  take  the  shape  of  the  surface  to  which  they 
are  applied,  following  accurately  all  its  eminences,  depressions  and 
inequalities.  Epithelium  when  destroyed  or  cast  off,  is,  for  the  most 
part,  very  readily  regenerated. 

Varieties. — -In  accordance  with  the  varied  purposes  which  the  epi- 
thelium is  destined  to  fulfil,  the  cells  of  which  it  is  composed  come  to 
differ  in  different  situations,  in  figure  and  size,  in  their  position  in 
lespect  of  each  other,  their  degree  of  mutual  cohesion,  and  in  the 
nature  of  the  matter  they  contain,  as  well  as  in  the  vital  endowments 
which  they  manifest  ; and,  founded  on  these  modifications  of  its  con- 


rile  term.  “ epithelia,”  which  1ms  passed  into  “epithelium,”  was  introduced  by 
ivuysch  to  designate  the  cuticular  covering  on  the  red  part  of  the  lips.  The  word 
epic  ei  mis  lie  considered  inappropriate,  as  the  subjacent  surface  is  not  skin  {derma) ; 
nut,  as  it  is  beset  with  papilla:,  he  named  the  covering  layer  “ epi-thelia,”  from  eirt  and 
J ]’  ,a  e or  PaPjlla-  use  of  the  term  has,  by  a not  unusual  license,  been  ex- 

^ 80  2?,  0 S1&mfy  ^ie  same  kind  of  coating  when  it  spreads  over  non-papillary 

1-  e W01d  endothelium,”  recently  applied  by  some  German  writers  to  dis- 

i ° ' .a, , as  ieretofore  been  spoken  of  as  the  epithelium  lining  the  serous  mem- 

: ' i-‘  K \e  mner  surface  of  blood-vessels  and  lymphatics,  appears  to  me  a needless 

nnovation  and,  considering  the  literal  meaning  of  the  word,  not  a happy  one.— W.  S. 

.ad  •,  1 ., ,?ne  ® wbich  are  enumerated  under  3 and  4,  and  which  have  a close 
v • ^1W1,!+.  e c?  s the  connective  tissue  to  be  afterwards  described,  may  be  con- 
veniently distinguished  by  the  term  “ epithelioid.  ” 
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stituont  cells,  or,  at  any  rate,  those  forming  the  superficial  layer,  four 
principal  varieties  of  epithelium  have  been  recognised,  as  follows  : — 

!•  The  cells  may  become  flattened  into  plates  or  scales,  and  the 
variety  of  epithelial  tissue  thus  constituted  is  termed  scaly,  or  tessellated 
{'pavement  epithelium  of  German  histologists).  It  might  be  well  to 
employ  the  former  term  when  the  flattened  cells  overlap  at  their  edges 
(as  in  fig.  17),  the  latter  where  the  adjoining  edges  meet ; in  which 
case  the  lines  of  junction  may  be  even  (as  in  fig.  18),  or  more  or  less 
sinuous,  as  in  various  parts  of  the  lymphatic  system  (fig.  19). 


Fig.  17. 


Fig.  18. 


Eig.  17. — Epithelium-Scales  from  the  inside  of  the  Mouth;  magnified  260 

diameters  (Henle). 

Eig.  18. — Epithelioid  Cells  from  a Serous  Membrane  (Peritoneum)  ; magnified 

410  DIAMETERS. 

a,  cell ; b,  nucleus  ; c,  nucleoli  (Henle). 

2.  In  a second  variety  named  columnar  (cylinder-epithelium  of  the 
Germans)  the  cells  assume  a prismatic  figure,  and  are  set  upright  on 
the  surface  which  they  cover  (fig.  20). 

Fig.  19.  Fig.  20. 


a 


Eig.  19. — Epithelioid  Cells  of  Commencing  Lymphatic  ; magnified  240  diameters 

(Auerbach). 

Fig.  20. — Columnar  Epithelium  from  intestinal  villus  of  a Rabbit  ; magnified  300 

diameters. 

a,  Thick  border  (from  Kolliker). 

3.  The  cells  may  retain  their  primitive  roundness,  or,  being  flattened 
where  they  touch  acquire  a polyhedral  or  cubical  figure,  in  which  no  one 
dimension  remarkably  predominates  : in  some  places,  however,  the  cells 
show  a tendeucy  to  lengthen  into  columns  and  in  others  to  flatten  into 
tables,  presenting  thus  transitional  forms  between  the  other  varieties. 
This  variety  of  epithelium  has  been  named  spheroidal  and  transitional. 

4.  Lastly  the  cells,  which  in  this  case  are  mostly  prismatic  in  form, 
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Lear  on  their  basal  or  free  ends  spontaneously  moving  filaments,  named 
cilia ; on  which  account  this  variety  of  epithelium  is  termed  ciliated 
(fig.  21). 


Fig.  21. — Columnar  Ciliated  Epithelium  Cells  from  the  Human  Nasal  Membrane; 

MAGNIFIED  300  DIAMETERS. 


Fig.  22. — Diagram  of  Section  of  Stratified  Epithelium,  in  which  the  under- 
most CELLS  ARE  OBLONG  AND  VERTICAL. 

When  the  cells  of  an  epithelium  are  arranged  in  several  superimposed 
layers  instead  of  being  in  a simple  layer,  it  is  termed  stratified : in 


Fig.  23. 


Fig.  23. — Epithelium  of  Conjunctiva  of  Calf. 

1,  2,  3,  4,  5,  progressive  flattening  of  the  cells  as  they  rise  to  the  surface.  The  out- 
line figures  represent  single  cells  from  different  depths,  viewed  on  their  surface  ; and  at 
4'  and  5',  edgeways.  Magnified  410  diameters  (chiefly  after  Henle). 

these  cases  it  is  commonly  found  that  the  lowermost  layer  is  columnar 
in  shape,  and  the  uppermost  scaly  ; the  intermediate  strata  presenting 
transitions  between  these  forms  (figs.  22,  23). 

The  first  three  of  the  varieties  here  enumerated  present  local  pecu- 
liarities which  make  it  convenient  to  describe  them  with  the  tissues  or 
organs  with  which  they  are  associated.  The  ciliated  epithelium,  on  the 
other  hand,  being  of  nearly  uniform  character  as  regards  situation, 
vital  properties  and  functional  activity,  can  be  most  conveniently  treated 
of  under  one  general  head,  and  will  therefore  be  considered  here. 

It  may  first  be  remarked,  however,  that  amidst  these  changes  the 
nucleus  of  the  cell  undergoes  little  alteration,  and  its  characters  are 
accordingly  remarkably  uniform  throughout  (see  figs.).  It  is  round  or 
oval,  and  more  or  less  flattened  ; its  diameter  measures  from  ^Wth  to 
ToVoth  of  an  inch,  or  more.  Its  substance  is  insoluble  in  acetic  acid. 
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clear  and  colourless.  It  usually  contains  one  or  two  nucleoli,  distin- 
guished by  their  strong  dark  outline  ; and  a variable  number  of  more 
faintly  marked  granules  irregularly  scattered.  For  the  most  part,  the 
nucleus  is  persistent,  but  in  some  cases  it  disappears  from  the  cell. 


In  this  form  of  epithelium,  the  particles,  which  are  generally  co- 
lumnar, bear  at  their  free  extremities  little  hair-like  processes,  which 
are  agitated  incessantly  during  life,  and  for  some  time  after  death,  with 
a lashing  or  vibrating  motion.  These  minute  and  delicate  moving 
organs  are  named  cilia.  They  have  now  been  discovered  to  exist  very 
extensively  throughout  the  animal  kingdom  ; and  the  movements  which 
they  produce  are  subservient  to  very  varied  purposes  in  the  animal 
economy. 

Distribution  and  use.— In  the  human  body  ciliated  epithelium 
occurs  in  the  following  parts,  viz.: — 1.  On  the  mucous  membrane  of 
the  air  passages  and  its  prolongations.  It  commences  at  a little 
distance  within  the  nostrils,  covers  the  membrane  of  the  nose  (except 
the  proper  olfactory  part)  and  of  the  adjoining  bony  sinuses,  and 
extends  up  into  the  nasal  duct  and  lachrymal  sac.  From  the  nose 
it  spreads  backwards  a certain  way  on  the  upper  surface  of  the  soft 
palate,  and  over  the  upper  or  nasal  region  of  the  pharynx  ; thence 
along  the  Eustachian  tube  and  lining  membrane  of  the  tympanum,  of 
which  it  covers  the  greater  part.  The  lower  part  of  the  pharynx  is 
covered  by  scaly  epithelium  as  already  mentioned ; but  the  ciliated 
epithelium  begins  again  in  the  larynx  a little  above  the  glottis,  and 
continues  throughout  the  trachea  and  the  bronchial  tubes  in  the  lungs 
to  their  smallest  ramifications.  2.  On  the  mucous  lining  and  in  the 
o-lands  of  the  uterus,  commencing  at  the  middle  of  the  cervix  and 
extending  along  the  Fallopian  tubes,  even  to  the  peritoneal  surface  of 
the  latte?  at  their  fimbriated  extremities.  3.  Lining  the  vasa  efferent™ , 
coni  vasculosi,  and  first  part  of  the  excretory  duct  of  the  testicle.  4 
To  some  extent  on  the  parietes  of  the  ventricles  of  the  brain,  and 
throughout  the  central  canal  of  the  spinal  cord.  . 5.  In  the  excretory 
ducts  of  certain  small  racemose  glands  of  various  parts  (tongue, 
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pharynx,  &c.) 


t — on  -Pot  qc  pvnminp.fi.  p/ilia  have  been 
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The  fact  of  tlie  conveyance  of  fluids  and  other  matters  along  the  ciliated 
surface,  as  well  as  the  direction  in  which  they  are  impelled,  may  also  be 
made  manifest  by  immersing  the  membrane  in  fluid,  and  dropping  on 
it  some  finely  pulverised  substance  (such  as  charcoal  in  fine  powder), 
which  will  be  slowly  but  steadily  carried  along  in  a constant  and  deter- 
minate direction ; and  this  may  be  seen  with  the  naked  eye,  or  with  the 
aid  of  a lens  of  low  power. 

The  ciliary  motion  of  the  human  mucous  membrane  is  beautifully 
seen  on  the  surface  of  recently  extracted  nasal  polypi  ; and  single 
ciliated  particles,  with  their  cilia  still  in  motion,  are  sometimes  sepa- 
rated accidentally  from  mucous  surfaces  in  the  living  body,  and  may  be 
discovered  in  the  discharged  mucus  ; or  they  may  even  be  purposely 
detached  by  gentle  abrasion.  But  the  extent  and  limits  of  the  ciliated 
epithelium  of  the  human  body  have  been  determined  chiefly  from  its 
anatomical  characters. 

Cilia  have  now  been  shown  to  exist  in  almost  every  class  of  animals, 
from  the  highest  to  the  lowest.  The  immediate  purpose  which  they 
serve  is,  to  impel  matter,  generally  more  or  less  fluid,  along  the  surfaces 
on  which  they  are  attached  ; or,  to  propel  through  a liquid  medium  the 
ciliated  bodies  of  minute  animals,  or  other  small  objects  on  the  surface 
of  which  cilia  are  present ; as  is  the  case  with  many  infusorial  animal- 
cules, in  which  the  cilia  serve  as  organs  of  locomotion  like  the  fins  of 
larger  aquatic  animals,  and  as  happens,  too,  in  the  ova  of  many  verte- 
brate as  well  as  invertebrate  animals,  where  the  yelk  revolves  in  its 
surrounding  fluid  by  the  aid  of  cilia  on  its  surface.  In  many  of  the 
lower  tribes  of  aquatic  animals,  the  cilia  acquire  a high  degree  of 
importance:  producing  the  flow  of  water  over  the  surface  of  their 
organs  of  respiration,  indis- 
pensable to  the  exercise  of  that 
function ; enabling  the  animals 
to  seize  their  prey,  or  swallow 
their  food,  and  performing 
various  other  offices  of  greater 
or  less  importance  in  their 
economy.  In  man,  and  the 
warm-blooded  animals,  their 
use  is  apparently  to  impel 
secreted  fluids  or  other  mat- 
ters along  the  ciliated  surface, 
as,  for  example,  the  mucus  of 
the  windpipe  and  nasal  sinus- 
es, which  they  carry  towards 
the  outlet  of  these  cavities. 

Structure. — The  cells  of 
the  ciliated  epithelium  (fig. 

24)  contain  clear  oval  nu- 
clei ; their  protoplasm  is 
commonly  granular,  but  the 
free  border  of  the  cell  from 
which  the  cilia  appear  to  sprint  Fig'  24‘  — ClLIATEr>  Epithelium  Cells  from 

presents  a bright  annearanoe  Trachea  0E  1C.A^  magnified  about  600 
,n  mi®  appearance  diameters  (Klein). 

(fig.  21).  They  have  most 

geneially  an  elongated  form,  like  the  particles  of  the  columnar 


Fig.  24. 
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Fig.  25. 


epithelium,  which  they  resemble  too  in  arrangement,  but  are 
often  of  greater  length  and  more  slender  and  pointed  at  their  lower 
end,  which  is  commonly  branched.  The  cilia  are  attached  to  their 
broad  or  superficial  end,  each  columnar  particle  bearing  a tuft  of 
these  minute  hair-like  processes.  In  some  cases,  the  cells  are 

spheroidal  in  figure,  the  cilia  being  still,  of  course,  confined  to  that 
portion  of  the  cell  which  forms  part  of  the  general  surface  of  the 
epithelial  layer,  as  shown  in  fig.  25,  whichre  presents  such  cells  from 

the  epithelium  of  the  frog’s  mouth.  In  man 
this  form  occurs  in  the  ciliated  epithelium  of 
the  cerebral  ventricles  and  tympanum,  where 
the  cells  form  but  a single  stratum.  The  co- 
lumnar ciliated  epithelium  also  may  exist  as  a 
simple  layer,  as  in  the  uterus  and  Fallopian 
tubes,  the  finest  ramifications  of  the  bronchia, 
and  the  central  canal  of  the  spinal  cord  ; but 
in  various  other  parts — as  the  nose,  pharynx, 
Eustachian  tube,  the  trachea  and  its  larger  divi- 
sions— there  is  a layer  of  elongated  cells  beneath 
the  superficial  ciliated  range,  filling  up  the 
spaces  between  the  pointed  extremities  of  the 
latter,  and  beneath  this  is  an  undermost  layer, 
formed  of  small  rounded  cells.  Probably  the 
subjacent  cells  acquire  cilia,  and  take  the  place  of  ciliated  cells,  which 
are  cast  off ; but  the  mode  of  renovation  of  ciliated  epithelium  is  not 
yet  fully  understood. 


Fig.  25. — Spheroidal 
Ciliated  Cells  from 
the  Mouth  of  the 
Frog  ; magnified  300 

DIAMETERS. 


The  relation  of  the  ciliated,  as  well  as  other  epithelium-cells,  to  the  connective 
tissue  of  the  subjacent  membrane,  has  much  engaged  attention  since  the 
importance  of  the  connective-tissue-corpuscles  has  come  to  be  recognised ; and 
a strong  impression  or  belief  prevails  that  such  epithelium-cells  are  structurally 
connected  by  prolongations  from  their  lower  ends  with  these  corpuscles,  and 
genetically  related  to  them.  As  a matter  of  observation,  such  anatomical  con- 
nection is  affirmed  in  reference  to  the  columnar  ciliated  epithelium  of  the  central 
canal  of  the  spinal  cord  and  the  Sylvian  aqueduct,  (Lockhart  Clarke,  Gciiach). 


The  cilia  themselves  differ  widely  in  size  in  different  animals,  and 
thev  are  not  equal  in  all  parts  of  the  same  animal.  In  the  human 

windpipe  they  measure  XoVoth  to.2ioo^  an  ?nc^.  m e1p2'fc  m 

many  invertebrate  animals,  especially  such  as  live  in  salt  v ater,  they 
are  a great  deal  larger.  In  figure  they  have  the  aspect  of  slendei, 
conical,  or  slightly  flattened  filaments  ; broader  at  the  base,  and  usually 
pointed  at  their  free  extremity.  Their  substance  is  transparent,  soft, 
and  flexible.  It  is  to  all  appearance  homogeneous,  and  no  fibres,  gran- 
ules, or  other  indications  of  definite  internal  structure,  liai  e been  satis- 
factorily demonstrated  in  it.  . . ...  . . . 

Motion  of  the  cilia.— The  manner  m which  the  cilia  move,  is  best 
seen  when  they  are  not  acting  very  briskly.  Most  generally  they  seem  o 
execute  a sort  of  fanning  or  lashing  movement ; and  when  a number  ol 
them  perform  this  motion  in  regular  succession,  as  is  generally  the  case, 
they  give  rise  to  the  appearance  of  a series  of  waves  travelling  a ong 
the  range  of  cilia,  like  the  waves  caused  by  the  wind  in  a field  of  corn. 
When  they  are  in  very  rapid  action  the  undulation  is  less  obvious,  an  , 
as  Henle  remarks,  their  motion  then  conveys  the  ideaol  swiftly  runnin0 
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water.  The  undulating  movement  may  be  beautifully  seen  on  the  gills 
of  a mussel.  The  undulations,  with  some  exceptions,  seem  always  to 
travel  in  the  same  direction  on  the  same  parts.  The  impulsion,  also, 
which  the  cilia  communicate  to  the  fluids  or  other  matters  in  contact 
with  them,  maintains  a constant  direction  ; unless  in  certain  of  the 
infusoria,  in  which  the  motion  is  often  variable  and  arbitrary  in  direc- 
tion, and  has  even  been  supposed  to  be  voluntary.  Thus  in  the  wind- 
pipe of  mammalia,  the  mucus  is  conveyed  upwards  towards  the  larynx, 
and,  if  a portion  of  the  membrane  be  detached,  matters  will  still  be 
conveyed  along  the  surface  of  the  separated  fragment  in  the  same 
direction  relatively  to  that  surface,  as  before  its  separation. 

The  persistence  of  the  ciliary  motion  for  some  time  after  death,  and 
the  regularity  with  which  it  goes  on  in  parts  separated  from  the  rest  of 
the  body,  sufficiently  prove  that,  with  the  possible  exceptions  alluded 
to,  it  is  not  under  the  influence  of  the  will  of  the  animal  nor  dependent 
for  its  production  on  the  nervous  centres,  and  it  does  not  appear  to  be 
influenced  in  any  way  by  stimulation  or  sudden  destruction  of  these 
centres.  The  time  which  it  continues  after  death  or  separation  differs 
in  different  kinds  of  animals,  and  is  also  materially  influenced  by  tem- 
perature and  by  the  nature  of  the  fluid  in  contact  with  the  surface.  In 
warm-blooded  animals  the  period  varies  from  two  or  three  hours  to  two 
days,  or  even  more  ; being  longer  in  summer  than  in  the  cold  of  winter. 
In  fiogs  the  motion  may  continue  four  or  five  days  after  the  destruction 
of  the  brain  ; and  it  has  been  seen  in  the  gullet  of  the  tortoise  fifteen 
days  after  decapitation,  continuing  seven  days  after  the  muscles  had 
ceased  to  be  irritable. 

With  the  view  of  throwing  further  light  on  the  nature  of  this 
remarkable  kind  of  motion,  experiments  have  been  made  to  ascertain 
the  effect  produced  on  it  by  different  physical,  chemical,  and  medicinal 
agents  ; but,  so  far  as  these  experiments  have  gone,  it  would  seem  that, 
with  the  exception  of  moderate  heat  and  cold,  alkaline  solutions  chlo- 
rotorm  vapour  and  perhaps  some  other  narcotics,  these  agents ’affect 
the  action  of  the  cilia  only  m so  far  as  they  act  destructively  on  their 

anhlmlf^Tn  ?LClrn"e  atm'e  is  different  in  warm  and  in  cold-blooded 

Sand  J*  Tl  6 m0tl0nis  st°PPed  by  a cold  of  43c  F„  whereas  in  the 
lio0  and  livei -mussel  it  goes  on  unimpaued  at  32°  F.  E.  H.  Weber  made  th- 

mterestmg  observation  that  in  ciliated  epithelium  particles  detached  from  the 
human  nasal  membrane,  the  motion  which  has  become  languid  or  quiScent 

sevm-amSd  may  be  revived Aby  warmth,  such  as  that  of  the  breath,  \nd  this 
not  off  es  m succession.  A moderately  elevated  temperature,  say  100°  F does 

She^SSS  miC0ld*"l00d,f  aiTalS;  but,  of  course,  a’hei  consiSbly 
cafes  sS  S ,aS  1°  alt6r  the  tissue’  w(mld  Put  an  end  to  it  in  all 
is  someth  theS  ! GSS,  ey  causeab^ion  of  the  ciliated  surface  (which 
gaWaSSent  S n?  V™e  effect  ’ and  same  is  true  of 

other  salt-water  animal-  * an.es^s  motion  in  marine  mollusca  and  in 

substance  of  the  cilia  which  in  , fV1  ently  acts  by  destroying  both  the  form  and 
Most  of  the  common  ’ 5* * n thf  Cas?s  are  adaPted  to  a different  medium, 
action  of  the  cilia  inst^f  and  sahne  solutions,  when  concentrated,  arrest  the 
and  when  carried  fmW  taneously  m a11  ammals  ; but  dilution  delays  this  effect, 

alto^ber;  and  hence  it  is,  probably,  due 
either  potash  or  soda  win  & ^trchow  has  observed  that  a solution  of 

cotic  substances  ^ mo«t  <&*  after  it  has  ceased.  Nar- 

and  belladonna  are  sain  l ^ ‘lcyamc  acid,  salts  of  morphia  and  strychnia,  opium 
vol.  ii.  ’ d by  I mkmJe  and  Valentin  to  have  no  effect,  though  the 
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first-named  agent  has  certainly  appeared  to  us  to  arrest  the  motion  in  the  river- 
mussel.  In  confirmation  of  an  observation  of  Lister,*  we  find  that  exposuie 
for  a few  moments  to  the  vapour  of  chloroform  arrests  ciliary  action,  and  that 
the  motion  revives  again  if  the  application  of  the  vapour  is  discontinued.  . 

Bile  stops  the  action  of  the  cilia,  while  blood  prolongs  it  in  vertebrated  animals , 
but  the  blood  or  serum  of  the  vertebrata  has  quite  an  opposite  effect  on  the  cilia 
of  invertebrate  animals,  arresting  their  motion  almost  instantaneously. 


Whatever  views  may  be  entertained  concerning  the  nature  and  soui  ce 
of  the  power  by  which  the  cilia  act,  it  must  be  borne  in  mind  that  each 
ciliated  cell  is  individually  endowed  with  the  faculty  ol  producing 
motion,  and  that  it  possesses  in  itself  whatever  organic  apparatus  and 
whatever  physical  or  vital  property  may  be  necessary  for  that  end  ; 
for  single  epithelium  cells  are  seen  to  exhibit  the  phenomenon  long 
after  they  have  been  completely  insulated. 

It  seems  not  unreasonable  to  consider  the  ciliary  motion  as  a manifestation 
of  that  property  on  which  the  more  conspicuous  motions  of  animals  are  known 
to  depend  namely,  vital  contractility;  and  this  view  has  at  least  the  advantage 
of  referring  the  phenomenon  to  the  operation  of  a vital  property  already 
recognised  as  a source  of  moving  power  in  the  animal  body  But,  assuming  this 
view  to  be  sound,  so  far  as  regards  the  nature  of  the  motde  property  bioug 
into  play,  it  affords  no  explanation  of  the  cause  by  which  the  contractility  is 

excited  and  the  cilia  maintained  in  constant  action. 

It  is  true  that  nothing  resembling  a muscular  apparatus  m the  ordmary  sense 
of  the  term,  has  been  shown  to  be  connected  with  the  edm  nor  is  it  ne^ssaiy  to 
sunpose  the  existence  of  any  such  ; for  it  must  be  remembered  that,  while  the 
organic  substance  on  which  vital  contractility  depends  is  Probab^ 
same  in  composition,  it  does  not  everywhere  assume  the  same  form  and  texture. 
The  anatomical  characters  of  human  voluntary  muscle  ddfer wideg ' 
of  most  involuntary  muscular  structures,  and  stall  more  from  the  contractile 

depend  then  on  the  same  property  as  at  a later  period,  when  its  structure  y 

^nSl'ersistence  after  systemic  death  and  in  parts 
the  body;  the  ciiiary  motion  agrees  with 

as  the  heart,  for  example  , and  t e ani  rn.cmnstances  It  is  true,  the  one 
rhythmic  character  of  the  motion mt appM1.8  to  be  one 
endures  much  longer  than  the  othe  , evail  among  muscles 

only  of  degree,  for  similar-  did ferences  icle  of  the TJt  is  mus- 

themselves.  No  one,  for  instance,  dou  b pventricle  ■ nor  because  a frog's 

cular,  because  it  beats  longer  after  death  than  t e ^ >)g,  ,g  ^ infelTed  that 

heart  continues  to  act  a much  longei  ture  And  the  view  here  taken 

its  motion  depends  on  a power  of  a <hffexe  ' f the  consideration  that 

of  the  nature  of  the  ciliary  motion  vital  contractility 

the  phenomenon  lasts  longest  in  cold  heat  and  cold,  as  far-  as  observed, 

also  is  of  longest  endurance.  In  the  t of  cilia  and  that  of  muscular 

there  is  also  an  agreement  between  the  mover  ^t^  that  electricity  does  not 
parts;  while,  on  the  other  hand,  it m ^ b f narcotics  afford  little  room  for 
appear  to  excite  then-  activity.  The  ettc  • ;iction  on  muscular  irritability 

inference,  seeing  that  om- knowledge  of  the  lat  t chloroform! 

is  by  no  means  exact;  but  m Z of  aW,  also  > 

vapour,  which  stops  the  action  of  the  lrcsii  y 

• Phil.  Trans.  1858,  p.  COO,  where  will  be  found  other  valuable  observations  on  the. 
effect  of  external  agents  on  ciliary  action. 
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the  ciliary  motion.  Something,  moreover,  may  depend  on  the  facility  or  difficulty 
Y.dth  which  the  tissues  permit  the  narcotic  fluid  to  penetrate,  which  circumstance 
must  needs  influence  the  rapidity  and  extent  of  its  operation.  Again  we  see 
differences  in  the  mode  in  which  the  cilia  themselves  are  affected  by  the  same 
agent ; thus,  fresh  water  instantly  arrests  their  motion  in  certain  cases,  while  it 
has  no  such  effect  in  others. 

The  existence  of  vibrating  cilia  on  the  spores  and  other  parts  of  certain  crypto- 
gamic  vegetables  may  perhaps  be  considered  to  afford  an  argument  on  the 
opposite  side  ; but  it  is  by  no  means  proved  that  the  sensible  motions  of  plants 
(such,  at  least,  as  are  not  purely  physical),  and  those  of  animals,  do  not  depend 
on  one  common  vital  property. 


PIGMENT. 


Fig.  26. 


The  cells  of  the  cuticle,  and  of  other  epithelial  structures,  sometimes 
contain  a black  or  brown  matter,  which  gives  a dark  colour  to  the  parts 
over  which  the  cells  are  spread.  A well-marked  example  of  such 
pigmented  cells  in  the  human  body  is  afforded  by  the  black  coatino- 
which  lines  the  choroid  membrane  of  the  eye,  and  covers  the  posterior 
surface  of  the  iris.  Pigment  is  also  met  with  in  certain  cells  of  the 
investing  membrane  (pia  mater)  of  the  spinal  cord,  in  the  membranous 
labyrinth  of  the  ear,  and  (with  brownish  yellow  pigment)  on  the  olfactory 
region  of  the  nose.  J 

The  pigment,  strictly  so  called,  which  is  contained  within  the  cells 
■consists  of  black  or  brown  granules 
or  molecules  of  a round  or  oblong 
•shape,  and  almost  too  small  for  exact 
measurement.  These  molecules  are 
densely  packed  together  in  some 
•cells  ; in  others  they  are  more  scat- 
tered, and  then  it  may  be  seen  that 
there  is  a certain  amount  of  colour- 
less matter  included  along  with 
them.  When  they  escape  from  the 
ruptured  cells,  they  exhibit  very 
strikingly  the  “ Brownian  ” mole- 
cular movement  ; and  in  conse- 
quence of  this  movement  the  ap- 
parent figure  of  the  particles  is  sub- 
ject to  change.  It  is  worthy  of 
remark,  that  when  viewed  singly 
with  a very  high  magnifying  power 
they  look  transparent  and  almost 
colourless,  and  it  is  only  when  they 

are  heaped  together  that  their  blackness  distinctly  appears.  The 

bkck  particCles0UrleSS5  ^ ^ ^ generally  hidden  from  view  by  the 

an  co,11om;of  tlle  ne8T0  is  known  to  have  its  seat  in  the  cuticle, 

is  eaiiRprl  “f  deePer  and  softer  part  named  the  rete  mucosum.  It 
t"b/own  colouring  matter  within  the  cells,  either  diffused 
™ ^stance  or  m form  of  granules— usually  more  densely 

owe  tbpAdpnln  dth?  UUCleaS-  The  dark  Parts  of  the  European  skin 
granules  in  f]U1  dld'erent  shades  to  the  presence  of  pigment 

granules  in  the  cells  m different  proportions.  Lastly,  it  cannot  be 


Fig.  26. — Pigmented  Epithelium  Cells 
from  the  Choroid  ; magnified  370 
diameters  (Henle). 

A,  cells  still  cohering,  seen  on  their 
surface ; a,  nucleus  indistinctly  seen. 
In  the  other  cells  the  nucleus  is  con- 
cealed by  the  pigment  granules. 

B,  two  cells  seen  in  profile  ; a,  the 
outer  or  posterior  part  containing  scarcely 
any  pigment. 
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Fig.  27. 


Fig.  27. — Ramified  Cells, 

FROM  THE  TISSUE  OF  THE 

Choroid  Coat  of  the 
Eye  ; magnified  350 
diameters  (Kolliker). 


doubted*  that  in  both  the  coloured  and  white  races,  the  colouring  matter 

of  the  skin  is  the  same  in  its  essential  nature 
as  that  of  the  choroid.  In  Albino  individuals, 
both  negro  and  European,  in  whom  the  black 
matter  of  the  choroid  is  wanting,  the  cuticle  and 
the  hair  are  colourless  also. 

In  some  situations  the  pigment  is  met  with 
in  enlarged  and  irregularly  branched  corpuscles 
which  belong  to  the  connective  tissue.  Such  rami- 
fied cells  are  very  common  in  many  animals. 
In  the  human  body  cells  of  this  description  are 
found  in  the  dark  tissue  on  the  outer  surface  of 
the  choroid  coat,  lamina  fused  (fig.  27,  a a), 
and  on  the  pia  mater  covering  the  upper  part  of 
the  spinal  cord.  The  condition  of  the  pigment 
in  the  hairs  will  be  afterwards  noticed. 

When  the  cuticle  of  the  negro  is  removed  by 
means  of  a blister,  it  is  renewed  again  of  its 
original  dark  hue  ; but  if  the  skin  be  destroyed 
to  any  considerable  depth,  as  by  a severe  burn,. 
a,  cells  with  pigment ; ^he  resulting  scar  remains  long  white,  though  it 
1),  colourless  fusiform  cells.  length  acquires  a dark  colour. 

■evened  chemicallv,  the  black  matter  is  found  to  be  in- 

wsass-s  r. 

seems^obviously  intended  to  absorb  re; 

so  apparent.  The  pigment  of  the  the 

itself  to  deep-seated  parts.  Thus,  m tue  « . imparts  a black  colour- 

blood-vessels  are  speckled  over  with  it,  and  in  many  nsn  impa 
to  the  peritoneum  and  other  internal  membranes. 

CONTN'ECTIVE  TISSUE. 

This  substance  consists  of  fibres .of  two  kinds  more : or 
matter,  and  peculiar  corpuscles.  By  means  o its  fibres 
animal  body  as  a bond  of  comnectr ™ them 

covering  or  investment  to  different  oiau  , 0*Lm»trirp  and  con- 

outwardly,  but,  in  many  cases  entering  m o corpuscles,  on  the 

necting  Ll  supporting 

appear ^tc^be  i^sentiaUy Concerned  Tn  ^tbe  nutrition  anl  ^ration  of 

‘fce  principal  modifications  or  wieMes  ^Xrall^tttaUn 
long  been  recognised,  consisting  of  Gxllibitino;  a difference  in  their 
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known  as  the  areolar  (including  the  fat),  the  fibrous , and  the  elastic 
tissues,  and  will  be  now  severally  treated  of.  Without  disregarding  the 
alliance  of  cartilage  and  bone  to  the  connective  tissues,  we  shall  not, 
in  imitation  of  some  respected  authorities,  include  them  in  the  same 
group  ; but  there  remain  certain  forms  of  tissue,  occurring  locally,  or 
met  with  as  constituents  of  other  textures,  which  properly  belong  to 
this  head,  and  will  be  briefly  considered  in  a separate  section  as  sub- 
ordinate varieties  of  connective  tissue. 


Cartilage  and  bone  are  included  in  the  group  of  connective  tissues  or  connec- 
tive substances  by  several  eminent  German  histologists,  and  present  undoubted 
points  of  relationship  with  these  tissues,  both  in  their  nature  and  the  general 
purpose  which  they  serve  in  the  animal  frame.  Thus,  yellow  cartilage  shows  an 
unmistakable  transition  to  elastic  connective  tissue,  as  fibro-cartilage  does,  even 
more  decidedly,  to  white  fibrous  tissue.  Moreover,  the  animal  basis  of  bone 
agrees  entirely  in  chemical  composition,  and  in  many  points  of  structure,  with 
the  last-named  tissue.  Still,  when  it  is  considered  that  cartilage,  in  its  typical 
form,  consists  of  a quite  different  chemical  substance,  chondrin,  and  that  bone  is 
-characterised  by  an  impregnation  of  earthy  salts,  it  seems  more  consistent  with 
the  purpose  of  histological  description  to  recognise  cartilage  and  bone  as  inde- 
pendent tissues.  As  to  their  community  of  origin,  little  stress  need  be  laid  on  it 
as  a basis  of  classification,  seeing  that  the  origin  of  blood-vessels,  nerves,  and 
muscles,  may  be  traced  up  to  protoplasm-cells,  to  all  appearance  similar  to  those 
that  give  rise  to  the  connective  tissues,  and  belonging  to  the  same  embryonic 
layer. 

THE  AREOLAR  TISSUE. 


Distribution  and  arrangement. — If  we  make  a cut  through  the 
■skin  and  proceed  to  raise  it  from  the  subjacent  parts,  we  observe 
that  it  is  loosely  connected  to  them  by  a soft  filamentous  substance, 
•of  considerable  tenacity  and  elasticity,  and  having,  when  free  from 
fat,  a white  fleecy  aspect ; this  is  the  substance  known  by  the  names 
of  “cellular,”  “areolar,”  “filamentous,”  “connective,”  and  “reticular” 
tissue  ; it  used  formerly  to  be  commonly  called  “ cellular  mem- 
brane.’ In  like  manner  the  areolar  tissue  is  found  underneath  the 
•serous  and  mucous  membranes  which  are  spread  over  various  internal 
surfaces,  and  serves  to  attach  those  membranes  to  the  parts  which 
they  line  or  invest  ; and  as  under  the  skin  it  is  named  « sub- 
cutaneous,” so  in  the  last-mentioned  situations  it  is  called  “ sub- 
serous  ” and  « submucous  ” areolar  tissue.  But  on  proceeding  further 
we  find  this  substance  lying  between  the  muscles,  the  blood-vessels,  and 
other  deep-seated  parts,  occupying,  in  short,  the  intervals  between  the 
ainerent  organs  of  the  body  where  they  are  not  otherwise  insulated,  and 
t lienee  named  “ intermediate  ; ” very  generally,  also,  it  becomes  more 
consistent  and  membranous  immediately  around  these  organs,  and, 
under  the  name  of  the  “ investing  ” areolar  tissue,  affords  each  of  them 
a special  sheath.  It  thus  forms  inclosing  sheaths  for  the  muscles,  the 
eives,  ie  blood-vessels,  and  other  parts.  Whilst  the  areolar  tissue 
^ .)ls  be  said  m some  sense  both  to  connect  and  to  insulate  entire 
f i a 80  Pcr forms  the  same  office  in  regard  to  the  finer  parts  of 
fib  ff  01  are  made  up;  for  this  end  it  enters  between  the 
memb  « e ^nscles,  uniting  them  into  bundles  ; it  connects  the  several 
-mrl  lnbnloo S Z^01'8  hollow  viscera,  and  binds  together  the  lobes 
‘ j nprvoo  ° ^any  compound  glands  ; it  also  accompanies  the  vessels 
finpd  fibril, a 1 ain  these  organs,  following  their  branches  nearly  to  their 
ns,  and  affording  them  support  and  protection.  This  portion 
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of  tlie  areolar  tissue  has  been  named  the  “ penetrating,”  “ constituent,” 
or  “ parenchymal.” 

It  thus  appears  that  the  areolar  is  one  of  the  most  general  and  most 
extensively  distributed  of  the  tissues.  It  is,  moreover,  continuous 
throughout  the  body,  and  from  one  region  it  may  be  traced  without 
interruption  into  any  other,  however  distant ; a fact  not  without 
interest  in  practical  medicine,  seeing  that  in  this  way  dropsical  waters, 
air,  blood,  and  urine,  effused  into  the  areolar  tissues,  and  even  the 
matter  of  suppuration,  when  not  confined  in  an  abscess,  may  spread  far 
from  the  spot  where  they  were  first  introduced  or  deposited. 

On  stretching  out  a portion  of  areolar  tissue  by  drawing  gently  asunder 
the  parts  between  which  it  lies,  it  presents  an  appearance  to  the  naked 
eye  of  a multitude  of  fine,  soft,  and  somewhat  elastic  threads,  quite  trans- 
parent and  colourless,  like  spun  glass  ; these  are  intermixed  with  fine 
transparent  films,  or  delicate  membranous  laminae,  and  both  threads  and 
laminae  cross  one  another  irregularly  and  in  all  imaginable  directions 
leaving  open  interstices  or  areolae  between  them.  These  meshes  are, 
of  course,  more  apparent  when  the  tissue  is  thus  stretched  out ; it  is 
plain  also  that  they  are  not  closed  cells,  as  the  term  “cellular  tissue” 
might  seem  to  imply,  but  merely  interspaces,  which  open  freely  into  one 
another  : many  of  them  are  occupied  by  the  fat,  which,  however,  does 
not  lie  loose  in  the  areolar  spaces,  but  is  enclosed  in  its  own  vesicles. 
A small  quantity  of  colourless  transparent  fluid  is  also  present  in  the 
areolar  tissue,  but,  in  health,  not  more  than  is  sufficient  to  moisten  it. 
This  fluid  is  generally  said  to  be  of  the  nature  of  serum  ; but  it  is  not 
improbable  that,  unless  when  unduly  increased  in  quantity  or  altered 
in  nature  by  disease,  it  may  resemble  more  the  liquor  sanguinis,  as  is 
the  case  with  the  fluid  of  most  of  the  serous  membranes.  _ 

On  comparing  the  areolar  tissue  of  different  parts,  it  is  obseivcd  in 
some  to  be  more  loose  and  open  in  texture,  in  others  more  dense  and 
close  according  as  free  movement  or  firm  connection  between  parts 
is  to  be  provided  for.  In  some  situations,  too,  the  laminm  are  more 
numerous  ; in  others  the  filamentous  structure  predominates,  or  even 
prevails  exclusively  ; but  it  does  not  seem  necessary  to  designate  these 
varieties  by  particular  names,  as  is  sometimes  done.  . 

Fibres. — When  examined  under  the  microscope,  the  areolar  tissue 
is  seen  to  be  principally  made  up  of  exceedingly  fine,  transparent,  and 
apparently  homogeneous  filaments,  from  about  5-owofh  to  2 5 p oijtii  op  an 
inch  in  thickness,  or  even  less  (fig.  28).  These  are  seldom  single,  being 
mostly  united  by  means  of  a small  and  usually  imperceptible  quantity 
of  a homogeneous  connecting  substance  into  bundles  and  filamentous 
laminae  of  various  sizes,  which  to  the  naked  eye,  appear  as  simp  e 
threads  and  films.  Though  the  bundles  may  intersect  m every  direction, 
the  filaments  of  the  same  bundle  run  nearly  parallel  to  each  othci,  and 
no  one  filament  is  ever  seen  to  divide  into  branches  or  to  unite  with 
another.  The  associated  filaments  take  an  alternate  bending  01  wavm 
course  as  they  proceed  along  the  bundle,  but  still  maintain  theirgenera 
narallelism.  This  wavy  aspect,  which  is  very  characteristic  of  these 
filaments,  disappears  on  stretching  the  bundle,  but  returns  again  w ion 

ifc  The  filaments  just  described,  though  transparent  when  seen  with 
transmitted  light  under  the  microscope,  appear  white  when  col- 
lected in  considerable  quantity  and  seen  with  reflected  ligli  ; an  y 
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Fig.  28. 


Fig.  28.  — Filaments  op  Areolar  Tissue,  in  larger 

AND  SMALLER  BUNDLES,  AS  SEEN  UNDER  A MAGNIFYING 
POWER  OF  400  DIAMETERS. 


not  only  occur  in  the  areolar  tissue  strictly  so  called,  but  form  the  chief 
part  of  the  tendons,  ligaments,  and  other  white  fibrous  connective 
tissues.  They  were 
long  supposed  to  be 
the  only  fibrous  con- 
stituent existing  in 
the  areolar  tissue,  but 
it  is  now  well  known 
that  fibres  of  another 
kind  are  intermixed 
with  them  ; these 
agree  in  all  characters 
and  are  obviously 
identical  with  the 
fibres  of  the  yellow 
elastic  tissue,  and 
have  accordingly  been 
named  the  yellow  or 
elastic  fibres,  to  dis- 
tinguish them  from 
the  white  or  waved 
filaments  above  de- 
scribed. 

In  certain  portions 
of  the  areolar  tissue, 
as  for  instance  in  that 
which  lies  under  the 

serous  and  mucous  membranes  of  particular  regions,  the  yellow  or  elastic 
fibres  are  abundant  and  large,  so  that  they  cannot  well  be  overlooked  ; 
but  in  other  parts  they 

are  few  in  number,  and  Fio-  29- 

small,  and  are  then  in  a 
great  measure  hidden  by 
the  white  filaments  ; in 
such  cases,  however,  they 
can  always  be  rendered 
conspicuous  under  the 
microscope  by  means  of 
acetic  acid,  which  causes 
the  white  filaments  to 
swell  up  and  become  in- 
distinct, whilst  the  elastic 
fibres,  not  being  affected 
by  that  re-agent,  come 
then  more  clearly  into 
view  (fig.  29).  More- 
over, they  resist  the 
action  of  boiling  alka- 
line solutions  of  potash 
and  soda,  of  moderate 
strength,  which  very 
speedily  destroy  the  rest 
of  the  tissue.  Under  the 


a ~ 


Fig.  29.  — Magnified  View  of  Areolar  Tissue 
(from  different  parts)  treated  with  Acetic 
Acid. 

The  white  filaments  are  no  longer  seen,  and  'the 
yellow  or  elastic  fibres  with  the  nuclei  come  into  view. 
At  c,  a bundle  of  white  fibres,  which  is  swollen  out  by 
the  effect  of  the  acid,  and  presents  a number  of  con- 
stricting bands  as  described  in  the  text. 
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microscope  the  clastic  fibres  appear  transparent  and  colourless,  with  a 
strong,  well-defined,  dark  outline.  They  arc  further  remarkable  for 
their  tendency  to  curl  up,  especially  at  their  broken  ends,  which  gives 
them  a very  peculiar  aspect ; and  in  many  parts  of  the  areolar  tissue 
they  divide  into  branches  and  join  or  anastomose  with  one  another, 
in  the  same  manner  as  in  the  pure  elastic  tissue  (a).  They  differ  among 
themselves  very  widely  in  size,  some  being  as  fine  as  the  white  fila- 
ments, others  many  times  larger. 

The  elastic  fibres  lie,  for  the  most  part,  without  order,  among  the  bundles  of 
white  filaments  ; but  here  and  there  we  see  what  appears  to  be  an  elastic  fibre 
winding  round  one  of  these  bundles,  and  encircling  it  with  several  spiral  turns. 
When  acetic  acid  is  applied,  the  fasciculus  swells  out  between  the  constricting 
turns  of  the  winding  fibre,  and  presents  a highly  characteristic  appearance  (c). 
This  remarkable  disposition  of  the  elastic  fibres,  which  was  pointed  out  by  Henle, 
is  not  uncommon  in  certain  parts  of  the  areolar  tissue  ; it  may  be  always  seen 
in  that  which  accompanies  the  arteries  at  the  base  of  the  brain.  It  must  be 
observed,  however,  that  the  encircling  fibre  sometimes  forms  not  a continuous 
spiral,  but  several  separate  rings  ; moreover,  the  whole  appearance  may  be 
explained  on  the  supposition  that  the  bundles  in  question  are  naturally  invested 
with  a delicate  sheath,  which,  like  the  elastic  tissue,  resists  acetic  acid,  but, 
on  the  swelling  up  of  the  bundle  under  the  operation  of  that  agent,  is  rent  into 
shreds  or  segments,  mostly  annular  or  spiral,  which  cause  the  constrictions.  Indeed, 
some  bundles  have  been  shown  to  possess  such  a sheath,  made  up  of  flattened 


d,  branched  corpuscle;  e,  flattened  cor-  nv  mm  cl -substance  and 


Fig.  30. 


cells  (Ranvier,  Key  and  Retzius). 
Moreover,  the  union  of  branches  of 
the  corpuscles  (to  be  immediately 
noticed)  around  a bundle  may,  in 
some  instances,  be  the  cause  of  the 
appearance  (Kolliker). 


Fig.  30. — Cells  from  Subcutaneous  Con- 
nective Tissue  of  Young  Guinea-pig. 
Magnified  350  diameters. 


A very  different  view  of  the  struc- 
ture of  areolar  tissue  from  that 
here  stated  was  taken  by  Reichert, 
and  adopted  by  Virchow,  Donders, 
and  other  distinguished  histologists. 
Acc'ording  to  this  view  the  apparent 
bundles  consist  of  a substance  in 
reality  amorphous  or  homogeneous, 
and  its  seeming  fibrillation  is  partly 
artificial,  the  result  of  cleavage,  and 
partly  an  optical  illusion,  arising 
from  creasing  or  folding.  In  point 
of  fact,  however,  the  bundles  readily 
separate  into  fibrils  after  exposure 
to  dilute  solutions  of  chromic  acid, 
or  to  lime-water,  or  to  baryta-water, 
by  which  the  uniting  matter  is  dis- 
solved ; so  that  there  can  be  no 
doubt  of  their  truly  fibrillar  struc- 
ture. At  the  same  time  it  is  not 
denied  that  immature  fasciculi  may 
probably  occur,  in  which  the  fibril- 
lation is  incomplete. 


of  a variable  amount  of  homogeneous  cementing  matter 


means 
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Fig.  31. 


ground-substance,  which  also  covers  the  surface  of  the  bundles.  In 
this  substance  lie  the  cellular  elements  of  the  tissue,  the  con- 
nective-tissue corpuscles  (figs. 

30,  31).  These  bodies,  which 
are  of  a protoplasmic  nature, 
are  commonly  of  a flattened 
form  and  not  unff  equently  have 
processes  which  ramify  in  the 
tissue  and  may  anastomose 
with  branches  from  neighbour- 
ing corpuscles  (fig.  31).  The 
cells  have  each  a clear  round 
or  oval  nucleus,  containing 
one  or  more  nucleoli : occa- 
sionally two  nuclei  are  to  be 
seen  in  a cell.  Besides  pre- 
senting considerable  variations 
in  size  and  shape  the  corpus- 
cles also  exhibit  differences  in 
the  character  of  their  proto- 
plasm (see  fig.  30),  which  in 
some  is  coarsely  granular  in 
appearance,  in  others  finely 
granular,  or  even  perfectly  clear  „ 

and  pellucid,  with  a few  coarse  CoNNE7IVE-TISSUE  co0R' 

gianuies  scattered  in  it  here  diameters. 
and  there,  whilst  in  others 


Fig. 


again  there  is  a distinct  appearance  of  striation  or  fibrillation  withir 
the  cell  ; but  these  differences  have  hardly  as  yet  been  sufficiently 
investigated.  • J 

The  cells  (with  their  pro- 
cesses) occupy  spaces  in  the 
ground  - substance  which 
they  more  or  less  com- 
pletely fill,  and  which  there- 
fore closely  correspond  to 
the  corpuscles  themselves  in 
size  and  form,  and  in  their 
branching  and  intercommu- 
nication. These  cell-spaces 
(Saftcanalchen,  Reckling- 
hausen) are  brought  into 
view  by  treating  the  tissue 
with  a solution  of  nitrate  of 
silver  and  subsequently  ex- 
posing it  to'  the  light,  by 

r P;ound-s.uhstance  and  fibrils  of  the  tissue  are  stained  o 

unstainprl  Q TP1  whereas  the  protoplasm  of  the  cells  remains 
ed,  and  the  cell-spaces  consequently  appear  white  (fig.  32).* 


Fig.  32. — Cell-Spaces  of  Subcutaneous  Con- 
nective-tissue, Nitrate  of  Silver  Prepara- 
tion. 340  DIAMETERS. 


is  probabl? S tf Trlno^!! Vo!  ?°£S  skiR  Pre™usly  noticed  (pp.  12,  13),  it 

mcnted  matter  i«  > branched  bguie  which  remains  after  the  shrinking  of  the  pig- 

substance1  (Sharpey  ) °Ut  me  °f  ^ cell~sPace>  which  was  previously  filled  by  the  cell- 
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In  some  parts  of  tlie  tissue,  and  especially  on  the  surface  of  the 
laminae,  patches  of  cells  are  here  and  there  to  be  found  which  present 
an  epithelioid  appearance  in  silver  preparations,  the  cells  being  much 
flattened,  and  joined  edge  to  edge,  with  but  a small  amount  of 
intercellular  or  ground  substance  between  them,  like  the  layer  on  the 
inner  surface  of  a serous  membrane.  The  cells  at  the  margin  of  such  a 
patch,  however,  commonly  have  processes  at  their  free  border,  and  every 
transition  is  found  between  these  epithelioid  cells  and  the  ordinary 
branched  and  irregular  cells  of  the  tissue. 

Corpuscles  of  a fusiform  shape  are  not  so  common  in  the  adult  as 
was  at  one  time  supposed  ; the  appearance  being  generally  produced  by 
flattened  cells  seen  edgewise. 

The  connective-tissue  corpuscles  are  for  the  most  part  considerably 
larger  than  the  pale  blood-corpuscles  (which  are  also  to  be  found 
in  the  tissue  (fig.  30,  l),  having  probably  escaped  from  the  vessels),  and 
do  not,  like  these,  exhibit  active  movements  of  locomotion,  the  motions 
which  have  been  observed  in  them  consisting  merely  of  slow  protrusion 
and  retraction  of  processes  or  straining  movements  of  the  protoplasm 


composing  them.  . 

Vessels  and  Nerves. — Numerous  blood-vessels  are  seen  m tne 
areolar  tissue  after  a minute  injection.  These  for  the  most  part  only 
pass  through  it  on  their  way  to  other  more  vascular  textiues,  but  a tew 
seem  to  end  in  capillaries  destined  for  the  tissue  itself,  and  dense 
clusters  of  vessels  are  distributed  to  the  fat-lobules.  Large  lymphatic 
vessels  proceeding  to  distant  parts  also  pass  along  this  texture,  and 
abundant  lymphatic  networks  may  be  discovered  in  many  parts  ot 
the  subcutaneous,  subserous,  and  submucous  areolar  tissue,  having 
evident  relation  to  the  function  of  the  membranes  under  which  they 
lie.  A close  connection  subsists  between  the  cells  of  the  areolar  tissue 
and  the  commencements  of  the  lymphatics  ; for  the  flattened  cells  which 
form  the  walls  of  the  latter  vessels  are  in  contact  with,  and  pass  into, 
the  connective-tissue  corpuscles  of  the  tissue  in  which  they  lie.  _ in 
this  manner  the  cell-spaces  of  the  connective  tissue  are  brought  m o 
intimate  relation  with  the  lymphatics,  and  the  latter  vessels  may,  m a 
certain  sense,  be  described  as  originating  in  the  net-work  of  cell-spaces 
which  the  tissue  commonly  contains.  Absorption  readily  takes  place 
from  the  interstices  of  the  texture,  but  that  process  may  be  effected 
through  the  agency  of  blood-vessels  as  well  as  ot  lymphatics. 

Larger  and  smaller  branches  of  nerves  also  traverse  this  tissue  on 
their  way  to  other  parts ; but  it  has  not  been  shown  that  any  reman 
in  it,  and  accordingly  it  may  be  cut  in  a living  animal  apparently  with- 
out giving  pain,  except  when  the  instrument  meets  with  any  of  these 

traversing  branches.  ?It  is 

in  those  parts  of  the  areolar  tissue,  which,  like  that  ot  the  sen  tii  , 
contain  contractile  fibres  ; but,  if  present  m such  cases, , i ^ 

the  vessels  of  the  fat,  are,  after  all,  destined  not  to  the  areolar  tissue 

but  to  another  mixed  with  it.  . • „ ~nri 

Composition  and  Properties-The  areolar  tissue  contains  a con- 
siderable quantity  of  water,  and  consequently  loses  muc  i ° . 

by  drying  It  is  almost  wholly  resolved  into  gelatin  by  boding  in 
K Acetic  acid  causes  it,  that  is  the  bundles  of  wh,  e fib 
swell  up  into  a soft,  transparent,  jelly-like  mass  , bu  - 

condition  may  be  restored  by  a solution  of  an  alkaline  cat  . • 
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The  physical  properties  of  this  texture  have  been  sufficiently  indicated 
in  the  foregoing  description  ; also  its  want  of  sensibility.  The  vital 
contractility  ascribed  to  certain  portions  of  it  is  most  probably  due  to 
the  presence  of  muscular  tissue. 

Regeneration.— With  the  exception  of  the  epithelium,  no  tissue 
is  so  readily  regenerated  as  the  areolar.  It  is  formed  in  the  healing 
of  wounds  and  °in  the  adhesion  of  inflamed  surfaces.  It  is  produced 
also  in  many  morbid  growths. 


ADIPOSE  TISSUE. 

The  human  body  in  the  healthy  state  contains  a considerable  amount 
of  fatty  matter  of  different  kinds.  Fat,  as  has  been  already  stated,  is 
found  in  the  blood  and  chyle,  and  in  the  lymph,  but  much  more 
sparingly.  It  exists,  too,  in  several  of  the  secretions,  in  some  consti- 
tuting the  chief  ingredient  ; and  in  one  or  other  of  its  modifications  it 
enters  into  the  composition  of  certain  solid  textures.  But  by  far 
the  greater  part  of  the  fat  of  the  body  is  inclosed  in  small  cells  or 
vesicles,  which,  together  with  their  contained  matter,  constitute  the 
adipose  tissue. 

Distribution. — This  tissue  is  not  confined  to  any  one  region  or 
organ,  but  exists  very  generally  throughout  the  body,  accompanying 
the  still  more  widely  distributed  areolar 
tissue  in  most  though  not  in  all  parts  in  Fig.  33. 

which  the  latter  is  found.  Still  its  dis- 
tribution is  not  uniform,  and  there  are 
certain  situations  in  which  it  is  collected 
more  abundantly.  It  forms  a consider- 
able layer  underneath  the  skin,  and, 
together  with  the  subcutaneous  areolar 
tissue  in  which  it  is  lodged,  constitutes 
in  this  situation  what  has  been  called 
the  panniculus  adiposus.  It  is  collected 
in  large  quantity  round  certain  internal 
parts,  especially  the  kidneys.  It  is  seen 
filling  up  the  furrows  on  the  surface 
of  the  heart,  and  imbedding  the  vessels 
of  that  organ  _ underneath  its  serous 
covering ; and  in  various  other  situa- 
tions it  is  deposited  beneath  the  serous 
membranes,  or  is  collected  between 
their  folds,  as  in  the  mesentery  and 
omentum,  at  first  generally  gathering 
along  the  course  of  the  blood-vessels  and 
at  length  accumulating  very  copiously. 

Collections  of  fat  are  also  common  round 
the  joints,  lying  on  the  outer  surface  of 
. ie  sy^pyial  membrane,  and  filling  up 
inequalities  ; in  many  cases  lodged,  like 
tnc  tat  of  the  omentum,  in  folds  of  the 
membrane, which  project  into  the  articular 

STVf  , . astl7’  the  fat  exists  in  large  quantity  in  the  marrow  of  bones, 
ie  o ler  hand,  there  are  some  parts  in  which  fat  is  never  found 


Fig.  33. — Loose  Areolar  Tissue 
with  Fat-Cells  ; of  Man.  (Kol- 
liker. ) 
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Fig.  34. 


in  the  healthy  condition  of  the  body.  Thus  it  does  not  exist  in  the  sub- 
cutaneous areolar  tissue  of  the  eyelids  and  penis,  nor  in  the  lungs, 
nor  within  the  cavity  of  the  cranium. 

Structure. — When  subjected  to  the  microscope,  the  adipose  tissue 
(fig.  33)  is  seen  to  consist  of  small  vesicles,  filled  with  an  oily  matter, 
and  for  the  most  part  lodged  in  the  meshes  of  the  areolar  tissue.  The 
vesicles  are  most  commonly  collected  into  little  lobular  clusters,  and 
these  again  into  the  little  lumps  of  fat  which  we  see  with  the  naked  eye, 
and  which  in  some  parts  are  aggregated  into  round  or  irregular  masses  of 
considerable  magnitude.  Sometimes  the  vesicles,  though  grouped 
together,  have  less  of  a clustered  arrangement  ; as  when  they  collect 
alongside  of  the  minute  blood-vessels  of  thin  membranous  parts. 

In  well-nourished  bodies  the  vesicles  or  fat-cells  are  round  or  oval, 

unless  where  packed  closely  together,  in 
which  case  they  acquire  an  angular  figure, 
and  bear  a striking  resemblance  to  the  cells 
of  vegetable  tissues.  The  greater  number  of 
them  are  from  ^^th  to  ^-^th  of  an  inch 
in  diameter,  but  many  exceed  or  fall  short 
of  this  measurement.  Each  one  consists  of 
a very  delicate  envelope,  inclosing  the  oily 
matter,  which,  completely  filling  the  enve- 
lope, appears  as  a single  drop. 

A nucleus  is  commonly  present  (fig.  34), 
but  is  usually  obscured  by  the  fatty  matter. 
The  envelope  is  the  remains  of  the  original 
protoplasm  of  the  embryonic  cell : it  is  gen- 
erally quite  transparent  and  apparently 
homogeneous  in  structure.  According  to 
some  authorities  it  consists  of  two  parts, 
a delicate  structureless  external  membrane, 
and  a layer  of  finely  granular  protoplasm 
immediately  surrounding  the  fat. 

Such  is  the  normal  condition,  hut  in  emaciated,  dropsical,  and  old  persons,  the 
oily  contents  of  the  cells  may  become  wholly  or  partially  removed,  in  which  case 
serous  fluid  may  be  found  occupying  its  place,  and  then  too  the  nucleus  becomes 

* ^ The  common  fat  of  the  human  body  consists  essentially  of  palmitin,  stearin 
and  olein,  which  are  the  compounds  of  glycerine  with  palmitic,  stearic  and  oleic 
acids  respectively.  These  compounds,  which  are  considered  to  be  glycerine- 
ethers,  contain  three  equivalents  of  the  fatty  acid  to  each  equn  a en  o g yce 
rine  ; they  have  hence  been  termed  tri-palmitin,  tri-stearm,  and  tn-olem. 
The  tri-olein,  or  liquid  fat,  holds  the  other  two  in  solution  ; and  the  varying 
consistency  of  animal  fats  depends  on  the  relative  proportion  of  the  solid  and 
liquid  ingredients.  During  life  the  oily  matter  contained  m le  cc  is  qui  , 
but  the  acicular  crystalline  spots  which  are  sometimes  seen  after  death  indicate 

a partial  solidification  of  one  of  its  constituents. 

The  fat  being  thus  contained  in  closed  cells,  it  will  be  readily  unders  J , 

though  liquid  or  nearly  so  in  the  living  body,  it  does  not  shift  its  place in 
obedience  to  pressure  or  gravitation,  as  happens  with  the  water  o .?11S?  • r 
other  fluids  effused  into  the  interstices  of  the  areolar  tissue  ; such  bmng 

unconfined,  of  course  readily  pass  from  one  place  to  another  throug  P 

meshes. 

The  areolar  tissue  connects  and  surrounds  the  larger  lumps  of  fat, 


Fig.  34.— Fat  Cells  prom 
Rabbits’  Omentum,  showing 
Nucleus  and  Protoplasmic 
Envelope,  with  supporting 
Areolar  Tissue  between 
the  Cells  (Klein). 
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but  forms  no  special  envelope  to  the  smaller  clusters  ; and  although 
fine  fasciculi  and  filaments  of  that  tissue  pass  irregularly  over  and 
through  the  clusters,  yet  it  is  probable  that  the  vesicles  are  held 
together  in  these  groups  mainly  by  the  fine  network  of  capillary  vessels 
distributed  to  them.  In  the  marrow  the  connective  tissue  is  very 
scanty  ; indeed,  the  fat-cells  in  some  parts  of  the  bones  are  said  to  be 
altogether  unaccompanied  by  connective  filaments. 

The  adipose  tissue  is  copiously  supplied  with  blood-vessels.  The 
larger  branches  of  these  pass  into  the  fat-lumps,  where  they  run  between 
the  lobules  and  subdivide,  till  at  length  a little  artery  and  vein  are  sent 
to  each  small  lobule,  dividing  into  a network  of  capillary  vessels,  which 
not  only  surrounds  the  cluster  externally,  but  passes  through  between 
the  vesicles  in  all  directions,  supporting  and  connecting  them.  The 
lymphatics  of  the  fat  are  in  close  relation  to  the  blood-vessels, 
accompanying  and  occasionally  completely  enclosing  them,  as  they 
enter  the  lobule.  No  nerves  have  been  seen  to  terminate  in  this  tissue, 
although  nerves  destined  for  other  textures  may  pass  through  it. 
Accordingly  it  has  been  observed  that,  unless  when  such  traversing 
nervous  twigs  happen  to  be  encountered,  a puncturing  instrument  may 
be  carried  through  the  adipose  tissue  without  occasioning  pain. 


TJses  and  Amount.— As  to  the  uses  of  the  fatty  tissue,  it  may  be  observed,  in 
the  first  place,  that  it  serves  the  merely  mechanical  purpose  of  a light,  soft 
and  elastic  packing  material  to  fill  vacuities  in  the  body.  Being  thus  deposited 
between  and  around  different  organs,  it  affords  them  support,  facilitates  motion, 
and  protects  them  from  the  injurious  effects  of  pressure.  In  this  way,  too,  it 
gives  to  the  exterior  of  the  body  its  smooth,  rounded  contour.  Further,  being  a 
bad  conductor  of  heat,  the  subcutaneous  fat  must  so  far  serve  as  a means’ of 
retaining  the  warmth  of  the  body,  especially  in  warm-blooded  creatures  exposed 
to  great  external  cold,  as  the  whale  and  other  cetaceous  animals,  in  which  it 
forms  a very  thick  stratum. 


But  the  most  important  use  of  the  fat  is  in  the  process  of  nutrition.  Com- 
posed chiefly  of  carbon  and  hydrogen,  it  is  absorbed  into  the  blood  and  consumed 
in  respiration,  combining  with  oxygen  to  form  carbonic  acid  and  water,  and  thus 
contributing  with  other  hydrocarbonous  matters  to  maintain  the  heat  of  the 
body  ; and  it  is  supposed  that  when  the  digestive  process  introduces  into  the 
system  more  carbon  and  hydrogen  than  is  required  for  immediate  consumption 
the  excess  of  those  elements  is  stored  up  in  the  form  of  fat.  to  become  available 
tor  use  when  the  expenditure  exceeds  the  immediate  supply.  According  to  this 
view,  active  muscular  exercise,  which  increases  the  respiration,  tends  to  prevent  the 
accumulation  of  fat  by  increasing  the  consumption  of  the  hydrocarbonous  matter 
introduced  into  the  body.  Again,  when  the  direct  supply  of  calorific  matter  for 
respiration  is  dnmmshed  or  cut  off  by  withholding  food,  or  by  interruption  of  the 
Sf®8 Process-  nature  has  recourse  to  that  which  has  been  reserved  in  the 

f ; and  Y1  the  wastin°  of  the  boc|y  caused  by  starvation,  the  fat  is  the 
pan;  nrst  consumed. 


ho3h^n?fpfcllftfaVY  nUtrition  iswel1  ^ustrated  by  what  occurs  in  the  hedge- 
is  amended  S ^ In  these  function  of  alimentation 

to  the  lowest  YGir  ^vm^er  sleeP  ; an<i  though  their  respiration  is  reduced 

yet  a coSrAr  ™th  life,  and  their  temperature  falls,  there  is 

fat  between  *™oun\of  hydrocarbonous  material  provided  in  the  shape  of 
period  or  nert  ns  7 «ati°n  commences>  to  slowly  consumed  dining  that 

l^^et  ^s^0Xd  ^ mmediate  SUpply  °n  thek  -P-tion  becoming* 

about  one  tiveurieH ^ fd +1^^  mean  quantity  of  fat  in  the  human  subject  is 

t V pS'SaTS?1  thY  Weight  0f  the  body>  from  what  has  been  said, 
plain  that  the  amount  must  be  subject  to  great  fluctuation.  The  proportion 
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is  usually  largest  about  the  middle  period  of  life,  and  greatly  diminishes  in  old 
age.  High  feeding,  repose  of  mind  and  body,  and  much  sleep,  favour  the  pro- 
duction of  fat.  To  these  causes  must  be  added  individual  and  perhaps  hereditary 
predisposition.  There  is  a greater  tendency  to  fatness  in  females  than  males  ; 
also,  it  is  said,  in  eunuchs.  The  effect  of  castration  in  promoting  the  fattening 
of  domestic  animals  is  well  known. 

In  infancy  and  childhood  the  fat  is  confined  chiefly  to  the  subcutaneous  tissue. 
In  after-life  it  is  more  equally  distributed  through  the  body,  and  in  proportion- 
ately greater  quantity  about  the  viscera.  In  Hottentot  females  fat  accumulates 
over  the  gluteal  muscles,  forming  a considerable  prominence  ; and,  in  a less 
degree,  over  the  deltoid.  A tendency  to  local  accumulations  of  the  subcutaneous 
fat  is  known  to  exist  also  in  particular  races  of  quadrupeds. 

Development. — According  to  Valentin  the  fat  first  appears  in  the 
human  embryo  about  the  fourteenth  week  of  intra-uterine  life.  It  is 
deposited  in  the  form  of  minute  granules  or  droplets  in  certain  cells 
of  the  connective  tissue  (fig.  35,/,/):  these  droplets  increase  in  size 


Fig.  35. 


Fw.  35.— Development  of  Fat  in  Cells  of  Subcutaneous  Connective  Tissue  of 
new-born  Rat.  About  3o0  diameters. 

cells  containing  fat  global*;  ta  '“p 

' lLe  « - *•  « 

omitted  for  the  sake  of  clearness. 

and  eventually  run  together  so  as  to  form  one  large  drop  in  each  cell. 
Bv  further  deposition  this  comes  to  be  considerably  larger  tin 
¥ ■ -i  ii  rvmtonlasm  of  which  remains  as  a delicate  envelope 

original  cell,  he  pio  op  asm  ot  » ^ ^ ^ month  the  fat.ceUs 

haTtagefy  Leased  in  number,  and  have  become  collated  into 

but  this,  as  already  stated,  becomes 

aVet"fat  withta'the  cells  is  preceded  and  accompanied  by 
to  be  afterwards  described. 
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Distribution. — This  substance  is  one  of  those  which  are  serviceable 
in  the  body  chiefly  on  account  of  their  mechanical  properties,  being  em- 
ployed to  connect  together  or  to  support  and  protect  other  parts.  It  is 
met  with  in  the  form  of  ligaments,  connecting  the  bones  together  at  the 
joints  ; it  forms  the  tendons  of  muscles,  into  which  their  fleshy  fibres 
are  inserted,  and  which  serve  to  attach  these  fibres  to  the  bones.  In  its 
investing  and  protecting  character  it  assumes  the  membranous  form, 
and  constitutes  a class  of  membranes  termed  “ fibrous.”  Examples  of 
these  are  seen  in  the  periosteum  and  perichondrium  which  cover  the 
bones  and  cartilages,  in  the  dura  mater  which  lines  the  skull  and  pro- 
tects the  brain,  and  the  fibrous  layer  which  strengthens  the  pericardium, 
also  in  the  albugineous  coat  of  the  testicle,  and  the  sclerotic  coat  of  the 
eye,  which  inclose  the  tender  internal  parts  of  these  organs.  Fibrous 
membranes,  named  “ aponeuroses  ” or  “ fasciai,”  are  also  employed  to 
envelope  and  bind  down  the  muscles  of  different  regions,  of  which  the 
great  fascia  inclosing  the  muscles  of  the  thigh  and  leg  is  a well-known 
example.  The  tendons  of  muscles,  too,  may  assume  the  expanded  form 
of  aponeuroses,  as  those  of  the  broad  muscles  of  the  abdomen,  which 
form  strong  fibrous  layers  in  the  walls  of  that  cavity  and  add  to  their 
strength.  It  thus  appears  that  the  fibrous  tissue  presents  itself  under 
two  principal  forms,  the  fascicular  and  the  membranous. 

Physical  Properties. — The  fibrous  tissue  is  white  or  yellowish  white, 
with  a shining,  silvery,  or  nacreous  aspect.  It  is  exceedingly  strong 
and  tough,  yet  perfectly  pliant  ; but  it  is  almost  devoid  of  extensibility. 
By  these  qualities  it  is  admirably  suited  to  the  purposes  to  which  it  is 
applied  in  the  animal  frame.  By  its  inextensible  character  it  maintains 
in  apposition  the  parts  which  it  connects  against  any  severing  force  short 
of  that  sufficient  to  cause  actual  rupture,  and  this  is  resisted  by  its 
great  strength,  whilst  its  flexibility  permits  of  easy  motion.  Accord- 
fhe  ligaments  and  tendons  do  not  sensibly  yield  to  extension  in 
the  strongest  muscular  efforts  ; and  though  they  sometimes  snap 
asundci,  it  is  well  known  that  bones  will  break  more  readily  than  ten- 
dons of  equal  thickness.  The  fibrous  membranes  are  proportionally 
strong  and  alike  inextensible  ; they  will  gradually  yield,  it  is  true, 
when  the  extending  force  acts  slowly  and  for  a long  time,  as  when 
tumours  or  fluids  slowly  gather  beneath  them  ; but  perhaps  this  gradual 
extension  is  accompanied  with  some  nutritive  change  affectinrr  the  pro- 
perties of  the  tissue.  ° 1 

. Structure.  The  fibrous  tissue  is  made  up  of  fine  filaments,  agree- 
ing in  all  respects  with  the  white  filaments  of  the  areolar  tissue  already 
described.  Like  these  they  are  collected  into  bundles,  in  which  they 
run  parallel  and  exhibit  the  same  wavy  character,  cohering  very 
m imatcly.  The  bundles  appear  to  the  naked  eye  as  fine  shining  threads 
or  narrow  flattened  bands,  for  they  vary  greatly  in  thickness.  They 

^ 1Ui  °!1C  (^rcc^Pn  ns  in  long  tendons,  or  intersect  each 

n different  planes  as  in  some  aponeuroses,  or  they  take  various 
directions  and  decussate  irregularly  with  each  other  as  in  the  dura 
1na,'1; And  when  they  run  parallel  to  each  other,  as  in  tendon,  thev 
k P sePara^i  throuShout  their  length,  but  send  off  slips  to  join 
& 1 ounng  undies  and  receive  the  like  in  turn  ; so  that  successive 
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cross  sections  of  a tendon  or  ligament  present  different  figures  of  the 
sectional  areas  of  the  bundles.  A sheath  of  dense  areolar  tissue  covers 
the  tendons  and  ligaments  on  the  outside,  and  a variable  amount  ot  the 
same  tissue  lies  between  the  larger  fasciculi  ; little  in  tendons,  more  in 
some  fibrous  membranes. 

The  surface  of  a tendon  or  of  any  other  part  consisting  of  this 
texture,  appears  marked  across  the  direction  of  the  fasciculi  with 
alternate  light  and  dark  streaks,  which  give  it  a peculiar  aspect,  not 
& unlike  that  of  a 

watered  ribbon. 
This  appearance 
is  owing  to  the 
wravy  course  of  the 
filaments,  for  when 
the  light  falls  on 
them  their  bend- 
ings naturally  give 
rise  to  alternate 
lights  and 
shadows. 

If  a very  fine 
tendon,  such  as 
those  in  the  tail 

of  the  mouse  or  rat,  or  a portion  only  of  a larger  one,  is  examined 
under  the  microscope  in  an  indifferent  fluid,  and  a little  dilute  acetic 
acid  is  cautiously  added,  the  filaments  are  seen  to  swell  up  and  become 
indistinct,  and  the  acid  discloses  the  existence  of  chains  of  oblong  flat- 
tened cells  lying  between  the  tendon-bundles  (fig.  86).  lliese  cells. 


Fig.  36. 


Fig  36.— Tendon  of  Mouse’s  Tail,  stained  with  Log- 
wood showing  Chains  of  Cells  between  the  Tendon- 
Bundles.  175  diameters. 


Fig.  37. 


Fig  37.— Eight  Cells  from  the  same  Tendon  as  represented  in  Fig.  36, 
& 425  DIAMETERS. 

Tlie  nuclei,  with  their  numerous  nucleoli,  were  deeply  coloured  by  the  logwood. 


which  are  represented  more  highly  magnified  m fig-  agree,  m 
almost  every  point  except  in  shape,  with  the  connective-tissue  c - 
puscles  previously  described : each  consists  of  a delicate  protop  asm  c 
body,  thicker  at  the  centre  than  at  the  sides,  and  containing  a more 
or  less  flattened,  round,  or  oval  clear  nucleus,  with  several  nudeo- 
The  ends  of  adjacent  cells  are  m close  apposition,  so  as  to  foim  as 
before  noticed,  long  chains  of  cells  in  the  tendon,  and  the  nucleus 
is  generally  so  situated  towards  one  end  of  the  cell  as  to  be  in  ckc 
proximity  to  the  nucleus  of  an  adjacent  cell ; they  thus  present  t it 
unnearance  of  being  arranged  in  pairs.  Here  and  there  a third  nuclei  s, 
with  a small  amount  of  protoplasm,  may  be  seen  interpolated  between 
two  such  cells  (fig.  36).  The  rows  of  cells  lie  flattened  against  the 
tendon-bundles,  the  middle  of  each  cell  lying  in  the  angular  space 
between  to  or  more  bundles  and  a lamellar  prolongation  extends 
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from  this  into  the  interstice  between  each  two  contiguous  bundles  : 
this  arrangement  will  be  evident  on  study  of  the  transverse  section 
(fig.  38).  On  the  flat  surface  of  the  cells 
lines  are  commonly  seen  running  in  a Fig.  38. 

longitudinal  direction  (fig.  37):  these  are 
not  to  be  regarded  as  due  either  to  creases 
in  the  cells,  or  to  the  presence  of  an 
“ elastic  stripe  ” as  conceived  by  Boll,  but 
are  merely  the  optical  sections  of  such 
lamellar  extensions  as  are  directed  either 
towards  or  away  from  the  observer.*  At 
their  edges  the  lamellae  gradually  fade  off 
as  they  pass  between  the  tendon-bundles  : 
the  latter  are  not  completely  enclosed 
by  the  cells,  as  was  at  first  supposed  by 
Banvier,  to  whom  the  merit  of  the  dis- 
covery of  these  flattened  cellular  elements 
belongs,  f 

Treatment  with  nitrate  of  silver  solu- 
tion brings  into  view  corresponding 
spaces  (fig.  39),  which  commonly  appear 
somewhat  larger  than  the  cells  them- 
selves, with  which,  however,  in  general 
form  and  arrangement  they  in  the  main 
coincide. 


Fig.  38. — Transverse  Section  op 
Tendon  op  Mouse’s  Tail  stained 
with  Logwood.  175  diameters. 

The  flattened  processes  of  the 
tendon-cells  (which  are  stained 
deeply  by  logwood)  appear  in  sec- 
tion as  lines,  frequently  coming 
off  at  right  angles  from  the  body 
of  the  cell.  The  bundles  of  fibres 
are  not  represented  ; they  are  very 
irregular,  and  but  incompletely 
separated  by  the  cell-processes. 


Fig.  39. 


Fig.  39.— Cell  Spaces  op  Tendon  op  Mouse’s  Tail,  brought  into 
with  Nitrate  op  Silver.  175  diameters. 


view  by  treatment 


The  fibrous  and  areolar  tissues  thus  agreeing  in  their  ultimate 
structure,  it  is  not  to  be  wondered  at  that  sometimes  the  limits  between 
g!  8houId  but  ill-defined,  and  that  the  one  should  pa™  by 
mconspicuous  gradations  into  the  other.  Instances  of  such  a transition 

dense  areX  r ““7  7 ‘7  f?s0“  : these  at  certain  consist  of 
take  rn  thi  fib  ’,but  °n  being .traced  farther  are  seen  gradually  to 

areolar  t in  e 77  l 7 fb5,  7?  fa5ci*>  which  in  one  bocV  consist  of 
areoiai  tissue,  may  be  decidedly  fibrous  m another. 

areohi  T'onn? -Stitl\ti01\  ds0  the  fibrous  tissue  is  similar  to  the 
aieoiar.  It  contains  about  two-thirds  of  its  weight  of  water-  it 

becomes  transparent  and  hard,  when  dried,  but  readily  imbibes  water 

Ranvicr  has  also,  from’^fun'hfti-'bh  7 ,7°'''°  10  VPe’  h world  appear  that 

(Arch,  de  Phys.  No.  2,  1874)  * 0 ^ ie  subject,  arrived  at  a similar  conclusion 

t Arch,  de  Physiologic,  1869 

VOL.  II. 
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again  and  regains  its  original  properties.  It  is  resolved  into  gelatin 
by  boiling. 

Vessels  and  Nerves. — The  fibrous  tissue  receives  llood-vessels,  but 
in  general  they  are  inconsiderable  both  in  number  and  size  compared 
with  the  mass  of  tissue  to  which  they  belong.  In  tendons  and  liga- 
ments with  longitudinal  fasciculi,  the  chief  branches  of  the  vessels  run 
parallel  with  and  between  the  larger  fasciculi,  and,  sending  communi- 
cating branches  across  them,  eventually  form  a very  open  network  with 
large  oblong  meshes.  Some  fibrous  membranes,  as  the  periosteum  and 
dura  mater,  are  much  more  vascular;  but  the  vessels  seen  in  these 
membranes  do  not  strictly  belong  to  them,  being  destined  for  the  bones 


which  they  cover.  T j • i 

Lymphatics  are  contained  in  great  abundance,  as  Ludwig  ana 
Schweigp’er-Seidel*  have  shown,  in  the  enveloping  areolar-tissue 
sheaths  of  tendons  and  aponeuroses,  where  they  form  plexuses  with 
polygonal  meshes.  In  addition  to  these  a close  net-work  of  lymphatic 
vessels  with  elongated  meshes  may  be  injected  in  the  deeper  parts  of  the 
tendons.  A connection  no  doubt  subsists  between  these,  lymphatics 
and  the' cell-spaces  of  the  fibrous  structures  : and  it  has  been  suggested, 
with  great  probability,  that  those  of  the  tendons  are  largely  concerned 
in  the  removal  of  matters  derived  from  the  attached  muscles,  inwhic 
the  existence  of  lymphatic  plexuses  has  not  hitherto  been  established. 

As  to  nerves,  their  existence  in  tendons  and  ligaments  has  not  been 
satisfactorily  demonstrated  by  anatomical  investigation  I he  tascim 
and  the  sheaths  of  tendons  are  also  destitute  of  nerves.  On  the  other 
hand,  fine  nerves  have  been  traced  in  the  interosseous  membrane 
of  the  leg,  and  nervous  filaments  are  even  abundant  m the  pe^osteum, 
but  the  majority  of  them  do  not  belong  to  the  membrane  itself,  but 
destined  for  the  subjacent  bone.  Nerves  have  also  been  traced  m the 
dura  mater  ; some  accompany  the  vessels,  others  appear  destine 
the  membrane  itself,  aud  others  again  for  the  bones. 

It  has  been  proved  by  numerous  observations  and  expenmen  s, 
the  tendons  and  ligaments  are,  in  the  healthy  state,  quite  insensible, 
but  then  it  is  known,  on  the  other  hand,  that  they  occasion  seveie  pai 
when  inflamed,  which  cannot  well  be  accounted  for  on  6UPP^ 
that  they  are  entirely  destitute  of  nerves.  Bichat  nhil he  ^“fited 
their  insensibility  to  cutting,  burning,  and  most  othei  km  & 
which  cause  pain  in  sensible  textures,  ascribed  to Ahem  a : ^ 

bility  to  twisting  or  to  violent  traction,  and  t x * . 1 , 

supported  by  other  authorities  of  weight,  but  the  proofs 

01  Regeneration. -Fibrous  tissue  readily  heals  Hid  unites .when 

divided  as  is  seen  in  cases  of  broken  tendo  Achillis.  It  is  } 

produced 01 * * * * * *  8as  jTuniting  medium  of  broken  bones  ^en  o^us  ^ 

fails  to  take  place  ; and  is  common  as  a diseased  pioductio 

kinds  of  tumours. 


YELLOW  or  elastic  tissue. 

Wliilsf  the  fibrous  tissue  is  remarkable  for  its  want  of  extensibility, 
,,d  mve  its  usefZess  as  a constituent  of  the  frame  in  a great  measure 
to  that  character,  the  substance  we  have  now  to  consider  possesses  tli 

* Die  Lympligefasse  tier  Fascieen  und  Sehncn.  Leipzig,  1870. 
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property  in  a very  high  degree,  and  is  employed  wherever  an  extensible 
and  highly  elastic  material  is  required  in  the  animal  structure. 

Examples  of  this  texture  on  a large  scale  are  seen  in  the  horse,  ox, 
•elephant,  and  other  large  quadrupeds,  in  which  it  forms  the  great 
elastic  ligament,  called  ligamentwn  nuclm , that  extends  from  the  spines 
of  the  vertebras  to  the  occiput,  and  aids  in  sustaining  the  head ; in  the 
same  animals  it  also  forms  an  elastic  subcutaneous  fascia,  which  is 
spread  over  the  muscles  of  the  abdomen  and  assists  in  supporting  the 
•contents  of  that  cavity.  In  the  human  body  it  is  met  with  chiefly  in 
the  following  situations,  viz. : — 


1.  Forming'  the  liff  amenta  subflava,  which  extend  between  the  arches  of 
adjacent  vertebras  ; these  ligaments,  while  they  permit  the  bones  to  be  drawn 
apart  in  flexion  of  the  body,  aid  in  restoring  and  maintaining  their  habitual  ap- 
proximation in  the  erect  postiu’e — so  far,  therefore,  relieving  the  constant  effort 
•of  the  erector  muscles.  There  is,  moreover,  an  obvious  advantage  in  having  an 
elastic  band  in  this  situation,  instead  of  an  ordinary  ligament,  which  would  be 
thrown  into  folds  when  the  bones  are  approximated.  2.  Constituting  the  chief 
part  of  the  stylohyoid,  thyrohyoid,  and  cricothyroid  ligaments,  and  those  named 
the  vocal  cords.  Also  extending,  in  form  of  longitudinal  bands,  underneath  the 
mucous  membrane  of  the  windpipe  and  its  ramifications.  3.  Entering,  along 
with  other  textures,  into  the  formation  of  the  coats  of  the  blood-vessels,  espe- 
•cially  the  arteries,  and  conferring  elasticity  on  these  tubes.  4.  Beneath  the 
mucous  membrane  of  the  gullet  and  lower  part  of  the  rectum,  also  in  the  tissue 
which  surrounds  the  muscular  coat  of  the  gullet  externally.  5.  In  the  tissue 
which  lies  mider  the  serous  membranes  in  certain  parts.  G.  In  many  of  "the 
fascite,  where  it  is  mixed  with  much  areolar  tissue.  7.  Largely  in  the  suspensory 
ligament  and  subcutaneous  tissue  of  the  penis.  S.  In  considerable  quantity  in 

the  tissue  of  the  skin.  9.  In  the  enclosing  capsule  and  trabecular  tissue  of  the 
spleen. 


The  elastic  tissue  m its  purest  and  most  typical  condition,  such  as  is 
seen  in  the  hgamentum  nuclnc  of  quadrupeds  and  the  ligamenta  sub- 
nava  of  the  human  spine,  has  a yellow  colour  more  or  less  decided  • it 
is  extensible  and  elastic  in  the  highest  degree,  but  is  not  so  strong  as 
•ordinary  fibrous  ligament,  and  it  breaks  across  the  direction  of  its 
fibres  when  forcibly  stretched.  Its  fibres  maybe  easily  torn  separate 
m a longitudinal  direction  ; they  are  often  gathered  into  irregular 
fiasciculi  which  run  side  by  side,  but  join  at  short  distances  by  slips 
™ one  another  and  are  further  connected  by  areolar  tissue,  which  is 
■ahvaj  s intermixed  with  them  m greater  or  less  quantity.  Elastic  liga- 
ments  are  also  covered  outwardly  with  a sheath  of  areolar  tissue.  ° 

nthei  Hud  nf  r tlC  ai^rxednP  ™fch  a large  proportion  of  some 
■always1  be1 c.olour  ma-v  not  appear,  but  they  can 
under  a i 7 microscoPic  characters.  When  viewed 

Ztnt  will  ob  j hlfb  Power,  they  appear  quite  trans- 

ru n sidP  • i re?arkably  well-defined  dark  outline  (fig.  40).  Thev 

•and  wide  cymwps  f a S°?e1wh.at  bendinS  courae,  but  with  bold 

ments.  As  tw  mb  vC  tbe  undulations  of  the  white  connective  fila- 
anasto'mose  tno-PiT  vPr.ocecd  ^bey  cbvide  into  branches,  and  join  or 
■composed  of  firir  n1  m a retlcP!,ar  manner.  Elastic  networks  may  be 
S are  W ^ Wld()  meshes  * other  parts  the  elastic 

that  the  t S Z °adei’  and  the  inter^mng  spaces  narrower,  so 
the  appearance  of  o ^ < U ae(luire  a lamellar  character  and  present 
entire  or  with  <•  lomogoneons  membrane,  which  may  be  cither 
’ L "aPs  or  perforations  at  short  intervals,  in  which  case 


(58 


CONNECTIVE  TISSUE. 


it  constitutes  the  fenestrated  membrane  of  Hcnle,  found  in  the  coats 
of  the  blood-vessels.  A remarkable  character  which  elastic  fibres  ex- 
hibit in  many  specimens,  is  their  singular  tendency  to  curl  up  at  their 

broken  ends;  and  these  ends  are  not 
Fig.  40.  pointed,  but  abruptly  broken  across. 

Their  size  is  very  various ; the  largest  in 
man  are  nearly  -foVo^h  of  an  inch  in 
diameter,  the  smallest  perhaps  not  more 
than  ■g^o'ooth.  In  some  varieties  of  the 
tissue  the  larger  sized  fibres . prevail ; 
this  is  the  case  with  the  ligamenta 
subflava,  where  their  general  diameter 
is  about  -yoVpth  of  an  inch  ; in  other 
instances,  as  in  the  chordae  vocales,  they 
are  exceedingly  fine.  In  some  animals 
elastic  fibres  are  met  with  TjVoth  of 
an  inch  in  thickness.  Acetic  acid  pro- 
duces no  change  on  the  elastic  fibres, 
while  it  speedily  alters  the  wavy  areolar 
fibres  that  are  usually  intermixed  with 
them  in  greater  or  less  number.  They 
also  withstand  boiling  for  a short  time 
in  solutions  containing  ten  to  fifteen 
per  cent,  of  caustic  potash  or  soda,  by 
which  the  white  fibres  and  the  corpus- 
cles of  connective  tissue  are  speedily 
destroyed.  . 

Chemical  Composixion.-The  elastic  tissue,  of  course,  contains 
water,  and  loses  much  of  its  weight  by - drying ; but  P™Por£°“ 

* -nrvf  fn  lip  qa  oTPfitj  ns  m most  other  soit  tissues. 

Sg  ft  elds  a substance  in  some  points  resembling  gelatin,  while 
a portion,  equal  to  rather  more  than  the  half,  remains  nndissolved. 

potash,  and  soda  have  nrnae  eneo  ...  , , continued  ; boiling  m concen- 

tions  even  when  hot,  unless  the  app  1 l bl°  vitp  the  aid  0f  heat  in  dilute 

trated  solutions  speedily  dissolves  it.  It  is  soluble  witn 

hV  v els  and  Nerves  —The  yellow  ligaments,  which  contain  this 

nerves  have  been  tiaced  mto  t • but  there  is  n0  reason  for 

ments  t’him  'that  of  ordinary  ligaments  ; nor  has  • 

supposing  it  to  be _ g containing  this  tissue  possess  vital  con- 

LX" A »lso  contain  contractile  fibres  of  another  ’ 

SPECIAL  VARIETIES  OF  CONNECTIVE  TISSUE. 


Fig.  40.— Elastic  Fibres  from 
the  Ligamenta  Subflava,  mag- 
nified about  200  diameters. 

Chemical  Composition. 
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albumin,  but  not  gelatin.  In  the  general  course  of  development 
of  the  tissue,  fibres,  both  white  and  elastic,  are  formed  in  the 
soft  matrix,  and  finally  this  substance  in  a great  measure  disappears. 
But  in  certain  cases  the  course  is  different.  The  cells  may  disappear* 
only  the  jelly  remaining,  as  in  the  vitreous  humour  of  the  eye;  or  the 
corpuscles  may  branch  out  and  join  together  in  form  of  a network  in 
the  jelly,  with  the  nuclei  persisting  at  the  spots  whence  the  threads 
diverge.  The  areolar  tissue  surrounding  and  imbedding  the  vessels 
in  the  umbilical  cord  consists  of  fusiform  and  ramified  corpuscles 
associated  with  white  fibrillar  bundles  and  elastic  fibres,  along  with 
much  of  the  soft  matrix,  which  is  persistent  at  the  time  of  birth  and 
is  known  as  the  jelly  of  Wharton. 

2.  Retiform*  connective  tissue;  Reticular  tissue,  and  Cytoqenom 
tissue  (Kolliker) ; Adenoid  tissue  (His).  In  this  case  the  matrix  dis- 
appears : neither  white  nor  elastic  fibres  are  developed,  but  the 
ramified  corpuscles  unite 

together  into  a reticular  Fig.  41. 

or  fine  trabecular  struc-  - 

ture  (fig.  41)  ; either  re- 
taining their  nuclei  as  at 
•a,  or  losing  them  and 
then  forming  a fine  net- 
work of  simple  fibres 
without  nuclei  as  at  1). 

That  in  both  forms  the 
tissue  is  constructed  of 
ramified  corpuscles  is 
shown  by  its  withstand- 


ing 


boilin 


g in  water. 


Fig.  41.— Thin  Section  from  the  Cortical  Part 
of  a Lymphatic  Gland,  magnified. 

A network  of  fine  trabecuke  formed  by  retiform  or 
adenoid  tissue,  from  the  meshes  of  which  the  lymph- 
corpuscles  have  been  washed  out,  except  at  c,  where 
they  are  left  (after  His,  slightly  altered). 


whilst  it  readily  dis- 
solves in  hot  alkaline 
solutions.  This  form  of 
connective  tissue  enters 
into  the  construction  of 
certain  organs  and  tex- 
tures, where  it  serves  as 
•a  supporting  framework 
to  their  peculiar  elements  and  their  nourishing  blood-vessels  and 

wav  SZ  V too0  (*««  Get  A "5  this 
vay  it  lor  ms  a trabecular  network  within  the  lymphatic  o-lands 

a " as  t rv 1uorpusc!r in  meshes  <as' at  *>  & also 

the  to  " ‘ I B°  .l,tary  “4  agmmated  glands  of  the  intestine, 

• *?ue»  and  tonsils  ; in  the  thymus  gland  ; in  the  spleen  • 

in  al  ul  iol  v1'0  of  the  mtestinal  mucous  membrane  at  certain  parts  1 

“ha^to  ta  tt0ns  thefrs,hcs  C,°ntain  muscles  of  rimilar  external 

rekted  to  eland?0  u the  Emphatic  glands.  But,  although  thus 
a sustaiukkdrnrtn?  n°C  ?.m-ed  “ adenoid  ” tissne-  exists  also  as 
branches  aud  close,-  m>  IC  .!aaln  ,rm'  spinal  cord,  where,  with  finer 
supporting  the  n,-o  mcs  les>  lt;  forms  an  extremely  delicate  framework 
XSfKfflikSp  nerV0US  Substanco'  acd  llas  been  called  the 

i,«i  Jlr  £ sz  “ ret!cn,ir'" 
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3.  A third  variety  of  connective  tissue  is  commonly  met  with  in 
the  form  of  delicate  membranes  and  was  lonnerly  supposed  to  he 
quite  homogeneous  in  structure.  These  membranes  have,  howeici,. 
in  almost  every  case,  been  shown  to  be  made  up  ol  flattened  cells,  m 
close  apposition,  and  more  or  less  fused  together  by  their  edges,  wine  i 
can,  however,  be  brought  to  view  by  staining  with  nitrate  of  silver. 
Examples  of  such  are  to  be  found  in  the  walls  of  the  capillaries,  the 
hyaloid  membrane  of  the  eye  and  the  mcmbrance  propria  lying 'under 
the  epithelium  of  mucous  membranes  at  certain  parts,  m gland  ducts 

and  the  like.  , , 

It  must  be  noted,  however,  that  some  homogeneous  membranes,  as 

for  example,  the  posterior  elastic  lamina  of  the  cornea,  are  of  a different 
nature. 


development  of  the  connective  tissue. 

Those  parts  of  the  early  embryo  in  which  connective,  tissue  is  subse- 
quently to  be  developed,  are  at  first  composed  entirely  of  closely 
agglomerated  embryonic  cells,  to  all  appearance  similar  to  those  o 
which  the  remainder  of  the  body  is  constituted  (see  p.  8)  The  first 
change  of  importance  that  occurs  is  the  development  of  blood-vessels 
from  some  of  these  cells  in  the  manner  that  has  already  been  partly 
explained.6 (p.  41),  and  will  be  further  treated  of  when  those  vessels 
have  come  under  consideration.  Soon  after  the  development  of  these 
primitive  blood-vessels  the  embryonic  cells  become  more  separated,  but 
retain  for  the  most  part  a connection  with  one  another  by  interjo 
processes  • and  the  interstices  between  the  cells  are  now  found  to  be 
fillod  with  a clear  fluid  as  to  which  it  is  uncertain  whether  it  is  pio- 
ducedby1  the  cells  themselves,  or  derived  directly  by  transudaUon  from 
the  blood-vessels,  as  Boll  is  inclined  to  believe  it  is  to  be  noted,  how- 
ever that  besides  albumin  this  fluid  contains  mucm,  which  is  common  y 
m-oduct  of  cells  and  is  not  demonstrable  in  the  liquor  sanguinis.  This 
=m"uid  subsequently  acquires  a 

eventually  remains  as  the  ground  substance,  which m the  adult 

fevetaed\eTbe^gta%r&m“  together  both 

Sally  and  al  their?  ends  in  the  latter  at  ^"^3 

or  chains  of  cells  being  ius  P°  g f the  fibrous  tissues  in  a 
stnation  appears  within  the  cells,  in  tne  case  obliquely  and 

longitudinal  direction  mto 

rand  rs: 

corpuscle  or  tendon-cell,  as  the  case : nn  f0,.med  from  processes 

many  of  the  smaller  bundles  or  threads , arc P 
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subsequently  become  fibrillafced.  The  cell-processes,  however,  do  not, 
it  is  believed,  ever  form  single  fibrils,  but  always  smaller  or  larger 
bundles  ; in  this  there  is  a marked  difference  between  the  development 
of  the  white  connective  tissue  and  that  of  the  elastic  fibres,  as  will 
immediately  be  seen.  The  bundles  of  white  fibres  probably  become  en- 
larged by  a further  fibrillation  of  the  part  of  the  cells  in  contact 
with  them,  the  cells  at  the  same  time  themselves  increasing  in  size  and 
probably  also  in  number. 

Tlie  above  description  of  the  development  of  the  white  connective  tissue, 
which  is  principally  founded  upon  the  results  of  actual  observation  on  the 
mammalian  embryo  and  young  animal,  is  substantially  the  same  as  that 
given  by  most  recent  observers  who  have  investigated  the  subject,*  and  in 
many  respects  accords  with  the  original  description  of  Schwann.  It  is  right, 
however,  to  state  that  a very  different  view  is  held  by  several  distinguished 
authorities,  according  to  whom  the  cells  themselves  have  no  direct  share  in  the 
formation  of  the  fibrils,  which  are  believed  to  be  developed  as  an  independent 
deposit  in  the  muco-albuminous  matter  which  lies  between  the  cells. 


With  regard  to  tlie  formation  of  the  elastic  fibres,  little  is  positively 
known,  but  it  would  appear  that  they  also  are  formed  from  cells, 
probably,  of  a different  nature  from  those  which  generate  the  white  con- 
nective tissue.  The  fibres  appear  to  be  formed  of  the  processes  of  the 
cells  which  grow  out  and  branch,  becoming  connected  with  processes 
from  other  cells.  The  conversion  into  elastic  substance  seems  to  occur 
first  at  the  extremities  of  the  processes  and  to  proceed  towards  the 
body  of  the  cell : it  would  appear  probable  that  it  is  the  surface  layer 
of  a fibre  that  is  first  changed,  for  elastic  fibres  (presumably  not  fully 
developed)  are  here  and  there  met  with  which  appear  to  present  a 
tubular  structure;  for  a precipitate  may  under  some  circumstances  be 
produced  in  their  interior.  What  becomes  of  the  body  of  the  cell  is  not 
very  clear  : however,  it  would  seem  that  in  some  instances,  at  least, 
the  connection  ot  the  elastic  fibres  with  cell  processes  is  retained  even 
m the  fully-developed  tissue  (Thin)  : in  the  pure  elastic  ligaments,  on 
the  other  hand,  the  cells  are  stated  to  disappear. 


The  .first  appearance  of  the  elastic  fibres  is  described  by  Ranvier  and  others  as 
occurring  in  the  form  of  rows  of  granules  or  globules  which  subsequently  run 
together.  Such  a mode  of  formation  would  explain  the  appearance  of  an  in- 
lstrnct  transverse  striation  which  has  sometimes  been  described  in  those  fibres. 

, ,s  th°  cas®  of  tlie  white  connective  tissue,  it  has  been  held  by  many 
authorities  that  the  elastic  fibres  are  also  formed  by  a deposit  (although  of  a 
different  nature)  m the  muco-albuminous  fluid  between  tlie  cells. 


In  the  formation  of  the  special  varieties  of  connective  tissue,  no 
h bres  are  developed  but  either  the  cells  disappear  altogether,  their 
_ c emg  occupied  by  muco-albuminous  matter,  as  in  the  jelly-like 

tlST 5 01' thls  mafcter  is  developed  in  but  very  small  amount, 
Wnf  nt  th  j Cells  may  eifcher  become  flattened  out,  remaining  co- 
thpiu  iilnnn!eir  edges,  as  in  the.  homogeneous  membranes,  or,  some  of 
umv  form  n !np-  ll1ailcbed)  and,  intercommunicating  by  their  processes, 
orfess  p1o«oLC  lcu1uai  Wltbin  the  meshes  of  which  other  cells  are  more 
y packed,  as  in  the  retiform  or  adenoid  tissue. 


(Breslauer^Arcl^V  T>.r1uck®  (Obcrsteiner,  and  Kusnetzoff,  Wiener  Sitzb.  Ivi.);  Strieker 
tnresiaiier,  Arcli.  f.  nnkr.  Anat.  v.)  : Boll,  Arch.  f.  mikr.  Anat.  vii. 
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CARTILAGE. 

This  is  the  -well-known  substance  commonly  called  “ gristle.”  The 
following  are  its  more  obvious  characters.  When  in  mass,  it  is  opaque 
and  of  a pearly  or  bluish  white  colour,  in  some  varieties  yellow  ; but  in 
thin  slices  it  is  translucent.  Although  it  can  be  easily  cut  with  a sharp 
knife,  it  is  nevertheless  of  very  firm  consistence,  but  at  the  same  time 
highly  elastic,  so  that  it  readily  yields  to  pressure  or  torsion,  and 
immediately  recovers  its  original  shape  when  the  constraining  force 
is  withdrawn.  By  reason  of  these  mechanical  properties,  it  is  rather 
extensively  used  in  the  construction  of  the  body.  Its  specific  gravity 

is  1T5.  . 

In  the  early  embryo  the  skeleton  is,  in  great  part,  cartilaginous  ; but 
the  cartilage  forming  its  different  pieces,  which  have  the  outward  form 
of  the  future  bones, "in  due  time  undergoes  ossification  or  gives  place  to 
bone,  in  the  greater  part  of  its  extent  at  least,  and  hence  this  variety 
of  cartilage  is  named  “ temporary.” 

Of  the  permanent  cartilages  a great  many  are  in  immediate  con- 
nection with  bone,  and  may  be  still  said  to  form  part  of  the  skeleton. 
The  chief  of  these  are  the  articular  and  the  costal  cartilages ; the 
former  cover  the  ends  or  surfaces  of  bones  in  the  joints,  and  afford 
these  harder  parts  a thick  springy  coating,  which  breaks  the  force  of 
concussion  and  gives  ease  to  their  motions;  the  costal  01  rib-caitilages 
form  a considerable  part  of  the  solid  framework  of  the  thorax,  and 
impart  elasticity  to  its  walls.  Other  permanent  cartilages  enter  into 
the  formation  of  the  external  ear,  the  nose,  the  eyelids,  the  Eustaclnaii 
tube  the  larynx,  and  the  windpipe.  They  strengthen  the  substance  of 
these  parts  without  undue  rigidity  ; maintaining  their  shape,  keeping 
open  the  passages  through  them  where  such  exist,  and  giving  attach- 
ment to  moving  muscles  and  connecting  ligaments. 

Cartilages,  except  those  of  the.  joints,  are  covered  externally  with  a 

fibrous  membrane  named  the  perichondrium. 

When  a very  thin  slice  of  cartilage  is  examined  with  the  microscope, 
it  is  seen  to  consist  of  nucleated  cells,  also  named  cartilage-corpuscles, 
disseminated  in  a solid  mass  or  matrix.  (Fig.  42.) 

The  matrix  is  sometimes  transparent,  and  to  all  appearance  homo- 
geneous ; sometimes  dim  and  very  faintly  granular,  like  ground  glass : 
both  these  conditions  occur  in  hyaline  cartilage,  which  may  be  regarded 
as  the  most  typical  form  of  the  tissue.  Two  varieties  exist  in  which 
the  matrix  is  pervaded  to  a greater  or  less  extent  by  fibres.  n 1 
named  elastic  or  yellow  cartilage,  the  fibres  are  similar  to  those  of  eiasuc 
tissue ; in  the  other,  named  fibro-carUlagc , they  are  of  the  white  kmc 
as  in  ordinary  ligament. 

HYALINE  CARTILAGE. 

In  hyaline  cartilage  the  matrix,  as  just  stated,  is  uniform  and  in  the 
normal  state,  free  from  fibres.  The  cells  consist  of  a rounded,  ol  d, 
or  bluntly  angular  cell-body  of  translucent,  but  some  imes  n 
ular-loolung  substance  (fig.  42,  h),  with  a round  nucleus  (n),  which  is 
cither  clear  or  of  a coarsely  granular  appearance,  and  one  oi  moie 
nucleoli  The  cell-body  lies  in  a cavity  of  the  matrix,  v Inch,  in  ts 
natural  condition,  it  entirely  fills.  This  cavity  is  bounded  and  inclosed 
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by  a transparent  capsule,  which  is  seldom  obvious  to  the  eye,  for  it 
coheres  intimately  with  the  surrounding  matrix,  with  which  it  agrees 


In  thin  slices  of  young 
•cartilage  the  capsules 
may  be  freed  from  the 
matrix  by  means  of  con- 
centrated mineral  acids, 
and  can  then  be  shown 
as  distinct  vesicles  having 
the  cell-bodies  within. 
The  effect  of  acids  is 
promoted  by  previous 
boiling  of  the  cartilage 
in  water.  By  exposure 
to  water  and  some  other 
liquids  as  well  as  to  the 
action  of  electric  shocks 
the  cell-body  shrinks 
away  from  the  inside  of 
the  capsule,  and  assumes 
a jagged  or  otherwise 
irregular  figure,  and  then 
may  hide  the  nucleus  (fig. 
44).  It  often  contains 
larger  or  smaller  fat- 
globules  (fig.  42,  g.) 


Fig.  42.  — Articular  Cartilage  from  Head  of 
Metatarsal  (osmio  acid  preparation).  The  Cell- 
Bodies  entirely  fill  the  Spaces  in  the  Matrix. 
340  DIAMETERS. 

a,  b,  groups  of  cells  ; h,  protoplasm  of  cell,  with  g, 
fatty  granules  ; n,  nucleus. 


The  cells  are  rarely 
dispersed  singly  in 
the  matrix  ; they  most 
commonly  occur  in 
groups  of  two  or 
more.  When  disposed 
in  pairs  (as  at  a , fig. 

42)  the  cells  are  generally  triangular  or  pyramidal  in  form  with 
rounded  angles,  and  with  their  bases  opposite  one  another ; in  the 
aigei  groups (/>)  the  cells  have  a straight  outline  where  they  adjoin  oi 
approach  one  another,  but  at  the  circumference  of  the  group  their  out- 
me  is  rounded.  Towards  the  surface  of  the  cartilage  the  groups  are 
generally  flattened  conformably  with  the  surface,  appearing  narrow  and 
<fi™43)lmear  WllGn  S6en  edgewWs>  as  in  a perpendicular  sectiou 

i nco  Uell.vc stl’ncture  Of  hyaline  cartilage  in  general,  but  it  is  more  oi 
less  modified  m different  situations. 

In  articular  cartilage,  the  matrix  in  a thin  section  appears  dim, 

Imoii8  i g ass’  aud  has  an  almosfc  granular  aspect.  The  cells  are 
f f 5d  more  uniformly  dispersed,  as  a rule,  than  in  rib  cartilage, 
t r„  n , ,ie  case  with  cartilage  generally,  the  groups  which  they  form 
^ "I  at  and  near  t0  tbe  ^rface,  and  lie  parallel  with  it 

uroDor  ; de1GpC1r1  and  nearer  the  b°ne,  on  the  other  hand,  they 
are  nariow  and  oblong,  like  short  irregular  strings  of  beads,  and  are 


in  nature,  and  can- 
not usually  be  distin- 
guished without  the 
aid  of  re-agents. 

O 


Fig.  42. 
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mostly  directed  vertically.  (Fig.  43.)  It  is  well  known  that  articular 
cartilages  readily  break  in  a direction  perpendicular  to  their  surface. 


Fig.  43. 


Fig.  44. 


Pis 


43. — Vertical  Section  op  Articular  Cartilage  of  the  Head  of  the  Humerus. 
A deep  portion  near  the  hone.  Magnified  400  diameters. 


Fi<r.  44.— A Thin  Layer  peeled  off  from  the  Surface  of  the  Cartilage  of  the 
Head  of  the  Humerus,  showing  Flattened  Groups  of  Cells. 

The  shrunken  cell-bodies  are  distinctly  seen  but  the  limits  of  the  capsular  cayities 
where  they  adjoin  one  another  are  but  faintly  indicated.  Magnified  400  diameteis. 


,nd  the  surface  of  tlie  fracture  appears  to  the  naked  eye  to  be  striated 
„ the  same  direction,  asif  they  had  a columnar  ^™Xhotte“ 

arrangement  of  the 
rows  of  cells,  or  to  a 
latent  fibrous  or  col- 
umnar disposition  of 
the  substance  of  the 
matrix  (Leidy).  It  was 
formerly  held  that  the 
free  surface  of  articular 


cartilage  is  covered 
with  epithelium,  but 
no  such  covering  really 
exists.  It  is  easy,  no 
doubt,  to  peel  off  a 
thin  film  from  the 
surface  of  the  cartilage 
of  the  head  of  the 
humerus  or  femur  ; 
but  this  superficial 
layer  is  really  part  of 
the  cartilage,  and  its 


'j„.  45 Border  of  Articular  Cartilage  showing 

Transition  of  Cartilage  Cells  into  Connective- 
Tissue  Corpuscles  of  Synovial  Membrane.  From 
head  of  Metatarsal  Bone,  Human.  About  340 
diameters. 

a,  ordinary  cartilage  cells  ; 1,1,  with  branching  pro- 


ves. ~ 07  , , i 

road  patches  of  cells  with  the  intermediate  matrix  are  not  to  be 
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mistaken.  (See  fig.  44.)  Near  the  margin  of  these  cartilages  a layer 
of  fine  filamentous  tissue  is  prolonged  a certain  way  over  their  surface 
from  the  synovial  membrane,  and  the  cartilage-cells  in  the  neighbour- 
hood of  this  acquire  processes  and  present  transitions  to  the  connective- 
tissue  corpuscles  of  that  membrane  (fig.  45.)  The  matrix  of  articular 
cartilage  rarely,  or  perhaps  never,  becomes  pervaded  by  fibres  like 
those  so  often  seen  in  rib  cartilage,  nor  is  it  prone  to  ossify. 

In  the  costal  cartilages,  the  corpuscles  or  cells,  which  are  of  large 
size  are  also  collected  in  groups.  Near  the  exterior  of  the  cartilage 
they  are  flattened,  and  lie  parallel  with  the  surface,  forming  a superficial 
stratum  from  to  j^th  of  an  inch  thick.  As  to  those  situated  more 

inwardly,  we  can  sometimes  observe,  in  a transverse  slice,  that  they 
form  oblong  groups  disposed  in  lines  radiating  to  the  circumference  ; 
but  this  arrangement  is  not  constant,  and  they  often  appear  quite  irre- 
gular. The  cells,  with  the  exception  of  those  lying  upon  the  surface, 
commonly  contain  larger  or  smaller  drops  of  oil;  and  the  nucleus, 
being  generally  undiscoverable,  is  concealed  by  the  fat  or  may  itself 
have  undergone  a fatty  metamorphosis.  The  matrix  is  tolerably  clear, 
except  where  fibres  have  been  developed  in  it,  in  which  parts  it  is 
opaque  and  yellowish.  Such  fibrous  patches  are  very  frequent ; the 
fibres  are  fine,  straight,  and  parallel,  appearing  transparent  when  few 
together ; they  appear  to  withstand  the  action  of  acetic  acid.  It  is  not 
uncommon  to  find  the  rib-cartilages  extensively  ossified. 

The  description  given  of  the  microscopic  characters  of  the  costal 
cartilages  will  apply  with  little  variation  to  the  ensiform  cartilage  of 
the  sternum,  to  the  cartilages  of  the  larynx  and  windpipe,  except  the 
epiglottis  and  cornicula  laryngis,  and  to  the  cartilages  of  the  nose. 
With  the  exception  of  the  last,  these  resemble  the  rib-cartilages  also  in 
their  tendency  to  ossify. 

The  characters  of  the  temporary  cartilages,  which  are  hyaline,  will  be 
noticed  in  the  account  of  the  formation  of  bone. 

Vessels  and  nerves. — In  the  healthy  state,  no  blood-vessels  pene- 
trate the  articular  cartilages.  Whatever  nutrient  fluid  they  require 
seems  to  be  derived  from  the  vessels  of  adjoining  textures,  especially 
the  bone,  and  to  be  conveyed  through  the  tissue  by  imbibition.  To- 
wards. the  circumference  of  the  cartilage,  however,  underneath  the 
synovial  membrane,  the  synovial  vessels  form  a narrow  vascular  border 
lound  it,  which  has  been  named  the  cir cuius  articuli  vasculosus. 

When  the  tissue  exists  in  thicker  masses,  as  in  the  cartilages  of  the 
libs,  canals  are  here  and  there  excavated  in  its  substance,  along  which 
vessels  aie  conducted  to  supply  nourishment  to  the  parts  too  distant  to 
leceive  it  from  the  vessels  of  the  perichondrium.  But  these  canals  are 
ew  and  wide  apart,  and  the  vessels  do  not  pass  beyond  them  to  ramify 
m the  intermediate  mass,  which  is  accordingly  quite  extravascular.  It 
mus  be  further  remembered  respecting  these  vascular  canals,  that  many 
ot  them  lead  to  spots  where  the  cartilage  is  undergoing  ossification,  and 
convey  vessels  to  supply  the  bony  deposits. 

i o neivcs  have  been  traced  into  any  of  the  cartilages,  and  they  are 
known  to  be  destitute  of  sensibility.  ° J 

fi^Om?°-StitiOn-T0ldinai7  Pcrmancnt  hyaline  cartilage  contains  about  three 
s o i s weight  of  water,  and  becomes  transparent  by  drying.  By  boiling  it 
in  water  lor  fifteen  or  twenty  hours,  it  is  resolved  into  chondrin.  This  is  a sub- 
s anee  sau  gelatinise  on  cooling,  although  it  may  be  doubted  whether  the 
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congelation  is  not  in  reality  owing  to  an  admixture  of  gelatin  derived  from 
fibrous  tissue  not  duly  separated  from  the  cartilage.  Like  gelatin,  chondrin  is 
thrown  down  from  its  solutions  by  tannic  acid,  alcohol,  ether,  creasote,  and 
corrosive  sublimate,  and  not  by  prussiate  of  potash.  It  differs  from  gelatin  in 
being  precipitated  by  the  mineral  and  other  acids,  the  acetic  not  excepted  ; 
also  by  alum,  sulphate  of  alumina,  persulphate  of  iron,  and  acetate  of  lead  ; 
the  precipitates  being  soluble  in  an  excess  of  the  respective  precipitants.  The 
temporary  cartilages  are  resolved  into  a matter  which  has  the  chemical  reactions 
of  chondrin,  but  does  not  gelatinise. 

The  following  analyses  are  by  Hoppe  Seyler  : 

In  100  parts. 

Water.  Solids. 

Organic.  Inorganic. 

Costal  Cartilage  . . . 07-67  3013  2'20 

Articular  Cartilage  . . . 73"59  2-LS7  P54 

The  ashes  from  Costal  Cartilage  were  found  to  contain  in  100  parts  : 


Sulphate  of  potash 

26-60 

Sulphate  of  soda 

41-81 

Chloride  of  sodium 

6T1 

Phosphate  of  soda 

8-42 

Phosphate  of  lime 

7-88 

Phosphate  of  magnesia 

4-55 

Frommherz  and  Gugert  obtained  a small  percentage  of  iron  and  considerable 
quantities  of  the  carbonates  of  lime  and  soda. 


Development  of  Hyaline  Cartilage. — The  parts  of  the  embryo 
which  are  about  to  become  cartilages  are  made  up  at  first  of  the  common 
embryonic  cells  from  which  the  tissues  generally  originate.  The  cell- 
contents  clear  up,  the  nucleus  becomes  more  visible,  and  the  cells, 
mostly  of  polygonal  outline,  appear  surrounded  by  clear  lines  of  pel- 
lucid substance,  forming  as  it  were  a network  of  bright  meshes  inclosing 
them,  but  in  reality  consisting  of  the  cohering  capsules  of  the.  con- 
tiguous cells,  and  constituting  all  that  exists  of  the  matrix  at  this  time.* 
■Glycogen  appears  at  an  early  period  in  the  protoplasm  of  cartilage-cells. 
Eouget  found  it  in  the  sheep’s  embryo  of  two  months,  both  in  ossifying 
cartilage  and  in  the  cartilages  of  the  trachea. 

The  subsequent  changes  consist  in  enlargement  and  multiplication 
of  the  cells  and  development  of  the  intermediate  matrix. . 

The  process  is  commonly  described  as  follows,  but  it  is  necessary  to 
mention  that  all  the  successive  steps  here  described  and  represented  (see 
fig.  46)  have  not  been  actually  traced : — The  cartilage-cells  first  divide, 
a species  of  capsule  being  formed  round  each  of  the  young  cells  (b), 
whilst  the  old  one  inclosing  them  becomes  blended  with  the  intercellular 

matrix,  and  is  no  longer  traceable  (c). 

The  new  cells,  in  turn,  divide  in  the  same  way,  so  as  to  make  a group 
of  four,  each  of  which  is  surrounded  by  its  own  capsule  (d),  whilst  the 
capsules  of  the  first  descent  (secondary)  blend  with  the  matrix  (e)  like 
their  predecessor. 

It  is  doubtful  bow  the  capsule  is  produced  ; whether  excreted  by  the  cell  which 
it  afterwards  incloses,  as  held  by  Kblliker  ; or  formed  by  conversion  of  a superficial 
layer  of  the  protoplasm  of  the  cell-body,  as  taught  by  Max  Schultze ; or  a prunan  y 
independent  deposit  around  the  cells.  However  this  may  be,  there  is  at  fust  no 
matrix  but  what  is  made  up  of  the  simple  capsules.  In  further  growth  there  is 
a difference,  according  as  the  cells  do  or  do  not  undergo  frequent  division.  In  the 


* Cartilages,  which  retain  this  condition  throughout  life,  have  been  termed  “ parenchy- 
matous.” A good  example  of  this  is  found  in  the  cartilage  of  the  mouses  ear,  and  in 
that  which  composes  the  notochord  of  the  embryo. 
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latter  case  a cell  becomes  surrounded  by  many  concentric  capsules  formed  in 
succession  ; that  is,  the  first  capsule  is  expanded,  and  the  others  formed  each 
within  its  expanding  predecessor,  so  that  the  cartilage  comes  to  consist  of  scattered 
cells,  each  with  a concentric  system  of  capsules,  which  by  means  of  re-agents 
may  be  rendered  visible  in  the  neighbourhood  of  the  cells,  but  further  off  are- 
inseparably  blended  into  a uniform  substance.  When,  on  the  other  hand,  the 
cells  have  a tendency  to  frequent  subdivision,  the  new  capsules  are  produced  by 


Fig.  46. 

ABODE 


Fig.  46. — Ideal  Plan  of  the  Multiplication  of  Cells  of  Cartilage. 

A,  cell  in  its  capsule  ; B,  divided  into  two,  each  with  a capsule  ; C,  primary  capsule 
disappeared,  secondary  capsules  coherent  with  matrix  ; D,  tertiary  division  ; E secondary 
capsules  disappeared,  tertiary  coherent  with  matrix. 


the  new  cells,  and  are  included  in  and  finally  blend  with  those  which  had  be- 
longed to  the  previous  cells,  as  shown  by  fig.  46. 

The  matrix,  although  thus  formed  of  the  capsules,  becomes  to  all  appearance- 
omogeneous  ; but  in  sections  of  cartilage  that  have  been  exposed  to  acids  and 
other  re-agents,  the  contour  lines  of  the  capsules  round  cells  and  cell-groups 
may  be  more  or  less  distinctly  brought  into  mew.  But,  whilst  admitting  that  the 
capsules  have  a share  in  the  production  of  the  matrix,  Kolliker  and  some  other 
histologists  incline  to  the  opinion  that  part  of  it  is  an  independent  deposit. 

eidenham,  however,  found  that,  when  thin  sections  of  cartilage  are  digested 
for  twenty-four  hours  in  water,  at  from  112°  to  122°  F,  or  in  diluted  nitric  acid 
with  chlorate  of  potash  for  a greater  or  less  time  according  to  the  degree  of 
dilution,  the  matrix  becomes  parted  or  marked  off  into  polygonal  areas  corres- 
ponding to  the  larger  groups  of  cells,  and  these  again  into  smaller  groups  or 
single  cells,  without  any  intervening  substance  ; the  whole  matrix  thus  appearing 
o be  portioned  out  into  segments,  each  appertaining  to  a larger  or  smaller  group 

to  them  and  m aU  P1'°bability  rePresentinS  the  aggregated  capsules  belonging 

nutritiontabnChrgeS  ThiC?  °°T  in,Cartila8'e  take  place  very  slowly.  Its  mode  of 
portion  rt  nl  ieni  7 6rre  t0  5 Xt  is  SUbject  t0  action,  and  when  a 

£ T disease  or  removed  by  the  knife,  it  is  not  regenerated. 

V SOmet™es  baPPcn*  v-ith  the  rib-cartilages,  there  is  no 

espSv  at  Sea^°U%matte\bUt,  the  br°ken  SUrfaces  become  connected, 

boS  clasp  * S CU™  fn"e’  by  fibr°US  °r  dense  areolar  tissue-  often  by  a 
cSaie  occm?^  notwithstanding  that  normally  it  is  not  regenerated,  hyaline 

tumours  pCr  ec  y characteristic  form  as  a morbid  product  in  certain 

which  iu  the  fireUrtTrV™-  to  show  that,  in  animals  at  least,  the  connective  tissue 
itself  transformed  into  tmei ^ 
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Fig.  47. 


ELASTIC  OR  YELLOW  CARTILAGE. 

The  epiglottis  and  cornicula  of  the  larynx,  the  cartilages  of  the  ear 
and  of  the  Eustachian  tube,  differ  so  much  from  the  foregoing,  both  in 
intimate  structure  and  outward  characters,  that  they  have  been  included 

in  a class  apart,  under  the  name  of 
the  “elastic,”  “yellow,”  or  “spongy” 
cartilages.  These  are  opaque  and  some- 
what yellow,  are  more  flexible  and  tough 
than  the  ordinary  cartilages,  and  have 
little  tendency  to  ossify.  They  are  made 
up  of  cells  and  a matrix,  but  the  latter 
is  everywhere  pervaded  with  fibres  (fig. 
47),  except  sometimes  in  a little  area 
or  narrow  zone  left  round  each  of  the 
cells.  These  fibres  resist  the  action  of 
acetic  acid  ; they  are  in  most  parts 
short,  straight,  and  confusedly  intersect- 
ing each  other  in  all  directions,  like 
the  filaments  in  a piece  of  felt ; in  such 
parts  the  matrix  has  a rough  indis- 
tinctly granular  look.  Here  and  there  the 
fibres  are  longer  and  more  fasciculated,  but  still  interlace  at  short  dis- 
tances. In  thin  sections  the  cells  readily  drop  out  from  the  matrix, 
leaving  empty  the  cavities  which  they  occupied. 

In  the  foetus  the  matrix  of  elastic  cartilage  is  at  first  homogeneous  and  hyaline, 
and  the  elastic  fibres  are  subsequently  produced  m it  They  appeai  fiist  m- ; 
-parts  of  the  matrix  which  are  in  immediate  connection  with  the  cartilage-cells 
(Hei^g  Dentschmann).  In  the  cartilage  of  the  external  ear  this  change  occurs 
about  the’  fifth  month  of  intra-uterine  life,  and  is  said  to dT  ^ 
central  parts,  i.e.,  those  furthest  from  the  perichondrium  (Rabl-Ruchhard.) 


Fig.  47. — Section  of  the  Epi- 
glottis, MAGNIFIED  380  DIAME- 
TERS (Baly). 


WHITE  FIBRO- CARTILAGE. 

This  is  a substance  consisting  of  a mixture  of  the  fib^u®  and  carti- 
laginous tissues,  and  so  far  partaking  of  the  qualities  of  both  L 
hyaline  cartilage,  it  possesses  firmness  and  elasticity,  but  these  pio- 
nerties  are  united  with  a much  greater  degree  of  flexibility  and  tough- 
ness. It  presents  itself  under  various  forms,  which  may  be  enurnei  ated 

^1  fi^«?Srgfib^cartnageB.  These  are  interposed between  ttie 
moving  surfaces  of  bones,  or  rather  of  articular  cartilages  m several 
nf  the'  ioints  They  serve  to  maintain  the  apposition  of  the  opposed 

surfaces  i^their  various  motions,  to  give  ease  to  the 

moderate  the  effects  of  great  pressure.  In  the  joint  of  the  lowei 
and  to  moderate  tne  th(fy  have  the  form  of  round  or  oval 

nkteT growing  thinner  towards  their  centre;  m the  knee-joint  t icy 
plates,  gio\\  t,  • 1 1 nnri  thinned  away  towards  their  concave 

T CUwd: 'inlu  eases  whde  they  ere  fixedby 

Jieeedge.  ‘ membrane  at  their  circumference  or  extremities. 

membSne  of  the  joint  is  prolonged  for  a short  d, stance 
upon  these  fibro-cartilages,  from  their  attached  margin. 
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2.  The  articular  cavities  of  bones  are  sometimes  deepened  and  ex- 
tended by  means  of  a rim  or  border  of  fibro-cartilage.  A good  example 
of  one  of  these  circumferential  or  marginal  fibro-cartilages  is  seen  in  the 
hip- joint,  attached  round  the  lip  of  the  cotyloid  cavity. 

3.  Connecting  fibro-cartilages  are  such  as  pass  between  the  adjacent 
surfaces  of  bones  in  joints  which  do  not  admit  of  gliding  motion,  as  at 
the  symphysis  of  the  pubes  and  between  the  bodies  of  the  vertebrae. 
They  have  the  general  form  of  disks,  and  are  composed  of  concentric 
rings  of  fibrous  tissue  with  cartilage  interposed ; the  former  predomi- 
nating at  the  circumference,  the  latter  increasing  towards  the  centre. 
The  bony  surfaces  between  which  they  pass  are  usually  encrusted  with 
true  cartilage.  The  modifications  which  they  present  in  particular 
instances  are  described  in  the  special  anatomy  of  the  joints. 

4 The  bony  grooves  in  which  tendons  of  muscles  glide  are  lined  with 
a thin  layer  of  fibro-cartilage.  Small  nodules  of  this  tissue  ( sesamoid 
fibro-cartilages)  may  also  be  developed  in  the  substance  of  tendons,  of 
which  there  is  an  example  in  the  tendon  of  the  tibialis  posticus,  where 
it  passes  beneath  the  head  of  the  astragalus.  Lastly,  fibro-cartilage  is 
sometimes  connected  with  muscular  tissue,  and  gives  attachment  to 
muscular  fibres,  like  that  which  is  known  to  exist  at  the  orifices  of  the 
heart. 

Fibio-cartilage  appears  under  the  microscope  to  be  made  up  of 
bundles  of  fibres,  like  those  of  ordinary  ligament,  with  cartilage-cells 
intermixed ; but  the  proportion  of  the  two  elements  differs  much  in 
the  different  instances  above  enumerated.  In  general  the  fibrous  tissue 
vdy  gieatly  predominates,  and  in  some  cases,  as  in  the  interarticular 
laminae  ot  the  knee-joint,  it  constitutes  almost  the  entire  structure.  In 
the  intervertebral  disks  the  cartilage-corpuscles  are  abundant  towards 
the  centre  of  the  mass  where  the  cartilaginous  tissue  prevails,  and  the 
substance  is  softer. 


In  chemical  composition  this  texture  agrees  most  with  ligament, 
yielding  gelatin  when  boiled.  ° ’ 

klo°d-vessels  are  very  few,  and,  according  to  Toynbee,*  are  con- 
fined to  the  parts  that  are  fibrous.  Its  vital  changes  are  slow  • it  is 
subject  to  absorption,  but  much  less  readily  so  than  bone ; hence  it  is  no 

trling  /?,  find  the  mtervertebral  disks  entire  when  the 
adjacent  bodies  of  the  vertebral  have  been  destroyed  by  disease  It 
lias  not  much  tendency  to  ossifv.  J y 11 

Little  is  known  concerning  the  mode  of  development  of  fibre-cartilage 

S Ktoilvt'  tlC  Ttrit  ■“  ? uod  that  fibrous  tissue 

the  n«3 len$  developed  within  it,  but  whether  as  an  ingrowth  from 
the  perichondrium  or  not  is  not  known  with  certainty. 


BONE  OR  OSSEOUS  TISSUE. 

struments^of ,Pr*nc^  organs  of  support,  and  the  passive  in- 
Ci  a fhmewoTof  1 i ed  ,togcthcr  in  ‘he  skeleton,  they 

are  of  delicate  struct m- Cm  -m  t i ’ ? r Position,  and  shelters  such  as 

servin'!-  its  shine-  in  1 il  stability  to  the  whole  fabric,  and  pre- 

sen  its  shape,  and  the  different  pieces  of  the  skeleton,  being  joined 

* Phil.  Trans.  1841. 
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moveably  together,  serve  also  as  levers  for  executing  the  movements  of 
the  body. 

While  substantially  consisting  of  hard  matter,  bones  in  the  living 
body  are  covered  with  periosteum  and  filled  with  marrow ; they  are- 
also  pervaded  by  vessels  for  their  nutrition.  .... 

Physical  Properties  of  Bone. — Bone  has  a white  colour,  with  a 
pink  and  slightly  bluish  tint  in  the  living  body.  Its  hardness  is  well 
known,  but  it  also  possesses  a certain  degree  of  toughness  and  elasticity ; 
the  last  property  is  peculiarly  well  marked  in  the  ribs.  Its  specific 

gravity  is  from  i '87  to  1‘ 97.  . , . , 

" Chemical  Composition.— Bone  consists  of  an  earthy  and  an  animal 
part,  intimately  combined  together;  the  former  gives  hardness  and 
rigidity,  the  latter  tenacity,  to  the  osseous  tissue.  . , 

^The  earthy  part  may  be  obtained  separate  by  calcination.  YY  hen 
bones  are  burned  in  an  open  fire,  they  first  become  quite  black,  like  a 
niece  of  burnt  wood,  from  the  charring  of  their  animal  matter;  but  it 
the  fire  be  continued  with  free  access  of  air,  this  matter  is  entirely 
consumed,  and  they  are  reduced  to  a white  brittle . chalk-like  sub- 
stance, still  preserving  their  original  shape,  but  with  the  loss  of  ab 
a third  of  their  weight.  The  earthy  constituent,  therefore,  amounts  to 
about  two-thirds  of  the  weight  of  the  bone.  It  consists  principally  of 
phosphate  of  lime,  with  about  a fifth  part  of  carbonate  of  lime  and 
much  smaller  proportions  of  fluoride  of  calcium,  chloride  of  sodium, 

^The  animal  constituent  may  be  freed  from  the  earthy,  by  steeping  a 
bone  in  diluted  hydrochloric  acid.  By  this  process  the  salts  of  1 me 
are  dissolved  out,  and  a tough  flexible  substance  remains  which,  like 
the  earthy  part,  retains  the  perfect  figure  of  the  original  bone  m its 
minutest  details  ; so  that  the  two  are  evidently  combined  mttjemos 
intimate  manner.  The  animal  part  is  often  named  the  cartilage  oi 
bone  but  improperly,  for  it  differs  entirely  from  cartilage  m structure, 
^ well  as  in  physical  properties  and  chemical  nature.  It  is  much 
softli  and  much  more  flexible,  and  by  boiling  it  is  almost  wholly 
resolved  into  gelatin.  It  may  accordingly  be  extracted  from  bones,  m 
form  of  a jelly,  by  boiling  them  for  a considerable  time,  especia  y 

under  high  pressure. 

t r»-F  hnnp  already  stated,  constitutes  about  two- 

The  earthy  or  salme  matter  of  bone,  ^ aneaay  a , ^ butfrom 

thirds  or  6G'7  per  cent.,  and  the  amma  pai  ^ proportion  of  the  several  con- 
observations  made  on  animals,  1 ^PP  individuals  of  the  same  species  under 

stitnents  may  differ  somewhat  m ortion  0f  earthy  matter  appears  to- 

apparently  similar  condition  . 1 Pconsiderably  greater  in  adults  than  in 

increase  for  some  time  after  birth,  individuals  as  to  health  and  nutri- 

infants  ; but.  from  the  varying  - mnarable  series  of  experiments 

tion  in  after  life,  there  is  as  yet  no  MJoyer<  is 

to  determine  whether  any  constant  , d depend  on  the  composition  of 

not  clearly  established  that  the  diffe  proportion  of  animal  matter  in 

the  proper  osseous  substance  ; .for  the  lai  . i j and  the  difficulty 
infancy  may  be  due  to  the  grea  ei  vaseu  a pores  Tlie  spongy  osseous  tissue, 
of  thoroughly  mXr?hafbeen  found  to 

carefully  freed  from  fat  and  adliei  0 stance  • and,  in  accordance  with 

contain  rather  less  earth  than  have  been  found  in 

this  result,  differences,  although  on  the  who  e *=  relative  amount  of 

different  bones  of  the  skeleton,  aPP®  J Alphonse  Milne-Edwards.) 

g£ K-  «■  i- 
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proportion  of  minute  pores  and  lacunae,  which  contain  soft  matter  scarcely 
separable  in  such  experiments. 

Subjoined  are  the  statements  of  two  analyses.  The  one,  by  Berzelius,  is  well 
known  ; the  other,  which  nearly  agrees  with  it,  was  performed  by  Middleton,  in 
the  laboratory  of  University  College.* 


Animal  matter  ..... 
Phosphate  of  lime  .... 

Carbonate  of  lime  .... 

Fluoride  of  calcium  .... 
Magnesia,  wholly  or  partially  in  the  state  of 
Soda  and  chloride  of  sodium 


Berzelius.  Middleton. 

. 33-30  — 33*43 
. 51-04  — 51-11 

. 11-30  — 10-31 
. 2-00  — 1*99 

phosphate  IT  6 — P67 
. 1-20  — 1-68 


In  the  compact  substance  of  a femur  that  had  been  long  buried,  Aeby  found 
only  16'5  per  cent,  of  animal  matter. 

The  phosphate  of  lime  is  peculiar,  and  passes  in  chemistry  under  the  name  of 
the  “bone-earth  phosphate.”  It  is  a tribasic  phosphate.  Von  Bibra  and  A. 
Milne-Edwardsf  found  the  proportion  of  the  carbonate  of  lime  to  the  phosphate 
greater  in  spongy  than  in  compact  tissue,  and  less  in  infantile  bones  generally 
than  in  those  of  adults.  The  fluoride  of  calcium  is  found  in  larger  quantity  in 
fossil  than  in  recent  bones. 


Structure.  On  sawing  up  a bone,  it  will  be  seen  that  it  is  in  some 
parts  dense  and  close  in  texture,  appearing  like  ivory ; in  others  open 
and  reticular : and  anatomists  accordingly  distinguish  two  forms  of 
osseous  tissue,  viz.,  the  compact,  and  the  spongy  or  cancellated.  On 
closer  examination,  however,  especially  with  the  aid  of  a magnifying 
glass,  it  will  be  found  that  the  bony  matter  is  everywhere  porous  in  a 
greatei  or  less  degree,  and  that  the  difference  between  the  two  varieties 
ot  tissue  depends  on  the  different  amount  of  solid  matter  compared 
with  the  size  and  number  of  the  open  spaces  in  each ; the  cavities  beino- 
very  small  in  the  compact  parts  nf  the  bone,  with  much  dense  matte? 
between  them ; whilst  m the  cancellated  texture  the  spaces  are  large 
and  the  intervening  bony  partitions  thin  and  slender.  There  is,  accord- 
ing y,  no  abrupt  limit  between  the  two,— they  pass  into  one  another  by 

cufaHom^f  ffVltieS  °f,  t,h®  compact  tissue  widening  out,  and  the  retb 
dilations  of  the  cancellated  becoming  closer  as  they  approach  the  parts 
where  the  transition  takes  place.  pp  e pans 

In  all  bones,  the  part  next  the  surface  consists  of  compact  substance 
which  forms  an  outer  shell  or  crust,  whilst  the  spongy  LxtuiB  is  coni 
amed  within.  In  a long  bone,  the  large  round  ends  are  made  up  of 

hnp1^  wf’  Wlt,1  011  y a coating  of  compact  substance*  in  the 
hollow  shaft,  on  the  other  hand,  the  spongy  texture  is  scanty  and  the 

from  the  Chtefly  frmt;d  °f  TmpaCt  bone’  which  increases  in  thickness 
horn  the  extremities  towards  the  middle,  at  which  point  the  girth  of 

s t ms? laeSa Pd ^ °n  tS  bonfs  tdi 

s tuose  of  the  skull,  the  compact  tissue  forms  two  plates  or  tables  as 

ey  are  cal  led,  inclosing  between  them  the  sponaf  textoe  which  in 

sfuSn?  The  s 

thin  ornif  f sp011gy  throughout,  save  at  their  surface,  where  there  is  a 

Ito/erttor*  Ct°K8"15trCe-  th\wm » mixed  tones,  sloh  a? 
other*  but  the  vPi,r  subsfcances  have  the  same  general  relation  to  each 

thefr^ special  arranotnJ®  ai.noimfc  ,°f  ea°h  in  different  parts,  as  well 
# lent  bi  particular  instances,  is  very  various. 

Philosophical  Magazine,  vol.  xxv.,  p.  18. 

T Ann.  des  Sc.  Nat.  4ine  Serie,  vol.  xiii.,  1860. 
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On  cIosg  inspection  the  cancellated  texture  is  seen  to  be  formed  of 
slender  bars  or  spicula  of  bone  and  thin  lamclke,  which  meet  together 
and  ioin  in  a reticular  manner,  producing  an  open  structure  which  ias 
been  compared  to  lattice-work  ( cancelU ),  and  lienee  the  name  usua  y 
applied  to  it.  In  this  way  considerable  strength  is  attained  without 
undue  weight,  and  it  may  usually  be  observed  that  the  strongest  laminae 
run  through  the  structure  in  those  directions  in  which  the  bone  has 
naturally  to  sustain  the  greatest  pressure.  The  open  spaces  or  areolae 
of  the  bony  network  communicate  freely  together ; m the  fresh  state 
they  contain  marrow  or  blood-vessels,  and  give  suppoi  o lese  so 
parts. 

Fig.  48. 


Ficr  48  —A,  Transverse  Section  of  a Bone  (ulna)  deprived  of  its  earth  by 

‘ ACID. 

The  openings  ol  the  Haversian «b  seen,  teal  site.  A small  portion  is  shaded 
to  indicate  the  part  magnified  in  Fig.  B. 

B,  Fart  of  the  Section  A,  magnified  20  diameters. 

The  lines  indicating  the  concentric  lamellae  are  seen,  and  among  them  the  lacunae  appear 
as  little  dark  specks. 

The  compact  tissue  is  also  full  of  holes ; these,  which  are  very  small 

“LThth  areTe^feSinS  of  s!S 
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century,  who  more  especially  called  attention  to  them.  Blood-vessels 
run  in  these  canals,  and  the  widest  of  them  also  contain  marrow.  They 
are  from  y-g^th  to  -g^th  of  an  inch  in  diameter:  there  are  some 
no  more  than  -g-^th,  but  these  are  rare ; the  medium  size  is  about 
g-g-oth.  The  widest  are  those  nearest  the  medullary  cavity,  and  they 
much  smaller  towards  the  circumference  of  the  bone.  ' They  are 
quite  short,  as  may  be  seen  in  a longitudinal  section,  and  somewhat 
crooked  or  oblique  at  their  ends,  where  they  freely  open  into  one 
another,  their  oblique  communications  connecting  them  both  longi- 
tudinally and  laterally.  Those  also  which  are  next  the  circumference 
of  the  bone,  open  by  minute  pores  on  its  external  surface,  and  the 
innermost  ones  open  widely  into  the  medullary  cavity;  so  that  these 
short  channels  collectively  form  a sort  of  irregular  network  of  tubes 
running  through  the  compact  tissue,  in  which  the  vessels  of  that  tissue 
are  lodged,  and  through  the  medium  of  which  these  vessels  commu- 
nicate together,  not  only  along  the  length  of  the  bone,  but  from  its 
surface  to  the  interior  through  the  thickness  of  the  shaft.  The  canals 
of  the  compact  tissue  in  the  other  classes  of  bones  have  the  same 
general  characters,  and  for  the  most  part  run  parallel  to  the  surface. 

On  viewing  a thin  transverse  section  of  a long  bone  with  a micro- 
scope of  moderate  power,  especially  after  the  earthy  part  has  been 
removed  by  acid  (fig.  48  b),  the  opening  of  each  Haversian  canal 
appears  to  be  surrounded  by  a series  of  concentric  rings.  This  ap- 
pearance is  occasioned  by  the  transverse  sections  of  concentric  lamellae 
which  surround  the  canals.  The  rings  are  not  all  complete,  for  here 
and  there  one  may  be  seen  ending  between  two  others.  In  some  of  the 
sets,  the  rings  are  nearly  circular,  in  others  oval, — differences  which 
seem  mostly  to  depend  on  the  direction  in  which  the  canal  happens  to 
be  cut : the  aperture  too,  may  be  in  the  centre,  or  more  or  less  to  one 
side,  and  in  the  latter  case  the  rings  are  usually  narrower  and  closer 
together  on  the  side  towards  which  the  aperture  deviates.  Again,  some 
ot  he  apertures  are  much  lengthened  or  angular  in  shape,  and  the 
lamellae  surrounding  them  have  a corresponding  disposition.  Besides 
the  lamellae  surrounding  the  Haversian  canals,  there  are  others  disposed 
conformably  with  the  circumference  of  the  bone  (fig.  48  b,  a)V  and 
which  may  therefore  be  said  to  be  concentric  with  the  medullary  canal  • 

g“e^an  T w,  Bnrface.of  the  bone-  othere  ™ between  the 

Jriaveisian  sets,  by  which  they  are  interrupted  in  many  places  Lastlv 

m various  parts  of  the  section,  lines  are  seen  which  lamelte’ 

ring  m dnection  from  both  of  the  above-mentioned  orders.  As  to 

bv  nTmt'arn  eUtla  ammEe’  Tomcs  ™d  De  Morgan  state  that  they  are 
are  molt  enr,  S°  comm.on,as  18  generally  supposed;  further,  that 'they 
mtSeSl  of  fuU  gro'rth’ in  which>  consequently, 

“he ^ means  o?gftPr0Ceed  Blo"k.!  and  thattheb  Presence  maybe  made 

bone  haTartret  mm?’  Certain  limits>  the  aSe  at  wMch  a 

wiah?h?Sfnte  la  a btngitudinal  section  of  the  bone  is  in  harmony 
straight  and  mr  n I'r  ^17en  : *be  sections  of  the  lamellae  are  seen  as 
the  bone  erceK?!  1?*’  in  the  longitudinal  direction  of 

slantingly  across  a ,'  n L l°  section  happens  to  have  passed  directly  or 
a transferee  section  a foJ  u'Ilcl'cve1'  this  occurs  there  is  seen,  as  in 
on  account  of  the  Jbhquify  °0f ^ ^ lenSthenod 
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The  cancellated  texture  has  essentially  the  same  lamellar  structure. 
The  slender  bony  walls  of  its  little  cavities  or  areolm  are  made  up  ot 
superimposed  lamellae,  like  those  of  the  Haversian  canals  (fig.  48  b,  l>), 
only  they  have  fewer  lamellae  in  proportion  to  the  width  of  the  cavities 
which  they  surround  ; and,  indeed,  the  relative  amount  ot  solid  mat  ei 
and  open  space  constitutes,  as  already  said,  the  only  difference  betw  een 
the  two  forms  of  bony  tissue  ; the  intimate  structure  of  the  solid  sub- 
stance and  the  manner  of  its  disposition  round  the  cavities  being 

essentially  the  same  in  both.  , 

Besides  the  openings  of  Haversian  canals  as  above  described,  a trans- 
verse section  of  the  compact  bone  now  and  then  presents  vacuities  or 
spaces  formed  by  absorption  of  the  tissue.  These  are  named  Haversian 
spaces  ” by  Tomes  and  De  Morgan,  who  first  showed  that  they  occur 
not  only  in  growing  bone  but  at  all  periods  of  life.  _ In  their  primitive 
condition  these  cavities  are  characterised  by  an  irregular  or  eroded 
outline,  and  their  formation  by  absorption  is  further  indicated  by  their 
encroaching  on  the  adjacent  groups  of  concentric  lamellae,  which  have 
been,  as  it  were,  eaten  away  to  a greater  or  less  extent  to  give  place  o 
the  new  cavity.  In  another  stage  the  spaces  m question  are  lined  by 
new-formed  lamellae,  which  may  as  yet  be  confined  to  the  peripheral 
part  of  the  vacuity,  or  may  fill  it  up  in  a concentric  series,  leaving  a 
Haversian  aperture  in  the  middle,  and  in  fact,  constituting  a system  of 
concentric  Haversian  lamellae,  interpolated  or  intruded  among  those  pre- 
viously existing.  The  concentric  lamellae,  which  thus  come  i°  0CClW 
^ greater  or  less  extent  of  the  area  of  the  cavity,  are  of  course  bounded 
exteriorly  by  segments  of  adjoining  sets  of  Haversian  lamellae,  whic 
have  been  more  or  less  cut  in  upon  in  the  excavation  of  the  space, 
hal  been  further  observed  by  Tomes  and  De  Morgan,  that  vacuities 
mav  sometimes  be  seen  which  are  being  filled  up  at  one  pait  by 
deposition  of  lamellae,  whilst  they  are  extending  themselves  by  absorp- 
tion at  another.  The  Haversian  spaces  are  most  numerous  m young 
cowing  boBes  . but,  as  already  stated,  they  occur  also  after  growth  _ s 
completed  Their  origin  and  changes  will  be  better  understood  aftei 
3 to  perused  thf  account  of  "the  growth  and  developmen  of  bon  , 
to  which  head,  indeed,  the  subject  more  properly  belongs,  although 
line  sp0i]i0cl  expedient  to  introduce  it  lieie.  five* 

C All  over  the  section  numerous  little  dark  specks  are  seen  amo  g 

ST  ‘to  ^ef 

transmitted  light,  lias  the  apwarance 

openings  of  the  Haversian  canals  are  seen  with  then  cncnc  * in 

and  among  these  the  corpuscles  or  larauun,  \nd  nearly 

a corresponding  order,  appear  as  black 01 dark  b ^ 

opaque  oblong  spots  with  fine  dark  line £“  when  the 
causing  them  to  look  not  unlike  lltP,®  the  l?-ht  falling  on  it  (as 
same  section  is  seen  against  dark  STO™d-T!™  md  p^s  appear 

we  usually  view  an  opaque  object),  the  1 tie  bodies  an^  $eI. 

nnite  white  like  figures  drawn  with  chalk  on  a slate,  ana 
mediate  substance,  being  transparent,  now  appears  dai  . 
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The  lacunae,  as  already  stated,  are  minute  recesses  in  the  bone,  and 
the  lines  extending  from  them  are  fine  pores  or  tubes  named  “ canaliculi  ” 
which  issue  from  their  cavity.  The  lacunae  present  some  variety  of 
figure,  but  in  such  a section  as  that  represented  they  for  the  most  part 
appear  irregularly  fusiform,  and  lie  nearly  in  the  same  direction  as  the 
lamellae  between  which  they  are  situated  ; or,  to  speak  more  correctly, 


Fig.  49. 


Fig.  49.  Transverse  Section  of  Compact  Tissue  (of  humerus)  magnified  about 

150  DIAMETERS. 

Three  of  the  Haversian  canals  are  seen,  with  their  concentric  rings  ; also  the  corpuscles 
oi  lacuna;,  with  the  canaliculi  extending  from  them  across  the  direction  of  the  lamella:' 

SiSn^pw^i5a?i,beS>me  fille,d  Yith  d4bris  in  grindins  down  the  sectiou’ 

Steel  light  6 SUre’  represents  the  object  as  viewed  with  trans- 

it little  cavities  are  flattened  and  extended  conformably  with  the 

aimlaf fusiform1611  rM  bT  1SiCUt  lonSitudinally,  their  sections  still 
appeal  fusiform  and  lengthened  out  in  the  direction  of  the  lamellm 

Tlie  canaliculi,  on  the  other  hand,  pass  across  the  lamella,  and  they 

mmumcate  with  those  proceeding  from  the  next  range  of  lacunas  so 

iS  Hhe  llttle  CaIifci!eS  With  each  0ther  5 and  thus  since  the 
svstem  of  ponr  m0  Central.ran^e  °Pen  int0  the  Haversian  canal,  a 
their  lacu^  nW,°US  Pasfafea  18  established  by  these  minute  tubes  and 
canal  throimh1^  Wh-lch  flFds  ma^  7 conducted  from  the  Haversian 
probable  tW  it  77  °f  sulT0PdmS  lamellae  ; indeed,  it  seems 
nutrient  matte^lf^^  PurP0Se  these  minute  passages  is  to  allow 
through  the  mass  of  bE  77' 3yed  -the  ocular  Haversian  canals 

In  like  manner  ibo  laid  P°ne  which  lies  around  and  between  them, 
and  into  the  onvir  cana  lcldl  °Pen  mto  the  great  medullary  canal, 
bony  parietes  TZ  caBcellated  texture;  for  in  the  thin 

exist  Pindeerl  ?!  t ? cavitlf  lacunm  are  also  contained;  they 
eed,  m all  parts  of  the  bony  tissue.  As  first  shown 
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by  Virchow,  each  lacuna  is  occupied  by  a nucleated  cell,  or  soft 
corpuscle,  which  sends  branches  along  the  canaliculi;  and  later 
observers  (Rouget,  Neumann,)  state  that  they  have  been  able  to  detach 
the  proper  osseous  wall  of  the  lacuna  and  its  appertaining  canaliculi 
after  decalcification,  and  to  obtain  it  separate  with  its  included,  corpuscle. 

It  can  scarcely  be  doubted  that  the  protoplasm  of  the  nucleated  cor- 
puscle takes  an  important  share  in  the  nutritive  process  in  bone,  and 
very  probably  serves  both  to  modify  the  nutritive  fluid  supplied  from 
the  blood  and  to  further  its  distribution  through  the  lacunar  and  canali- 
cular system  of  the  bony  tissue.  Virchow  considers  that  the  corpuscles 
of  bone  are  homologous  with  those  of  connective  tissue  : to  this  it  may 
be  added  that  the  enclosing  lacunrn  and  canaliculi  may  be  looked  upon 
as  corresponding  to  the  cell-spaces  (Saft-caniilchen)  of  that  tissue. 

To  return  to  the  lamellae.  With  a little  pains,  thin  films  may  be 
peeled  off  in  a longitudinal  direction  from  a piece  of  bone  that  has  been 
softened  in  acid.  These  for  the  most  part  consist  of  several  laminae,  as 
may  be  seen  at  the  edge,  where  the  different  layers  are  usually  torn  un- 
equally, and  some  extend  farther  than  others.  Examined  m this  way, 
under  the  microscope,  the  lamellae  are  seen  to  be  perforated  with  flue 
apertures  placed  at  very  short  distances  apart.  These  apertures  wer 
described  by  Deutsch,*  but  they  have  not  much  attracted  the  notice 
of  succeeding  observers  ; they  appear  to  be  the  transverse  sectio 

of  the  canaliculi  already  described,  and  their 
relative  distance  and  position  accord  sufficient  y 
with  this  explanation.  According  to  this  view, 
therefore,  the  canaliculi  might  (m  a certain 
sense)  be  conceived  to  result  from  the  apposi- 
tion of  a series  of  perforated  plates,  the  aper- 
tures of  each  plate  corresponding  to  those  of 
the  plates  contiguous  with  it ; m short,  tliey 
might  be  compared  to  holes  . bored  to  some 
depth  in  a straight  or  crooked  direction  through 
the  leaves  of  a book,  in  which  case  it  is  plain 
that  the  perforations  of  the  adjoining-  leaves 
would  correspond;  it  being  understood,  how- 
ever, that  the  passages  thus  formed  are  most 
likely  bounded  by  proper  parietes.  dhe  aper- 
tures now  referred  to  must  be  distinguished 
from  larger  holes  seen  in  some  lamellae,  which 
give  passage  to  the  perforating  fibres  to  be 

mentioned  further  on.  , 

But  the  lamellae  have  a further  stiuctuie. 
To  see  this,  the  thinnest  part  of  a detached 
shred  or  film  must  be  examined,  as  shown  in 
figs.  50  and  52  ; it  will  then  appear  plainly 
that  they  are  made  up  of  transparent  fibres^ 
decussating  with  each  other  m the  foini  of  an 

v'Er'S 


Fig.  50.  — Thin  Later 

PEELED  OFF  FROM  A SOFT- 
ENED Bone,  as  it  appears 

UNDER  A MAGNIFYING 

POWER  OF  400. 

Tliis  figure,  which  is  in- 
tended to  represent  the  reti- 
cular structure  of  a lamella, 
gives  a better  idea  of  the 
object  when  held  rather 
farther  off  than  usual  from 
the  eye. 


* Pc  Fenitiori  Ossium  Structur'd.  Wratisl.  1834,  p.  17,  Fig.  6. 
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separate  for  a little  way,  standing  out  like  the  threads  of  a fringe. 
Most  generally  they  are  straight,  as  represented  in  the  figure  ; but  they 
are  not  always  so,  for  in  some  parts  they  assume  a curvilinear  direction. 
Acetic  or  hydrochloric  acid  causes  these  fibres  to  swell  up  and  become 
indistinct,  like  the  white  fibres  of  connective  tissue  ; care  must  there- 
fore be  taken  in  their  examination  that  the  remains  of  the  decalcifying 
acid  be  removed  from  the  tissue,  by  maceration  in  water  or  in  solution 
of  an  alkaline  carbonate.  Moreover,  the  fibro-reticular  structure  is  not 
equally  distinct  in  all  parts  where  its  presence  is  recognisable  ; for  in 
some  places  it  is  less  decidedly  marked,  as  if  the  fibrillation  were  incom- 
pletely developed. 

In  many  instances  the  lamellae  are  perforated  by  fibres,  or  rather 
bundles  of  fibres,  which  pass  through  them  in  a perpendicular,  or 
oblique  direction,  and,  as  it  w7ere,  bolt  them  together.  These  perforating 
fibres  maybe  seen,  with  the  aid  of  the  microscope,  iu  a thin  transverse 
slice  of  a decalcified  cylindrical  or  cranial  bone,  on  pulling  asunder  the 
sections  of  the  lamellae  (as  in  fig.  51).  In  this  way  some  lamellae  will 
generally  be  observed  with  fibrous  processes  attached  to  them  (fig.  51  5) 
of  various  lengths,  and  usually  tapering  and  pointed  at  their  free  ex- 
tremities, but  sometimes  truncated — probably  from  having  come  in  the 
way  of  the  knife.  These  fibres  have  obviously  been  drawn  out  from 
the  adjacent  lamellae,  through  several  of  which  they  must  have  pene- 
trated. Sometimes,  indeed,  indications  of  perforations  may  be  recog- 
nised in  the  part  of  the  section  of  bone  from  which  the  fibres  have  been 
pulled  out  (fig.  51  c).  The  processes  in  question  are  thus,  so  to  speak. 

Fig.  51. 


Fi0.  51.  Magnified  ^ iew  of  a Perpendicular  Section  through  the  External 
Iable  of  a Human  Parietal  Bone,  decalcified. 


At  a,  perforating  fibres  in  their  natural  situatior 
Mfiller ) 1C  kmell£e  5 at  C’  tlle  h0lcs  ov  sockets  out 


at  5,  others  drawn  out  by  separa- 
which  they  have  been  drawn  (H. 


viewed  m profile  ; but  they  may  frequently  also  be  seen  on  the  flat  sur- 
ace  o etached  lamellae,  projecting  like  nails  driven  perpendicularly 


88 


BONE. 


or  slantingly  through  a hoard  (fig.  52,  c);  whilst  the  lamellae  at 
other  parts  present  obvious  apertures  of  considerable  size,  through 
which  perforating  fibres  had  passed  (as  at  a). 


These  perforating  fibres  exist  very  generally  in  the  bones  of  vertebrata.  The 
late  Henry  Muller,  of  Wurzburg,  has  supplied  many  details  respecting  their 
arrangement  in  man  and  mammalia  * Kolliker  considers  them  to  be  connected 
■with  the  periosteum,  and  this,  no  doubt,  is  the  case  with  some  of  them— some  of 
those,  for  example,  which  penetrate  the  external  table  of  the  cranial  bones  , but 
in  cross  sections  of  cylindrical  bones  they  often  appear  to  spring,  with  their  broad 
ends,  from  the  deeper  lamellar,  and  taper  outwards  into  fine  points,  which  do 
not  reach  the  periosteum  ; although  without  doubt  they  must,,  like  the  bony 
layers  in  which  they  occur,  have  been  formed  by  subperiosteal  ossification.  They 
are  rarely  found,  and  when  present  are  smaller,  in  the  concentric  systems  of 
Haversian  lamellar ; in  this  case  they  must  of  course  have  been  formed  from 
the  osteoblastic  tissue  (similar  in  nature  to  that  under  the  periosteum)  which 
occupied  the  medullary  spaces  and  produced  the  concentric  laminar.  Perforating 
fibres  exist  abundantly  in  the  evusta  pctvosci  of  the  teeth. 


wi-i 


Ficr  52— Lamella  torn  off  from  a Decalcified  Human  Parietal  Bone  at 

° SOME  DEPTH  FROM  THE  SURFACE, 

superposed ; c,  e,  perforating  Attorn  , Magnitude  a,  seen 

KSiSra  sst&s  "a  si  <r;°adUi  * «-w 

if  The  perforating  fibres,  or  rather  bundles  of  fibres,  for  the  most  part agree  to 

character  with  the  white  fibrous  tissue,  but  some,  according  to  H.  Muller  aie 
cnaracuei  witu  u ® shown  that  m some  parts  the  fibres 

i 

* Wiirzburger  Naturw.  Zeitschr.,  vol.  i.,  P-  -96- 
•(•  Phil.  Trans.  1853,  p.  116. 
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Muller's  explanation ; at  the  same  time  it  is  equally  certain  that  uncalcified  fibres, 
though  numerous  at  particular  spots,  are  by  no  means  so  frequent  as  might  be 
inferred  from  Muller’s  account  of  them,  and  that  the  peifoiating  fibres  may  be 
said  to  be  generaRy  calcified.  Finally,  these  fibres  seem  to  have  no  physiological 
significance  : they  may  be  regarded  as  merely  a modification  of  the  mechanical 

structure  of  the  tissue.  . 

Iu  ci  thin  transverse  section  of  hard,  hone,  the  concentric  lines,  01  lathei  hands 
which  represent  the  cut  edges  of  the  lamelke,  generally  present,  with  transmitted 
light,  a dark  granular-looking,  and  a light,  transparent,  and  usually  narrower 
zone.'  Under  a high  power  of  the  microscope  the  former  appears  thickly  dotted 
over  ” with  fine  dark  points.  In  a decalcified  section  the  dark  part  shows  a 
multitude  of  short  bright  lines  running  radially  across  it,  with  dark  angular 
particles  between  them.  The  lines  are  probably  caused  by  pores  and  fine  clefts 
passing  through  the  lamella  : the  appearance  of  dark  particles  seems  to  be  pio- 
duced  by  the  cut  ends  of  the  reticulating  fibres  of  which  the  lamella:  are  made 
up.  A longitudinal  section  of  a cylindrical  bone  earned  across  the  lamellae  pre- 
sents a corresponding  appearance,  for  as  the  fibres  run  more  or  less  obliquely  to 
the  axis  of  the  bone,  they  present  cut  ends  in  a longitudinal  section  also. 

It  thus  appears  that  the  animal  basis  of  bone  is  made  up  of  lamellm 
composed  of  fine  reticular  fibres  ; but  interposed  among  these  lamellm, 
layers  are  here  and  there  met  with  of  a different  character,  viz.  : — 

1.  Strata  of  amorphous  or  granular  aspect,  in  which  the  lacuna:  are  very  con- 
spicuous and  regularly  arranged,  and  sometimes  appearing  as  if  surrounded  by 
faintly  defined  areola:.  These  generaRy  incomplete  layers  are  often  bounded  by  a 
scalloped  border,  as  if  made  up  of  confluent  round  or  oval  bodies  ; this  is  indi- 
cated also  by  the  occasional  occurrence  of  oval  or  flattened  spheroidal  bodies 
singly  or  in  small  groups  near  the  border  of  these  layers,  each  with  a cavity  in 
the  centre.  In  fact,  if  the  round  bodies  shown  in  figure  53  had  a central  cavity, 
they  would  very  well  represent  the  objects  here  referred  to.  In  some  parts  the 
granular  substance  is  obscurely  fibrous,  and  transitions  may  be  observed  to  the 
weU-marked  reticular  lamina:.  The  layers  described  appear  principaUy  to  occur 
near  the  surface  of  the  compact  tissue,  and  at  the  circumference  of  many  of  the 
systems  of  concentric  Haversian  lamella:. 

2.  Irregular  layers  of  rounded  bodies,  apparently  solid  and  without  central 
cavity  or  mark,  weU  represented  in  figure  53,  which  is  after  a drawing  from 
nature  by  Dr.  A.  Thomson.  These  layers  are  met  with  chiefly  near  the  surface  of 
the  shaft  of  long  bones,  lying  among  the  circumferential  lamina:,  and  apparently 
forming  only  part  of  a circuit.  They  can  occasionaRy  be  recognised  in  a trans- 
verse section  as  short  curvflinear  bands  of  peculiar  aspect,  broader  in  the  middle 
and  thinning  away  at  the  ends,  appearing  here  and  there  between  the  cut  edges 
of  two  ordinary  circumferential  laminae. 

The  appearances  described  under  1 and  2,  and  especially  the  last,  as  represented 
in  fig.  53,  may  be  accounted  for  by  the  explanation  offered  by  Professor  C. 
Loven,  of  Stockholm,  on  seeing  the  figure  and  specimens  ; viz.,  that  the  sur- 
face covered  apparently  with  globular  bodies,  single  or  in  botryoidal  groups, 
is  reaRy  a cast  in  relief  from  a contiguous  surface  of  bone  that  has  been 
excavated  by  absorption.  It  is  known  that  in  the  growth  of  a bone  absorption 
occurs  at  various  parts,  and  is  often  followed  by  fresh  ossific  deposition  ; as,  for 
example,  in  the  excavation  and  subsequent  filling  up  of  the  Haversian  spaces. 
The  absorption  in  such  cases  is  a healthy  process,  but  the  absorbed  surface  is,  as 
in  absorption  from  disease,  eroded  or  scooped  out  into  sinuous  hollows,  the  larger 
of  which  are  again  carved  on  the  inside  into  smaller  rounded  pits  (foveohe).  Hew 
osseous  matter  deposited  on  such  a surface  fflls  up  its  hollows,  and,  when  the 
new  layer  is  detached,  it  exhibits  a raised  impression  corresponding  wdth  them.* 

Two  observations  which  I have  had  occasion  to  make  favour  this  explanation.  A 
cross  section  of  a (large)  serpent’s  rib  shows  an  outer  and  an  inner  series  of  concentric 
lamella:  surrounding  the  medullary  canal,  and  the  inner  trenches  on  the  outer  by  a festooned 
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Fig.  53. 


pjcr,  53. Portion  op  a Nodulated  Layer  of  Bone-Tissue  from  near  the  surface 

of  the  Shaft  of  a Decalcified  Humerus. 


At  one  side  slireds  of  fibrous  lamella  are  seen  in  the  figure.  Magnified  300 

diameters. 

Ossified  cartilage  is  found  on  the  articular  ends  of  adult  bones, 
lying  underneath  the  natural  cartilage  of  the  joint,  both  m the  move- 

vationa  that  correspond.  Again,  in  the  grinding  tooth  c the  tone,  the  ™rr.,ce^  ^ 

I am  led  to  the  conclusion  that  they  are  mammillary  elevations  ot  the  > d 

hv  their  (sometimes  contracted)  bases  with  the  general  substance.  1 <•  ■ ^ 

SSeEfication,  but  the  surface  of  the  dentine  o the  c™  and  root  = mb  the 

SSSTJSSi  — 

connection,  [w.s.] 
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The  animal  basis  is  here,  however,  of  a totally  different  nature  from 
that  of  the  bone  beneath  ; for,  when  the  earthy  matter  is  extracted 
by  means  of  an  acid,  the  tissue  which  remains  has  all  the  characters  of 

car  til  ci^*c 

As  to  the  mode  in  which  the  earthy  matter  is  connected  with  the 
animal  substance,  we  know  that  the  combination  is  very  intimate,  but 
the  manner  in  which  it  is  effected  is  not  fully  understood  ; probably 
there  is  a chemical  union  between  the  collogenous  matter  and  the  earthy 
SclltjS 

The  periosteum,  as  already  stated,  is  a fibrous  membrane  which 
covers  the  bones  externally.  It  adheres  to  them  veiy  firmly,  and  in- 
vests every  part  of  their  surface,  except  where  they  are  covered  with 
cartilage  or  connected  to  other  bones  by  fibro-cartilage.  According  to 
Kolliker  it  is  composed  of  two  different  layers ; the  outer,  consisting  of 
white  fibres,  and  containing  occasional  fat-cells,  is  the  means  of  sup- 
porting numerous  blood-vessels  destined  for  the  bone,  which  ramify  in 
the  membrane,  and  at  length  send  their  minute  branches  into  the 
Haversian  canals  of  the  compact  substance,  accompanied  by  processes 
of  filamentous  tissue  derived  from,  or  at  least  continuous  with,  the 
periosteum.  The  inner  layer  is  made  up  of  elastic  fibres ; and 
frequently  presents  the  appearance  of  several  distinct  strata  of  “ elastic 
membrane.”  Between  those,  however,  and  the  proper  osseous  tissue 
there  is,  in  the  young  bone  at  least,  a fibrous  stratum  containing  a 
number  of  granular  corpuscles  (fig.  62,  c ).  Fine  nerves  spread  out 
in  the  periosteum  ; they  are  chiefly  associated  with  the  arteries,  and 
for  the  most  part  destined  for  the  subjacent  bone  ; but  some  are  for 
the  membrane  itself.  By  treating  the  membrane  with  nitrate  of 
silver,  lymphatics  are  discovered  in  it  accompanying  the  blood-vessels, 
and,  as  in  other  aponeurotic  structures,  extensive  epithelioid  markings, 
covering  a great  part  of  the  surface,  are  brought  into  view. 


The  chief  use  of  this  membrane  is  evidently  to  support  the  vessels  going  to  the 
hone,  and  afford  them  a bed  in  which  they  may  subdivide  into  fine  branches,  and 
so  enter  the  dense  tissue  at  numerous  points.  Hence,  when  the  periosteum  is 
stripped  off  at  any  part,  there  is  great  risk  that  the  denuded  portion  of  the  bone 
will  die  and  exfoliate.  The  periosteum  also  contributes  to  give  firmer  hold  to  the 
tendons  and  ligaments  where  they  are  fixed  to  bones ; indeed,  these  fibrous 
structures  become  continuous  and  incorporated  with  it  at  their  attachment.  Its 
relation  to  the  growth  of  bone  will  be  referred  to  later  on. 


The  marrow  ( medulla  ossiurn ) is  lodged  iu  the  interior  of  the  bones  ; 
it  fills  up  the  hollow  shaft  of  long  bones  and  occupies  the  cavities  of 
the  cancellated  structure  ; it  extends  also  into  the  Haversian  canals — 
at  least  into  the  larger  ones — along  with  the  vessels.  A fine  lnj'er  of  a 
highly  vascular  areolar  tissue  lines  the  medullary  canal,  as  well  as  the 
smaller  cavities  which  contain  marrow  ; this  has  been  named  the 
medullary  membrane,  internal  periosteum,  or  endosteum  ; but  it  cannot 
be  detached  as  a continuous  membrane.  Its  vessels  partly  supply 
the  contiguous  osseous  substance,  and  partly  proceed  to  the  clusters 
of  adipose  vesicles,  among  which  there  is  but  very  little  connective 
tissue,  in  consequence  perhaps  of  their  being  contained  and  supported 
by  bone. 

The  marrow  differs  considerably  in  different  situations.  Within  the 
shaft  of  the  long  bones  it  is  of  the  character  of  ordinary  adipose  tissue, 
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and  contains,  in  100  parts,  90  of  fat,  1 of  connective  tissue,  and  3 of 
water.  In  short  bones,  and  in  the  cancellated  ends  of  long  bones,  but 
especially  in  the  cranial  diploe,  the  bodies  of  the  vertebrae,  the  sternum, 
and  the  ribs,  it  is  red  or  reddish  in  colour,  of  more  fluid  consistence, 
and  with  very  few  fat-cells.  That  from  the  diploe  consists  of  75  parts 
of  water  and  25  of  solid  matters,  which  are  chiefly  albumin,  fibrin, 
extractive  and  salts,  with  mere  traces  of  fat.  While,  however,  the  fat- 
cclls  are  scanty  in  the  red-coloured  marrow,  it  contains  numerous 
roundish  nucleated  cells — the  proper  marrow  cells  of  Kolliker.  These, 
which  in  general  appearance  resemble  the  pale  corpuscles  of  the  blood, 
and  like  them  exhibit  amoeboid  movements,  are  supported  by  a fine 
reticulum  of  connective  tissue.  They  vary  somewhat  in  size,  and  many 
of  them  present  a reddish  colour,  resembling  somewhat  in  appearance 
the  nucleated  primitive  red  corpuscles  of  the  embryo;  indeed,  it  is  stated 
that  ordinary  red-blood  corpuscles  are  produced  from  them  (Neumann, 
Bizzozero).  Other  cells  have  occasionally  been  noticed  containing 
one  or  more  red  corpuscles  in  their  interior  : whether  these  have  been 
developed  in  situ  in  a manner  similar  to  that  previously  described  in 
connective  tissue  corpuscles  of  the  young  animal,  or  have  been  taken 
into  the  interior  of  an  amoeboid  cell,  there  to  be  transformed  into  pigment 
granules,  is  not  certainly  known.  Cells  containing  reddish  pigment 
granules  are,  however,  not  uncommon.  In  addition  to  these  smallei 
cells,  and  larger  ones  which  resemble  connective  tissue-corpuscles, 
there  occur  in  the  marrow,  especially  in  the  neighbourhood  of  the 
osseous  substance,  large  multi-nucleated  protoplasmic  masses  (myelo- 
plaques,  Robin),  which,  as  pointed  out  by  Ivolliker,  appear  to  be  more 
especially  concerned  with  the  process  of  absorption  of  bone,  under  which 

they  will  consequently  be  described.  # 

Blood-vessels. — The  bones  are  well  supplied  with  blood-vessels.  A 
network  of  periosteal  vessels  covers  their  outward  surface  ; others  pene- 
trate to  the  cavities  of  the  spongy  part  and  the  medullary  canal,  on  the 
sides  of  which  they  ramify  ; and  fine  vessels,  deprived  of  their  muscular 
coat,  run  through  all  parts  of  the  compact  tissue  in  the  Haversian  canals. 
The  sides  of  these  internal  cavities  and  canals  make  up  togethei  a large 
extent  of  inward  surface  on  which  vessels  are  spread.  The  nutritious 
iwr  fi-iooQ  vnocnl g im  flonbt  escanes  through  then  coats 


colour  and  opacity.  Numberless  sms 
periosteum,  as  already  mentioned,  pass 
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in  the  compact  substance.  These  are  both  arterial  and  venous,  but 
according  to  Todd  and  Bowman,  the  two  kinds  of  vessels  occupy 
distinct  passages ; and  the  veins,  which  are  the  larger,  are  said  to 
present,  at  irregular  intervals,  pouch-like  dilatations.  Arteries,  of  larger 
size  but  fewer  in  number,  proceed  to  the  cancellated  texture.  In  the 
long  bones  numerous  apertures  may  be  seen  at  the  ends,  near  the 
articular  surfaces  ; some  of  these  give  passage  to  the  arteries  referred 
to,  but  the  greater  number,  as  well  as  the  larger  of  them,  are  for  the 
veins  of  the  cancellated  texture,  which  run  separately  from  the  arteries. 
Lastly,  a considerable  artery  goes  to  the  marrow  in  the  central  part  of 
the  bone ; in  the  long  bones  this  medullary  artery,  often,  but  impro- 
perly, called  “ the  nutritious  artery,”  passes  into  the  medullary  canal, 
near  the  middle  of  the  shaft,  by  a hole  running  obliquely  through  the 
compact  substance.  The  vessel,  which  is  accompanied  by  one  or  two 
veins,  then  sends  branches  upwards  and  downwards  to  the  marrow  and 
medullary  membrane  in  the  central  cavity  and  the  adjoining  Haversian 
canals  ; from  these  branches  capillaries  pass  radially  towards  the  peri- 
phery. The  comparatively  narrow  arterial  capillaries  pass  suddenly  into- 
the  wide  venous  ones,  so  that  the  current  of  blood  must  be  considerably 
retarded  both  in  these  and  in  the  large  thin-walled  veins.  The  blood  con- 
tained in  these  is  said  to  possess  a large  number  of  pale  corpuscles,  as 
well  as  transitions  from  these  to  the  red.  The  ramifications  of  the  me- 
dullary artery  anastomose  with  the  arteries  of  the  compact  and  cancel- 
lated structure  ; indeed,  there  is  a free  communication  between  the  finest 
branches  of  all  the  vessels  which  proceed  to  the  bone,  and  there  is  no 
strictly  defined  limit  between  the  parts  supplied  by  each.  In  the  thigh- 
bone there  are  two  medullary  arteries  entering  at  different  points. 

The  veins  of  the  cancellated  texture  are  peculiar  and  deserve  special 
notice.  They  are  large  and  numerous,  and  run  separately  from  the 
arteries.  Their  arrangement  is  best  known  in  the  bones  of  the  skull, 
where,  being  lodged  in  the  diploe  or  spongy  texture  between  the  outer 
and  inner  compact  tables,  they  have  received  the  name  of  the  diploic 
veins.  They  run  in  canals  formed  in  the  cancellated  structure,  the 
sides  of  which  are  constructed  of  a thin  lamella  of  bone,  perforated 
here  and  there  for  the  admission  of  branches  from  the  adjoining 
cancelli.  The  veins,  being  thus  inclosed  and  supported  by  the  hard 
structure,  have  exceedingly  thin  coats.  They  issue  from  the  bone  by 
special  apertures  of  large  size.  A similar  arrangement  is  seen  in  the 
bodies  of  the  vertebras,  from  whence  the  veins  come  out  by  large 
openings  on  the  posterior  surface. 

The  lymphatics  of  the  bones  are  but  little  known  ; still,  there  is 
evidence  of  their  existence,  for,  independently  of  the  authority  of  Mas- 
cagni (who,  however,  does  not  state  that  he  injected  the  vessels  which 
he  took  for  the  lymphatics  of  bone),  we  have  the  testimony  of 
Lruikshank,  who  injected  lymphatics  coming  out  of  the  body  of  one 
of  the  dorsal  vertebras,  in  the  substance  of  which  he  also  saw  them 

ramifying.""  The  lymphatics  in  the  periosteum  have  been  already 
noticed  (p.  01). 

1 ine  nerves  have  been  seen  passing  into  the  medullary  canal  of  some 
ol  the  Jong  bones  along  with  the  artery,  and  following  its  ramifications, 
but  then  ultimate  distribution  is  doubtful ; and  Kolliker  describes  fine 


* Anatomy  of  the  Absorbing  Vessels,  1790,  p.  198. 
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nervous  filaments  as  entering  with  the  arteries  of  the  bone  to  the 
spongy  and  compact  tissue.  As  far,  however,  as  can  be  judged  from 
observations  on  man  and  experiments  on  the  lower  animals,  the  bones, 
as  well  as  their  investing  periosteum,  are  scarcely  if  at  all  sensible  in 
the  healthy  condition,  although  they  are  painfully  so  when  inflamed. 

Some  liold  that  the  same  is  true  of  the  marrow,  or  rather  the  medullary  mem- 
brane • others,  among  whom  are  Duvemey  and  Bichat,  affirm,  on  the  contrary, 
that  the  medullary  tissue  is  sensible.  They  state  that,  on  sawing  through  the 
bone  of  a living  animal,  and  irritating  the  medullary  membrane  by  passing  a 
probe  up  the  cavity,  or  by  injecting  an  acrid  fluid,  very  unequivocal  signs  of  pam 
will  be  manifested.  Beclard,  who  affirms  the  same  fact,  points  out  a circum- 
stance which  may  account  for  the  result  occasionally  turning  out  differently,— 
namely,  that  when  the  bone  happens  to  be  sawn  through  above  the  entrance  ot 
the  medullary  artery,  the  nerves  going  along  with  that  vessel  are  divided,  and 
the  marrow  consequently  rendered  insensible,  as  happens  with  any  other  sensible 
part  when  its  nerves  are  cut. 


formation  and  growth  of  bone. 

The  foundation  of  the  skeleton  is  laid  at  a very  early  period;  for 
among  the  parts  that  appear  soonest  m the  embryo,  we  distinguish 
the  rudiments  of  the  vertebrae  and  base  of  the  skull,  which  afterwards 
form  the  great  median  column  to  which  the  other  parts  of  the  bony 
fabric  are  appended.  But  it  is  by  their  outward  form  and  situation 
only  that  the  parts  representing  the  future  bones  are  then  to  be  recog- 
nised • for  at  that  early  period  they  do  not  differ  materially  m subst 
from  the  other  structures  of  the  embryo,  being,  like  these,  made  up  of 
granular  corpuscles  or  elementary  cells,  united  together  by  a soft  amor- 
phous matter.  Very  soon,  however,  _ they  become  cartilaginous,  and 
ossification  in  due  time  beginning  in  the  cartilage  and  continuing 
to  spread  from  one  or  from  several  points,  the  bone  is  at  length 

completed^  with  respect  to  the  bones  generally  that  their 

tsiilg§i 

and  the  iniracarUagmmis.  tabular  bones  of  the  cranium,  as 

ess 

Osteogeny,  bond.  1736. 
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integuments,  the  dura  mater,  and  an  intermediate  membranous  layer, 
which  differs  from  cartilage  in  its  intimate  structure  as  well  as  in  its 
more  obvious  characters,  and  in  which  the  ossification  proceeds. 

The  commencing  ossification  of  the  parietal  bone,  which  may  be 
selected  as  an  example,  appears  to  the  naked  eye  in  form  of  a network 
in  which  the  little  bars  or  spicula  of  bone  run  in  various  directions, 
and  meet  each  other  at  short  distances.  By-and-by  the  ossified  part, 
becoming  extended,  gets  thicker  and  closer  in  texture,  especially  towards 
the  centre,  and  the  larger  bony  spicula  which  now  appear,  run  out  in 
radiating  lines  to  the  cir- 
cumference. The  ossifica- 
tion continues  thus  to 
spread  and  consolidate  un- 
til the  parietal  meets  the 
neighbouring  bones,  with 
which  it  is  at  length  united 
by  a suture. 

The  figure  (54)  repre- 
sents the  parietal  bone  of 
an  embryo  sheep  about  two 
inches  and  a half  long,  and 
shows  the  character  of  the 
ossification  as  it  appears 
when  the  object  is  mag- 
nified about  twelve  dia- 
meters. The  bone  is  formed 
in  membrane  as  in  the 
human  foetus,  but  a thin 
plate  of  cartilage  rises  up 
on  its  inside  from  the  base 
of  the  skull.  The  ossifica- 
tion, however,  is  decidedly 
unconnected  with  the  car- 
tilage, and  goes  on  in  a 
membrane  lying  outside  of 
it. 

When  further  examined 
with  a higher  magnifying 
power,  the  tissue  or  mem- 
brane in  which  the  ossifi- 
cation is  proceeding,  ap- 
pears to  be  made  up  of 
fibres  and  granular  cor- 
puscles, with  a soft  amor- 


Fig.  54. — Parietal  Bone  op  an  Embryo 
Sheep.  Size  of  the  Embryo,  2£  inches. 

The  small  upper  figure  represents  the  hone  of  the 
natural  size,  the  larger  figure  is  magnified  about  12 
diameters.  The  curved  line,  a,  b,  marks  the  height 
to  which  the  subjacent  cartilaginous  lamella  ex- 
tended. A few  insulated  particles  of  bone  are  seen 
near  the  circumference,  an  appearance  which  is  quite 
common  at  this  stage. 


p ious  01  faintly  granular  uniting  matter,  and,  in  point  of  structure,  might 
not  unaptly  be  compared  to  connective  tissue  in  a certain  stage  of  develop- 
men  . Ihe  corpuscles  are  large,  mostly  two  or  three  times  the  size  of 
ootl-corpuscles  ; their  substance  is  granular  in  character,  and,  espe- 
cmily  m specimens  preserved  in  spirit,  usually  hides  the  nucleus.  They 
aie  c ensely ^packed  all  over  the  area  of  ossification,  covering  the  bony 
spicula,  and  filling  up  their  interstices  ; so  that,  to  bring  the  growing 
pai^  s in  o view,  the  corpuscles  must  be  brushed  away  with  a hair  pecnil, 
oi  iemo\  ed  by  short  immersion  of  the  specimen  in  weak  solution  of  soda. 
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On  observing  more  closely  the  points  of  the  growing  osseous  rays  at 
the  circumference  of  the  bone,  where  they  shoot  out  into  the  soft  tissue, 
it  will  be  seen  that  the  portion  of  them  already  calcified  is  granular  and 
rather  dark  in  appearance  (fig.  55,  a,  b,  c),  but  that  this  charactei  is 
gradually  lost  as  they  are  traced  further  outwards  in  the  membi  ane,  in 
which  they  are  prolonged  for  a little  way  in  form  of  soft  and  pliant 
bundles  of  transparent  fibres  (fig.  55,/).  Further  inwards,  where  the 
slender  rods  or  bars  of  bone  are  already  in  great  part  haid,  their  calcified 

substance  is  coated  over 

Fig.  55. 


55, — The  Growing  End  op  a Spiculum  from 
the  Parietal  Bone  op  an  Embryo  Sheep  at 
about  the  same  period  of  advancement  as  in  Fig. 
54  ; magnified  150  diameters,  but  drawn  undei 
a power  of  350  diameters. 


a b c,  and  a',  parts  already  calcified  ; cl,  d,  irre- 
gular network  of  soft  and  pellucid  osteogenic  sub- 
stance on  which  the  calcification  is  encroaching, 
a L c a',  a connecting  bar  or  bridge  still  soft  at  c,  but 
calcified  at  «■  and  a' ; f,  extremity  formed  of  bundles 
of  soft  osteogenic  fibres.  The  structure  repre- 
sented was  covered  over  and  hidden  by  granular  cor- 
miscles,  or  osteoblasts,  which  have  been  removed. 
In  the  calcified  part,  a,  b,  c,  superficial  excavations 
are  seen  which  are  probably  commencing  or  incom- 
plete lacuna;,  from  which  the  corpuscles  have  been 
washed  out.  From  a drawing  by  Prof.  J.  Marshall, 

F.R.S. 


(although  unequally)  with 
transparent  and  as  yet  soft 
and  imperfectly  calcified 
matter,  by  which  they  grow 
in  thickness  ; and  this  os- 
sifying substance  spreads 
out  at  their  sides,  and  en- 
croaches on  the  interven- 
ing space,  in  form  of  a 
bright  trellis-work  (fig.  55, 
cl ),  thin  towards  its  outer 
limit,  and  there  composed 
of  fine  fasciculi,  but  denser 
and  closer  nearer  the  bone, 
where  the  trabeculae  are 
thick  and  round,  and 
already  granular  from  com- 
mencing earthy  impregna- 
tion. The  interstices  of 
this  mesh-work  are  in  some 
parts  occupied  by  one  or 
more  of  the  corpuscles,  but 
at  other  parts  they  are  re- 
duced to  short  narrow  clefts ' 
or  mere  pores.  The  ap- 
pearance here  described  is 
especially  well  seen  at  those 
places  where  a cross  bridge 
of  bone  is  being  formed 
between  two  long  spicula 
(as  at  e ) ; we  may  there 
distinguish  the  clear  soft 
fibres  or  trabeculae  which 
have  already  stretched 
across  the  interval,  and 
the  darkish  granular  opa- 
city indicating  the  earthy 


deposit  (a,  a')  may  be  per- 

ceived  advancing  into  them  and  shading  olTt?iy,“^5 
pellucid  substance  without  a piecise  lim  • ^ ^ be  ^tin. 

Sure'St0 theCsfpart  finely  reticular,  like  the  decalcified 
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bone  itself,  but  must  not  be  confounded  with  fibres  which  may  pre-exist 
in  the  membranous  tissue  in  which  the  bone  is  growing-. 

The  granular  corpuscles  or  cells  everywhere  cover,  in  a dense  layer, 
the  osteogenic  substance,  and  lie  in  its  meshes ; most  probably  they 
yield  or  excrete  that  substance  ; hence  the  name  “ osteoblasts”  has  been 
assigned  to  them. 

But  some  of  the  granular  cells  are  involved  in  the  ossifying  matrix, 
and  eventually  inclosed  in  lacunae.  Single  cells  may  accordingly  be 
seen  partially  sunk  in  the  recent  osteogenic  deposit,  which  then  gradu- 
ally grows  over  them  and  buries  them  in  its  substance  ; and  the  cavity 
in  which  the  corpuscle  is  thus  enclosed  becomes  a lacuna. 

With  regai-d  to  the  formation  of  the  canaliculi,  some  observers  state  that,  when 
such  a corpuscle  is  as  yet  but  half  sunk  hi  the  growing  substance,  processes  may 
be  seen  passing  from  the  imbedded  side  into  fine  clefts  of  the  matrix,  which 
close  in  around  them  and  become  the  canaliculi  ; and  that  as  the  inclosure  of  the 
corpuscle  is  completed,  canaliculi  are  in  like  manner  formed  in  the  rest  of  its 
circumference.  It  is  also  supposed  that  the  canaliculi  are  afterwards  extended  by 
absorption,  so  as  to  anastomose  with  those  of  neighbouring  lacunas. 

As  the  bone  extends  in  circumference,  it  also  increases  in  thickness  ; 
the  vacuities  between  the  bony  spicula  become  narrowed  or  disappear, 
and  at  a more  advanced  period  the  tabular  bones  of  the  cranium  arc 
tolerably  compact  towards  the  centre,  although  their  edges  are  still 
formed  of  slender  radiating  processes.  At  this  time  also  numerous 
furrows  are  grooved  on  the  surface  of  the  bone  in  a similar  radiating 
manner,  and  towards  the  centre  these  are  continued  into  complete  tubes 
or  canals  in  the  older  and  denser  part,  which  run  in  the  same  direction. 
The  canals,  as  well  as  the  grooves,  which  become  converted  into  canals, 
contain  blood-vessels  supported  by  processes  of  the  investing  membrane, 
and  are  lined  with  osteoblasts,  which  deposit  concentric  layers  of  bone 
inside  these  channels ; and,  when  thus  surrounded  with  concentric 
laminae,  these  tubular  cavities  are  in  fact  Haversian  canals. 

It  may  here  be  observed  that  in  earlier  stages,  such  as  that  shown  in  fig.  54, 
vessels  may  be  seen  in  the  soft  tissue,  some  twice  or  three  times  the  size  of  a 
blood-capillary,  others  considerably  more,  but  all  with  only  a homogeneous  coat 
■with,  cells  upon  it  here  and  there,  and  without  a muscular  layer. 


Ossification  in  cartilage. — It  has  already  been  stated  that,  in  by 
iai  the  greater  number  of  bones,  the  primitive  soft  cellular  matter  of 
which  they  originally  consist  is  very  quickly  succeeded  by  cartilage,  in 
which  the  ossification  begins.  One  of  the  long  bones  taken  from  a very 
small  embryo,  just  before  ossification  has  commenced  in  it,  is  observed 
to  be  distinctly  cartilaginous.  In  the  tibia  of  a sheep,  for  example,  at 
a time  when  the  whole  embryo  is  not  more  than  an  inch  and  a quarter 
j^niio i ’ jj6  ?an  PlainJy  see  that  the  substance  consists  of  cartilage- 
bo  snidVn  i ^ Vi"  ‘1  Pe!lucid  mafcl’ix.  These  cells,  which  can  scarcely 
Tho  C0,llected  m}°  ?rouPs’  are  much  larger  in  the  middle  part 
thpv  iro  innoif  lcjc  ossification  afterwards  commences,  and  there  also 
theVrmo  • in  ^ a a<?fd  Wlfcd  their  l°ng  diameter  across  the  direction  of 

andSartfilo tv  ^ ^ ^ are  much  smaller  a*d  closei’  together, 
acquires  firmer  o iei-°,ls  css  transparent.  As  it  enlarges,  the  cartilage 
ihoimh  of?l!  EnCe  5 ,i fc  rcPresents  in  figure  the  future  bone, 
vaL  u.  much  8maller  iu  size,  and  it  is  surrounded  with  a 
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Fig.  56. 


fibrous  membrane  or  perichondrium,  the  future  periosteum.  Vessels 
ramify  in  this  membrane,  but  none  are  seen  in  the  cartilage  until  ossi- 
fication is  about  to  begin. 

In  a long  bone  the  ossification  commences  in  the  middle  and  proceeds 
toward  the  ends,  which  remain  long  cartilaginous,  as  represented  in 
fig.  56.  At  length  separate  points  of  ossification  appear  in  them,  and 
form  epiphyses,  which  at  last  are  joined  to  the  body  of  the  bone. 

The  newly  formed  osseous  tissue  is  red  and  ob- 
viously vascular,  and  blood-vessels  extend  a little 
way  beyond  it  into  the  adjoining  part  of  the  carti- 
lage. In  a long  bone  these  precursory  vessels  are 
seen  at  either  end  of  the  ossified  portion  of  the 
shaft,  forming  a red  zone  in  that  part  of  the  carti- 
lage into  which  the  ossification  is  advancing.  The 
vessels  are  lodged  in  excavations  or  branching  canals 
in  the  cartilage,  (fig.  56,  a)  which  also  contains 
granular  corpuscles  (osteoblasts).  Other  vascular 
canals  enter  the  cartilage  from  its  outer  surface, 
and  conduct  vessels  into  it  directly  from  the  peri- 
chondrium ; at  least,  this  may  be  seen  when  the 
ossification  approaches  near  to  the  ends  of  the 
bones. 

Baly  observed  that  in  a transverse  section  of  the 
ossifying  cartilage,  its  cells  appear  arranged  in  radiating 
lines  round  the  sections  of  the  vascular  canals ; * and  it  may 
also  be  here  remarked  that  in  many  of  these  radiating 
groups  the  cells  successively  diminish  in  size  towards  the 
centre,  that  is,  as  they  approach  the  canal.  The  canals 
which  enter  from  the  surface  of  the  cartilage  are  probably 
formed  by  processes  from  the  vascular  subperichondrial 
tissue,  which,  excavating  the  canals  by  absorption,  thus 
extend  themselves  through  the  mass  of  cartilage ; and  as 
the  perichondrium  affords  material  for  the  growth  of  the 
cartilage  at  the  surface,  so  these  vascular  processes  probably 
yield  matter  for  the  multiplication  of  the  cells  in  the 
interior  of  the  mass.  The  canals  which  pass  into  the  carti- 
lage from  the  ossified  part  are,  in  like  manner,  most  pro- 
bably formed  by  processes  of  the  subperiosteal  tissue  which 
pierce  the  bone  and  extend  through  the  medullary  cavities 
within  it  to  the  cartilage,  into  which  they  penetrate  for 
a short  way  beyond  the  advancing  limit  of  ossification. 

To  examine  the  process  more  minutely,  let  an  ossifying  bone  be 
divided  lengthwise,  as  in  fig.  56,  and  then  from  the  surface  of  the  sec- 
tion (as  at  a,  b)  take  off  a thin  slice  of  cartilage,  including  a very  little 
of  the  ossified  part,  and  examine  it  with  the  microscope.  Such  a view, 
seen  with  a low  power,  is  shown  in  fig.  57.  The  cartilage  at  a distance 
from  the  surface  of  the  ossified  part  lias  its  cells  uniformly  disseminated 
in  the  matrix,  (as  at  a,  where  it  appears  in  the  figure  as  it  granular, ) 
but  at  and  near  to  the  limit  where  the  ossification  is  encroaching  upon 
it  the  cells  are  gathered  into  rows  or  oblong  groups,  between  which  the 
transparent  matrix  appears  in  form  of  clear  longitudmal 
obscurely  striated)  obliquely  intersecting  each  other  ( b ).  Turning  no\ 

* Muller’s  Physiology,  plate  I.,  fig-  16. 


Fig.  56. — Humerus 
of  a Fcetus,  Na- 
tural size. 

The  upper  half  is 
divided  longitudin- 
ally. a,  cartilage,  b, 
bone,  which  termin- 
ates towards  the  car- 
tilage by  a slightly 
convex  surface. 
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to  the  newly-formed  bone  (c),  which  from  its  dark  opaque  aspect  con- 
trasts strongly  with  the  cartilage,  and  tracing  it  towards  their  mutual 
boundary,  we  see  plainly  the  dark  lines  of  ossification  shooting  up  into 
the  clear  spaces  of  the  cartilage  between  the  groups  of  corpuscles.  The 
earthy  deposit,  in  fact,  proceeds  through  the  matrix,  and  affects  also 
those  parts  of  the  cartilage-capsules  which  form  the  circumference  of  a 
group,  so  that  the  new  osseous  substance  forms  in  the  first  instance 


Fig.  57. 


Fig.  57.— Thin  Longitudinal  Section  op  Ossifying  Cartilage  from  the  Humerus 

of  a Fcetal  Sheep. 

a,  cartilage-cells  uniformly  diffused  ; b,  cells  nearer  tlie  boundary  of  the  ossification 
co  eeted  into  piles  and  inclosed  in  oblong  areoke  of  the  clear  matrix  c 

ZS 7 oSSSS?8  mt°  the  matriX  and  f“g  the  ™ b0^  -eok  M^ified 


Fig-  58.  Transverse  Section  of  the  Ossifting  Cartilage  represented  in 

Fig.  57. 

and  including  part  of  the  new 

osseous  areolse  arc  seen  ^dtb^dfnV  I T8  °f  th&,  gl’°UpS  of  cells  and  of  thc 

cen  , and  the  dark  bone  extending  into  the  clear  intercellular  matrix. 

further  illustmtpd  ]oculi>  which  encl°se  the  groups  of  cells.  This  is 

to  the  ossifvino-  Rm  t transverse  section,  carried  nearly  parallel 

flf  tL  ofc  eLno  fe’  and  Pal'fly  on  it,  so  as  to  take  off 

a little  of  the  bone  along  with  the  cartilage,  as  represented  in  fig.  58. 
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Fig.  59. 


In  this  view  we  see,  fit  one  part,  the  dark  and  nearly  circular  sections 
of  the  newly-formed  osseous  areolae  ; at  another,  sections  ol  the  rows  ot 
cartilage-cells  with  the  clear  matrix  between  and  around  them,  and  into 
this  the  dark  ossification  is  advancing.  It  may  frequently  be  observed, 
that  here  also,  as  in  intramembranous  ossification,  the  deposition  ot 
calcareous  matter  is  preceded  by  the  formation  of  an  obscurely  fibrous 
structure,  extending  between  the  rows  of  cells. 

On  using  a higher  power,  as  in  fig.  59,  it  will 
be  seen  that  the  cells  forming  the  groups  are 
placed  with  their  long  diameter  transversely, 
as  if  they  had  been  flattened  and  piled  upon 
one  another  ; but  in  the  immediate  vicinity  of 
the  bone  they  become  greatly  enlarged  and 
more  rounded.  As  to  the  substance  composing 
them,  in  some  it  is  pellucid,  strongly  refract- 
ing the  light,  and  nearly  filling  the  capsule ; 
in  others  faintly  granular  and  light  like  ground 
glass,  and  has  a well-defined  outline,  and.  in 
these  there  is  a very  distinct  nucleus,  varying 
much  in  size  in  different  cells,  but  always 
most  regularly  circular,  and  inclosing  one  or 
more  nucleoli  ; lastly,  a good  many  cells  may 
be  seen,  especially  in  the  neighbourhood  of 
the  advancing  blood-vessels,  in  which  the 
contained  mass  or  cell-body  does  not  nearly 
fill  the  capsule,  and  then  it  is  usually  coarsely 
granular,  with  an  uneven  and,  in  some,  a 
jagged  outline. 

It  thus  appears  that  the  bony  tissue,  as 
it  advances  into  the  cartilage,  has  at 
first  a sort  of  alveolar  structure,  made 
up  of  fusiform  areolai  or  short  tubular 
cavities,  with  thin  parietes,  which  are 
formed  by  calcification  of  the  matrix 
and  partial  calcification  of  the.  capsules 
of  the  cartilage-cells.  But  this  condi- 
tion, which  differs  from  that  of  perfect 
bone,  is  only  transitory,  and  at  a short 
distance  below  the  ossifying  surface  we 
see  a change  taking  place  in  the  newly- 
formed  tissue  ; the  structure,  becomes 
more  open,  the  original  cartilage-ce  Is 
disappear  from  its  interstices  and  Uie 
medullary  spaces,  with  their  lamel  atcd 
parietes,  as  in  the  permanent  cancellated 
tissue,  begin  to  be  formed.  This,  which 


Fig.  59.— Small  Portion  of  a 
Section  similar  to  that  in 
Fig.  57,  more  highly  magni- 
fied (about  140  diameters). 

a,  6,  two  of  the  new-formed 
osseous  tubes  or  areolae,  with  a 
few  cartilage-cells  and  granular 
corpuscles  lying  in  them;  c,  c, 
cartilage-cells  near  the  ossifying 
surface,  exhibiting  the  appearance 
described  in  the  text. 


is  the  next  step  of  the  process,  takes 

place  in  the  following  manner.  The  primary  areolai  of  the ' ^ j*°J® 
described  open  into  one  another  both  laterally  and  o & ;rivc 

absorption  of  their  intermediate  walls,  ”!? spaces  of  H. 
vise  to  the  larger  or  secondary  cavitm,  % "hoi/in  a longi- 
TVTiiller  which  succeed  them  lower  down.  * _ p i * 

“ section  in  fig.  GO,  and  in  transve^e  see  .on  n fig^l  A 
which  represents  a thin  section  made  almost  immediately 
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surface  of  ossification,  and  in  which  the  primary  cavities  are  seen  to 
have  coalesced  into  larger  ones.  A transverse  section  somewhat  lower 


down,  (fig.  61,  b,)  shows  that  they  go 
on  enlarging  by  further  absorption 
and  coalescence,  and  that  their  sides 
are  thickened  by  layers  of  new  bone  ; 
this  soon  begins  to  be  deposited  (fig. 

60,  b,  by  in  longitudinal  and  61,  a,  in 
cross  section),  and  goes  on  increasing, 

(fig.  61,  b).  In  the  meantime  the 
cartilage-cells  have  disappeared,  and 
the  bony  cavities  are  filled  with  soft 
matter,  in  which  there  are  a few  fibres 
and  numerous  granular  corpuscles  re- 
sembling the  osteoblasts  seen  in  the 
intramembranous  ossification  ; there 
are  also  many  blood-vessels.  In  the 
end,  some  of  the  enlarged  cavities  and 
open  structure  remain  to  form  the  cancellated  tissue,  but  much  o 
this  structure  is  afterwards  removed  by  absorption,  to  give  place  to  tin 
ne dull  ary  canal  of  the  shaft.  In  many  of  these  cavities  the  walls  of  tin 

T « distinguished,  like  liltTe 

IT  of fe“ outline’ within  wiich  the 


Fig.  60. — Thin  Longitudinal  Section  of 
the  Growing  End  of  the  Shaft  of  the 
Metatarsal  Bone  of  a Slink  Calf,  mag- 
nified. 

Tlie  upper  part  of  the  figure  shows  four  groups 
of  cartil age-cells,  with  calcified  matrix  between 
them  forming  the  walls  of  four  primary  areolae 
filled  as  yet  by  the  original  cartilage -cells, 
except  at  the  lower  part,  where  these  are  re- 
placed by  osteoblasts.  Lower  down  are  two 
oblong  spaces  (secondary  or  medullary  cavities) ; 
one,  indicated  by  cl,  is  nearly  filled  by  osteo- 
blasts and  vessels,  the  other  is  vacant.  The 
walls  of  these  spaces  are  beginning  to  be  lined 
with  secondary  osseous  deposit,  shown  in  the 
figure  as  a lighter  layer,  b,  b,  and  b ; c,  c,  and 
c,  are  corpuscles  about  to  be  imbedded  in  the 
ossifying  substance  and  inclosed  in  laminae  ; g, 
a cartilage-cell  of  which  the  body  has  shrank 
from  the  inside  of  the  capsule  (after  H.  Muller 
and  Kolliker). 


Fig.  60. 


pr^^ce^by^lcifim^o^^6^^0111^?  the  ori^nal  tMn  waUs  of  the  areolae,  and 
has  a dark  appeaSnt  tfe  T is  decide^  granular,  and 

quite  transparent  and  of  a S °Z  *6C(md<mJ  de^'lt  on  th^  other  hand  is 
deposit  begins  to  cover  tb,  “V*0™’  homo§Tneous  aSpect.  This  secondary 
inch)  below  the  surface  of  b°ne  f VeiJ  Sh°rt  distance  (about  ith  of  an 

ness  further  down.  The  laenrJ^fi  !<f1’  am  ’ a?  already  stated,  increases  in  thick- 
the  primary  granular  bone  The  tlds  dePosit ; there  are  none  in 

to  H.  Muller  the  capsules  are  5?  oartdage-ceBs  do  not  become  calcified.  According 

tained  within  them  (i  r tl  ' Pcned  by  absorption,  and  the  granular  bodies  con- 
ca  witmn  them  (i.c.  the  proper  cell-bodies)  produce  by  fissiparous  multiplication 
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the  granular  osteoblastic  cells  which  succeed  them.  On  the  other  hand,  Loven* 
has  suggested,  and,  as  it  would  seem,  with  more  probability,  that  the  osteoblastic 
corpuscles  properly  belong  to  the  vascular  processes  of  the  subperiosteal  tissue, 

Fig.  61,  A. 


Fig.  61,  B. 


Ficr.  61.  — A AND  B REPRESENT  TWO  TRANSVERSE  SECTIONS  01 ' B°NE’ 

IN  FlO.  58,  BUT  MUCH  MORE  MAGNIFIED  (ABOUT  120  DIAMETERS). 

They  show  the  lateral  coalescence  of  the  mackSost  be- 
sides of  the  enlarged  cavities  by  new  osseous  deposit.  T ^ shows  the  cavities 

mediately  below  the  surface  of  ossification  , , 1S  j ^ The  new  osseous  lining  is 

still  more  enlarged  and  their  sides  more  thicke^d  wlthm  the  areolm  is  owing 

transparent,  and  appears  light  in  the  figuies  , the  dark  « It  must  be  further 

to  opaque  debris,  which  collected  there  111  anEwhereTbony  partition 

noticed  that  the  letter  a within  the  larger 

had  been  accidentally  broken  away,  for  the  large  space  wa  j 


which,  as  already  stated,  penetrate  the  newly  formed ^bone  and 

I cavernulated  .tructure  The  SSttoAed  by 

as  the  partial  absorption  of  the  walls  of  the  bony  cav  . m0st 

this  tissue,  and  the  abundant  osteoblastic  cells  which  appeal  in 

* Studier  och  Undersokningar  dfver  Benvafnaden.  Stockholm.  1S63. 
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probably  derived  by  descent  from  similar  cells  equally  abundant  beneath  the 
periosteum.  The  cells  or  corpuscles  in  question,  in  whatever  way  produced,  are 
disposed  in  a layer  or  layers  upon  the  walls  of  the  secondary  or  medullary  spaces 
in  immediate  contact  with  the  new  osteogenic  deposit,  which  here,  as  in  the 
intramembranous  ossification,  they  probably  produce  (figs.  60,  62).  Here  too  the 
osteogenic  substance  is  finely  reticular,  and  retains  that  character  when  calcified  • 
for  the  secondary  bony  deposit  is  formed  in  layers  made  up  of  finely  reticulating 
fibres,  like  the  lamellse  of  perfect  bone  shown  in  fig.  47.  On  a careful  inspection, 
and  with  a certain  adjustment  of  the  light,  fine  strife  may  be  seen  in  many  parts 
indicating  the  obliquely  decussating  fibres  of  the  newly  formed  lamince.  The 
structure  in  some  measure  reminds  us  of  the  secondary  deposit  inside  the  oblong 
cells  of  the  wood  of  coniferous  trees,  in  which  the  ligneous  matter  is  arranged  in 
fibres,  or  rather  in  fine  lines,  running  obliquely  round  the  wall  of  the  cell  and 
crossing  one  another  in  alternate  layers. 

The  lacunas  are  formed,  as  described  in  the  intramembranous  ossification,  by 
some  of  the  granular  corpuscles  becoming  embedded  in  the  osteogenic  substance, 
and  inclosed  in  a cavity  formed  round  them  by  its  further  deposit  (fig.  62,(7).  Lacunas 
formed  from  cartilage-cells  exist  but  very  scantily.  Examples  occur  in  articular 
cartilage,  and  in  that  of  the  pubic  symphysis,  when,  as  commonly  happens  in 
mature  life,  the  part  of  these  tissues  adjoining  the  bone  is  encroached  on  by  a 
species  of  ossification,  as  noticed  at  page  97.  The  ossifying  process  in  this  case 
is  mere  calcification  of  the  cartilage,  and  stellate  lacunae,  not  intercommunicating 
by  canaliculi,  remain  in  the  partially  ossified  cells.  When  this  hard  tissue 
is  decalcified  by  an  acid,  the  original  cells  and  cartilaginous  matrix  become 
apparent. 


As  ossification  advances  towards  the  ends  of  the  bone,  the  portion  as 
yet  cartilaginous  continues  to  grow  at  the  same  time,  and  increases  in 
every  dimension.  The  part  already  osseous  increases  also  in  circum- 
feience ; the  medullary  canal,  of  which  for  some  time  there  is  no 
appearance,  begins  to  be  excavated  in  the  interior  by  absorption,  and 
the  sides  of  the  shaft  acquire  compactness  and  solidity.  The  increase 
m girth  is  brought  about  by  deposition  of  bone  at  the  surface  under- 
neath  the  periosteum  It  was  at  one  time  supposed  that  a formation 
of  cartilage  precedes  the  bone  also  in  this  situation ; but  such  is  not 
the  case,  for  the  vascular  soft  tissue  in  immediate  contact  with  the 
surface  of  the  growing  bone  is  not  cartilage,  but  a soft  substance  con- 
aming  fibies  and  osteoblasts ; in  fact,  the  increase  takes  place  by  intra- 
membranous ossification,  and  accordingly  the  Haversian  canals  of  the 
shaft  are  formed  in  the  same  way  as  those  of  the  tabular  bones  of  the 
^ I ’ v 1S’  oss.eous  matter  is  not  only  laid  on  in  strata  parallel 

vascular UmfpmE°f  the  b+°ne’  dePosite(1  around  processes1  of  the 

• Tr  me^lanous  tissue  which  extend  from  the  surface  obliauelv 

these  Sl!bstance  of  th?.  sllaffc  (fig-  62)  ; and  the  canals  in  which 
hese  vascular  processes  lie,  becoming  narrowed  by  the  deposition  of 

la“T’  as  the&Zn  ctl 

length  bppsns  in  t S 4 !llS  Proceed,ed,  for  80me  time  ™ the  shaft,  at 
pendent 2 ' 1 “'f  “tremi ties  of  the  bone  from  one  or  more  inde- 
lfli,l„r’  ,J  “tends  through  the  cartilage,  leaving  however 

“rtknto Tnd’of t T °f  it”n08siiied>  which  permanently  IsoUrs  the 
separated  from  t ^ thus  &n“d  continue  long 

cart  la“  wh?h  t V ffto-.d'ophysjs  by  an  intervening  portion  of 
Grj^l , A ft last  »ssificd.  and  the  bone  is  then  consolidated. 

«f  toeninh^s  °f  Bo“e— ' time  of  final  junction 

not  arrive  uutlM he  , 1 lerent  in  different  bones;  in  many  it  does 
ntil  the  body  has  reached  its  full  stature.  Meanwhile 
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Fig.  62. 


Fig  62.  — Highly  magnified  Transverse  Section  of  Superficial  Part  of  Femur- 

Human  Foetus  (Klein). 

a h c periosteum  ; c,  internal  layer,  with  numerous  osteoblasts,  passing  in  to  form 
d new  bony  growth,  which  is  covered  with  osteoblasts,  some  of  which  are  imbedded 
forming  bone  corpuscles.  Numerous  blood-vessels  are  seen  cut  across,  in  the  periosteal 
ingrowth,  some  filled  with  blood-corpuscles,  others  empty. 


the  bone  increases  in  length  by  tlm  ossification  orataing  to  extend 
into  the  intervening  cartilage,  which  goes  on  growing  at  the  sam 
time ; and  it  appears  that  in  the  part  of  the  shaft  already  oss 
little  or  no  elongation  takes  place  by  interstitial  giowth.  In 
s shown  by  an  experiment  first  made  by  Hales  and  afterwards  bv 
Duhamel  and  by  John  Hunter,  in  which,  two  or  more 
in  the  growing  bone  of  a young  animal  at  a cci-tam  mcasu  e^  dutan 

from  each  other,  they  are  found  after  a time 

niflimioh  the  bone  has  in  the  mean  while  considerably  increaseu  u 
lono-th?*  In  like  manner  the  shaft  also  increases  in  circumference  by 

deposition  of  new  bone  on  its  external  * Aringof 

its  medullary  canal  is  enlarged  by  absorption  from  within,  a a 

* Hales,  Yeget.  Statics.,  4th  edit.  p.  340  ; Duhamel,  Mem.  dc 
scq.  Hunter  (reported  by  Home)  in  Tians.  o . < - Duhamel  was  led 

ledge,  vel.il.;  also  Cl.tal.gwe  of.  i^tli,  took  plseo  »e»r  the 

from  some  of  his  experiments  to | infer  . ^ drciunstm.es  of  the  experiments  m 

bES  on  the  glowing  • oh.cken. 
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silver  or  platinum  put  round  the  wing  bone  of  a growing  pigeon, 
becomes  covered  with  new  bone  from  without,  and  the  original  bone 
included  within  it  gets  thinner,  or,  according  to  Duhamel,  who  first 
made  the  experiment,  is  entirely  removed,  so  that  the  ring  comes  to  lie 
within  the  enlarged  medullary  canal. 


Madder  given  to  an  animal  along  with  its  food  tinges  those  parts  in  which 
deposition  of  new  bone  is  taking  place.  The  earth  of  bone  appears  to  act  as  a 
sort  of  mordant,  uniting  with  and  fixing  the  colouring  matter  ; and,  as  in  this 
way  the  new  osseous  growth  can  be  readily  distinguished  from  the  old,  advantage 
was  taken  of  the  fact  by  Duhamel,  and  afterwards  by  Hunter,  in  their  inquiries 
as  to  the  manner  in  which  bones  increase  in  size.  By  their  experiments  it  was 
shown  that  when  madder  is  given  to  a young  pig  for  some  weeks,  the  external 
part  of  its  bones  is  deeply  reddened,  proving  that  the  new  osseous  matter  is 
laid  on  at  the  surface  of  that  previously  formed.  Again,  it  was  found  that, 
when  the  madder  was  discontinued  for  some  time  before  the  animal  was 
killed,  an  exterior  white  stratum  (the  last  formed)  appeared  above  the  red  one, 
whilst  the  internal  white  part,  which  was  situated  within  the  red,  and  had 
been  formed  before  any  madder  was  given,  had  become  much  thinner  ; showing 
that  absorption  takes  place  from  within.  In  this  last  modification  of  the  experi- 
ment also,  as  noted  by  Hunter,  a transverse  red  mark  is  observed  near  the  ends 
of  the  bone,  beyond  which  they  are  white  ; the  red  part  indicating  the  growth 
in  leng-th  during  the  use  of  the  madder,  and  the  white  beyond,  that  which  has 
taken  place  subsequently, — thus  showing  that  the  increase  in  length  is  caused 
by  the  addition  of  new  matter  to  the  extremities.  But  other  changes  take 
place  in  the  bone.  The  spaces  in  the  cancellated  structure,  as  well  as  the 
medullary  canal,  become  enlarged  by  absorption ; whilst  in  other  parts  the  tissue  be- 
comes more  compact  by  farther  deposit  on  the  inner  surface  of  the  vascular  cavities. 
The  sides  of  the  shaft  in  particular  acquire  greater  solidity  by  the  narrowing  of 
the  Haversian  canals,  within  which  the  osteoblasts  continue  to  deposit  fresh 
layers  of  bone  ; and  madder  administered  while  this  process  is  going  on.  colours 
the  interior  and  recently-formed  laminae,  so  that  in  a cross  section  the  Haver- 
sian apertures  appear  surrounded  with  a red  ring. 

Flourens,*  and  more  recently,  Kblliker,  have  repeated  and  varied  these  experi- 
ments. and  have  represented  the  results  in  beautiful  delineations.  Kolliker  has, 
in  addition,  carefully  investigated  the  microscopic  appearances  observed  in  the 
process  of  absorption  of  bone.  From  the  results  of  his  researches  (which  were  in 
part  anticipated  by  those  of  Loven),-j'  it  would  seem  that  the  process  is  essentially 
dependent  on  the  presence  of  large  multi-nucleated  cells,  by  him  termed  “ osto- 
clasts  ’ (the  myeloplaques  of  Robin),  which  excavate,  in  the  part  which  is 
undergoing  absorption,  small  shallow  pits  (fovcolcr ) in  which  also  they  lie. 
These  pits  were  first  noticed  by  Howship : they  seem  to  occur  wherever 

absorption  is  proceeding,  and  it  is  to  them  that  the  festooned  appearance  of 
the  Haversian  spaces  is  due.  The  ostoclasts  (fig.  Gil)  vary  in  size,  but  are  always 
many  times  larger  than  a blood-corpuscle  : in  shape  they  are  almost  always  flat- 
te^e+i,Wltl1  either  an.  even  or  an  irregular  outline.  Them  substance  is  granular, 
and  they  each  contain  from  two  to  ten  clear  round  nuclei,  but  this  number 
may  be  considerably  exceeded.  The  ostoclasts  frequently  present  on  the  side 
hy  which  they  are  in  contact  with  the  bone  a thickened  striated  border 
i ’ a''  somewhat  similar  to  the  well-known  thickened  base  of  the  columnar 
f °ells  intestine.  With  respect  to  the  origin  and  destiny  of  the 

j-  °y  aie  regarded  by  Kolliker  both  as  in  the  first  instance  derived 

irom  ana  as  eventually  breaking  up  into  osteoblasts.  Wegner, J on  the  other  hand, 


h Inf  f o u n ( l'1  tlr it ^ in  U'!'1  lt‘on  of  aew  ljone  was  much  greater  at  the  upper  end.  Humphry 

at  the  uwer  end  nf  th  /if  ^011Satio11  is  greater  at  the  lower,  and  in  the  humerus 

at  the  upper  end  of  the  shaft  (Med.  Cliir.  Trans.,  vol.  xliv.). 

t Lochcithei863  6 D6vel°Ppement  des  0s  et  des  Routs.  Paris,  1842. 

J Virch.  Archiv.  Ivi.  1873. 
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describes  them  as  springing1  originally  from  the  cells  which  compose  the  walls  of 
the  blood-vessels.  Ostoclasts  are  found  in  connection  with  the  roots  of  the  milk 
teeth  where  these  are  undergoing  absorption  to  make  way  for  the  permanent  set : 

and  cells  precisely  similar  occur 
in  various  situations  quite  apart 
from  any  hard  tissue,  and  in 
such  situations  have  long  been 
known  as  “ giant-cells  ” (Riesen- 
zellen,  Virchow).  Whether  in 
these  cases  also  they  are  con- 
cerned in  any  way  with  absorp- 
tion is  unknown. 

The  changes  of  shape  which 
the  bones  undergo  in  the  pro- 
cess of  growth,  as  well  as  any 
changes  which  may  occur  in 
them  in  adult  life,  are  all  pro- 
duced in  the  same  manner  as 
the  increase  of  size — that  is  to 
say,  not  by  interstitial  growth 
and  expansion  of  the  sub- 
stance of  the  bone  in  one  direction  more  than  in  another,  but  by  a deposition 
of  new  bone  by  osteoblasts  at  some  parts  and  a simultaneous  absorption  by 
ostoclasts  at ’others  ; whilst  in  other  places  again  neither  absorption  nor  deposi- 
tion is  occurring—  just  as  a modeller  corrects  his  work  by  plastering  the  clay 
on  at  one  part  whilst  scraping  it  away  at  another  part* 

From  the  foregoing  account  of  the  development  of  bone,  it  is  evident  that  a 
great  portion  of  a long  bone  is  formed  independently  of  cartilage.  It  appears  there- 
fore reasonable  to  consider  the  pre-existence  of  that  tissue  as  not  being  a necessary 
condition  of  the  ossific  process,  and  to  regard  the  precursory  cartilage  of  the 
foetal  skeleton  in  the  light  of  a temporary  substitute  for  bone,  and  also  as  afford- 
ing, as  it  were,  a mould  of  definite  figure  and  of  soft  but  yet  sufficiently  consistent 
material  in  which  the  osseous  tissue  may  be  at  first  deposited  and  assume  a suit- 
able form.  In  fact  the  cartilage-cells  are  not  ossified,  and,  as  to  the  slender  walls 
of  the  primary  areolse  formed  by  calcification  of  the  intercellular  cartilaginous 
matrix,  most  of  them  are,  in  a long  bone,  swept  away  by  absorption,  in  the 
excavation  of  the  medullary  canal ; so  that  they  can  only  remain — coated,  how- 
ever, and  obscured  by  secondary  laminated  deposit — in  the  cancellar  structure  of 
bones  which  begin  to  ossify  in  cartilage,  f 

The  time  of  commencement  of  ossification  in  the  different  bones,  as  well  as 
the  number  and  mode  of  conjunction  of  their  centres  of  ossification,  are  subjects 
that  belong  to  special  anatomy.  It  may,  however,  be  here  remarked  in  general, 
that  the  commencement  of  ossification  does  not  in  all  cases  follow  the  order  in 
which  the  bones  appear  in  their  soft  or  cartilaginous  state.  The  vertebrae,  for 
instance,  appear  as  cartilages  before  there  is  any  trace  of  the  clavicle,  yet 
ossification  begins  in  the  latter  sooner  than  in  any  other  bone  of  the  skeleton. 
The  time  when  it  commences  in  the  clavicle,  and  consequently  the  date  of  the 
first  ossification  in  the  skeleton,  is  referred  by  some  to  the  seventh  week  o 


Fig.  63. 


Fig.  63. — Three  Ostoclasts  j?rom  Absorption 
SoRFACES  OF  GROWING  BONE.  400  DIAMETERS 
(Kolliker). 

a,  with  thickened  striated  border. 


* For  special  details  of  this  modelling  process  as  it  is  met  with  in  the  different  bones 
of  the  skeleton,  the  reader  is  referred  to  KoUiker’s  memoir  : Die  normale  Resorption  des 

Knochengewebes.  Leipzig,  1873.  . „ , .w, 

+ Nesbitt,  in  1736,  maintained  that  the  cartilage  is  entirely  destroyed  , he  the 
fore  considered  it  to  be  a mere  temporary  substitute ; but  the  steps  of  the  process  o 
intracartilaginous  ossification  as  now  traced  with  the  aid  of  the  microscope  were  un  mow 
to  him.  The  view  stated  in  the  text,  together  with  most  of  the  facts  adduced  in  supi 
of  it  was  announced  by  Sharpey  in  the  fifth  edition  of  this  work  in  1846,  but  notwith- 
standing the  comprehensive  researches  of  Bruch,  by  which  he  was  led  to  the  same  opim 
(Dents,  d.  Schweitz.  naturf.  Gesells.  1852),  it  met  with  little  notice  and  P^blyk^ 
assent  until  the  subject  was  treated  of  in  a special  memoir  by  the  late  H.  IV  ( 
fTr  wissensch.  Zool.  vol.  ix.,  1858),  to  whom  the  doctrine  in  its  modern  shape  is 

now  commonly  ascribed. 
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intra-uterine  life  ; others  assign  a considerably  earlier  period  ; but  owing  to  the 
uncertainty  that  prevails  as  to  the  age  of  early  embryos,  the  dates  of  commencing 
ossification  in  the  earliest  bones  cannot  be  given  with  precision. 

In  regard  to  the  number  and  arrangement  of  the  osseous  centres,  the  following 
general  facts  may  be  stated  : — 1.  In  the  long  bones  there  is  one  centre  of  ossifi- 
cation in  the  middle,  and  the  ends  are  for  the  most  part  ossified  from  separate 
centres  ; whilst  a layer  of  cartilage  remains  interposed  until  the  bone  has  nearly 
attained  its  full  length.  By  this  means  the  bone  is  indurated  in  the  parts  where 
strength  is  most  required,  whilst  its  longitudinal  growth  is  facilitated.  2.  The 
larger  foramina  and  cavities  of  the  skeleton  are  for  the  most  part  formed  by  the 
junction  of  two,  but  more  generally  of  three  or  more  ossific  centres  around  the 
aperture  or  included  space.  The  vertebral  rings,  the  acetabulum,  the  occipital 
foramen,  and  the  cranium  itself,  are  illustrations  of  this.  It  is  easy  to  conceive 
that  in  this  way  the  ready  and  equable  enlargement  of  such  cavities  and  apertures 
is  provided  for.  3.  Bones  of  a complex  figure,  like  the  vertebras,  have  usually 
many  centres  of  ossification  ; but  the  converse  is  not  always  true.  4.  We  can 
frequently  connect  the  number  of  ossific  centres  with  the  principle  of  uniformity 
of  type  on  which  the  skeleton  of  vertebrated  animals  is  constructed.  Thus  the 
typical  form  of  the  sternum  seems  to  be  that  of  a series  of  distinct  bones,  one 
placed  between  each  pair  of  ribs  in  front,  as  the  vertebra  are  behind,  and  this 
is  its  permanent  condition  in  many  quadrupeds.  In  man  it  conforms  to  the 
general  type  in  its  mode  of  formation,  in  so  far  as  it  is  ossified  from  several 
centres,  and  for  some  time  consists  of  several  pieces  ; but,  to  suit  the  fabric  of 
the  human  thorax,  these  at  last  coalesce  one  with  another,  and  are  reduced  in 
number  to  three. 

Regeneration  of  Bone. — In  the  reunion  of  fractured  bones,  osseous  matter 
is  formed  between  and  around  the  broken  ends,  connecting  them  firmly  together  ; 
and  when  a portion  of  bone  dies,  as  happens  in  necrosis,  a growth  of  new  bone 
very  generally  takes  place  to  a greater  or  less  extent,  and  the  dead  part  is 
thrown  off.  The  several  steps  of  the  process  of  restoration  in  these  instances 
are  so  fully  described  in  works  on  Surgical  Pathology,  that  it  is  unnecessary  to 
add  to  the  length  of  this  chapter  by  introducing  an  account  of  them  here. 
Nevertheless  it  may  be  well  to  refer  briefly  to  the  importance  of  the  periosteum 
in  the  process  of  repair,  a point  that  was  urged  by  Duhamel  and  Troja.  and 
more  recently  by  Syme  and  Ollier*  It  is  well  known  that  if  a portion  of 
periosteum  be  stripped  off,  the  subjacent  bone  will  be  liable  to  die  and  ex- 
foliate ; conversely,  if  a large  part  or  the  whole  of  a bone  be  removed  and  the 
periosteum  at  the  same  time  be  left  intact,  the  bone  will,  in  a great  measure,  be 
regenerated.  These  and  many  other  facts  connected  with  the  subject  of  osseous 
regeneration  have  been  very  fully  illustrated  by  the  experiments  of  Ollier, 
who  has  shown,  amongst  other  things,  that  osseous  formation  will  even  occur  in 
connection  with  portions  of  periosteum  which  have  been  stripped  away  from  the 
bone  itself  and  intertwined  amongst  the  muscles  of  the  part,  or  even  with 
portions  that  have  been  entirely  removed  from  a bone  and  transplanted  to  a 
soft  tissue — as,  for  instance,  underneath  the  skin. 


MUSCULAR  TISSUE. 

The  muscular  tissue  is  that  by  means  of  which  the  active  movements 
ot  the  body  are  produced.  It  consists  of  fine  fibres,  which  are  for  the 
most  part  collected  into  distinct  organs  called  muscles,  and  in  this  form 
] is  ami  laily  known  as  the  flesh  of  animals.  These  fibres  are  also 
disposed  round  the  sides  of  cavities  and  between  the  coats  of  hollow 
visceia,  oiming  strata  ot  greater  or  less  thickness.  The  muscular 
les  are  en  owed  with  contractility , a remarkable  and  characteristic 
propci  y,  y virtue  of  which  they  shrink  or  contract  more  or  less 
lapidly  under  the  influence  of  certain  causes  which  are  capable  of 

Syme,  Trans.  R.  S.  Ed.  1840.  Ollier,  TraitC  de  la  Regeneration  des  Os.  Paris,  1867. 
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exciting  or  calling  into  play  the  property  in  question,  and  which  are 
therefore  named  stimuli.  A large  class  of  muscles,  comprehending 
those  of  locomotion,  respiration,  expression,  and  some  others,  are 
excited  by  the  stimulus  of  the  will,  or  volition,  acting  on  them  through 
the  nerves  ; these  are  therefore  named  “ voluntary  muscles,”  although 
some  of  them  habitually,  and  all  occasionally,  act  also  in  obedience  to 
other  stimuli.  There  are  other  muscles  or  muscular  fibres  which  are 
entirely  withdrawn  from  the  control  of  the  will,  such  as  those  of  the 
heart  and  intestinal  canal,  and  these  are  accordingly  named  “ involun- 
tary.” These  two  classes  of  muscles  differ  not  only  in  the  mode  in 
which  they  are  excited  to  act,  but  also  to  a certain  extent  in  their 
anatomical  characters;  and  on  this  account  we  shall  consider  the 
structure  of  each  class  separately. 


OP  THE  STRUCTURE  OP  VOLUNTARY  MUSCLES. 

The  voluntary  muscular  fibres  are  for  the  most  part  gathered  into 
distinct  masses  or  muscles  of  various  sizes  and  shapes,  but  most 
generally  of  an  oblong  form,  and  furnished  with  tendons  at  each 
extremity,  by  which  they  are  fixed  to  the  bones. 

The  two  attached  extremities  of  a muscle  are  named,  in  anatomical 
descriptions,  its  origin  and  insertion the  former  term  being  usually 
applied  to  the  attachment  which  is  considered  to  be  most  fixed,  although 
the  rule  cannot  be  always  applied  strictly.  The  fleshy  part  is  named 
the  belly,  which  in  some  cases  is  interrupted  in  the  middle  or  divided 
into  two  by  a tendon,  and  then  the  muscle  is  said  to  be  biventral  or 
digastric : on  the  other  hand  it  may  be  cleft  at  one  end  into  two  or 
three  portions,  in  which  case  it  is  named  bicipital  or  tricipital. 

The  muscular  fibres  are  collected  into  packets  or  bundles,  of  greater 
or  less  thickness,  named  fasciculi  or  lacerti  (fig.  64),  and  the  fibres 
themselves  are  commonly  described  as  consisting  of  much  finer  threads, 
visible  by  the  aid  of  the  microscope,  which  are  termed  musculai  nla- 
ments,  fibrillte,  or  fibrils  (fig.  65,  c).  The  fibrils  run  parallel  with 
each  other  in  the  fibres,  and  the  fibres  are  parallel  in  the  fasciculi ; and 
the  fasciculi  extend  continuously  from  one  terminal  tendon  to  the  other, 
unless  in  those  instances,  like  the  rectus  muscle  of  the  abdomen  and  the 
digastric  of  the  inferior  maxilla,  in  which  the  fleshy  part  is  interrupted 
bv" interposed  tendinous  tissue.  The  fasciculi  also  very  generally  iun 
parallel,  and,  although  in  many  instances  they  converge  towards  their 
tendinous  attachment  with  various  degrees  of  inclination,  yet  in  the 
voluntary  muscles  they  do  not  interlace  with  one  anothei. 

Sheath. — An  outward  investment  or  sheath  of  areolar  tissue  (some- 
times named  perimysium ) surrounds  the  entire  muscle,  and  sends  par- 
titions inwards  between  the  fasciculi;  furnishing  to  each  of  them  a 
special  sheath.  The  areolar  tissue  extends  also  between  the  fibies,  but 
does  not  afford  to  each  a continuous  investment,  and  therefore  camm 
be  said  to  form  sheaths  for  them.  Every  fibre,  it  is  true,  has  a tubii  ai 
sheath ; but  this,  as  will  be  afterwards  explained,  is  not  derived  from 
the  areolar  tissue.  The  tissue  of  the  sheath  is  composed  of  elastic 
(yellow)  as  well  as  of  white  fibres ; but  the  elastic  element  is  to 
principally  in  its  investing  (as  distinguished  from  its  penetratm  ) 
portion  The  chief  uses  of  the  areolar  tissue  are  to  connect  the  fibres 
and  fasciculi  together,  and  to  conduct  and  support  the  blood-vessels  and 
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nerves  in  their  ramifications  between  these  parts.  The  relation  of 
these  different  subdivisions  of  a muscle  to  each  other,  as  well  as  the 
shape  of  the  fasciculi  and  fibres,  is  well  shown  by  a transverse  section 
(figs.  64  and  65). 

Fig.  64.  Fig.  65. 


64.  Small  Portion  op  Muscle,  natural  size;  B,  the  same  magnified 

5 Diameters,  consisting  op  larger  and  smaller  Fasciculi,  seen  in  a Transverse 
Section. 


Fig.  65.  A few  Muscular  Fibres,  being  part  op  a small  Fasciculus,  magnified, 

SHOWING  THE  TRANSVERSE  STRIA!. 
a,  end  view  of  6,  b,  fibres  ; c,  a fibre  split  into  fibrils. 


Fasciculi.— The  fasciculi  are  of  a prismatic  figure,  and  their  sections 
have  therefore  an  angular  outline.  The  number  of  fibres  of  which 
hey  consist  varies,  so  that  they  differ  in  thickness,  and  a large  fasciculus 
may  be  divisible  into  two  or  three  orders  of  successively  smaller  bundles 
ut  or  no  regularly  diminishing  magnitude.  Some  muscles  have  large! 
others  only  small  fasciculi ; and  the  coarse  or  fine  texture  of  a muscle 
as  recognized  by. the  dissector,  depends  on  this  circumstance.  The 
length  of  the  fasciculi  is  not  always  proportioned  to  the  length  of  the 
muscle  but  depends  on  the  arrangement  of  the  tendons  to  which  their 
extremities  are  attached.  When  the  tendons  are  limited  to  the  ends  of 
ong  muscle,  as  m the  sartorius,  the  fasciculi,  having  to  pass  from 

b^mad^TW0  the.othe/’  areof  Sreat  length;  but  a long  muscle  may 
both  sirlP^f  f i SG?eS  ° uS  \°rfc  /asciculi  Cached  obliquely  to  one  or 
into  the  tefn^on’ wh;ch  advances  some  way  upon  the  surface  or 

muscle  of  t l iv  ithe  flj*  7 Parfc>  as  in  the  instances  of  the  rectus 
last  refer^l  hlg1’  “ the  tlblalis  Potions.  Muscles  of  the  kind 
id ume  of r a^fpnt  w pexmiform,’’  from  their  resemblance  to  the 

can  be  readilv  ^ other  modifications  of  the  arrangement,  which 
nound  npn!Jy  are  named  “ semi-peuniform ” and  “com- 

tendon  Coinefi  t?Iany  sh?rt  fascicllli  ,«ted  thus  to  a long 
than  a few  fWir  r tleU  .com  )mG(t  operation  a more  powerful  effect 
than  a tew  fasciculi  running  nearly  the  whole  length  of  the  muscle ; 


no 
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but  by  the  latter  arrangement  the  extent  of  motion  is  greater,  for  the 
points  of  attachment  are  moved  through  a longer  space. 

Fibres  ; their  figure  and  measurement. — In  shape  the  fibres  are 
cylindrical,  or  prismatic,  and  in  the  latter  case  often  with  rounded 
surfaces  and  angles.  Their  size  is  tolerably  uniform,  although  fibres 
occur  here  and  there  in  a muscle  which  differ  greatly  in  size  from  the 
prevailing  standard.  Bowman  gave  the  average  diameter  in  the  male 
at  and  in  the  female  at  of  an  inch.  According  to  later  mea- 
surements by  Kolliker  in  different  regions  of  the  body,  the  prevailing 
size  of  the  fibres  in  the  muscles  of  the  trunk  and  limbs  is  from  to 
4,i_.  of  an  inch,  but  is  less  in  those  of  the  head,  especially  in  the  facial 
muscles,  in  which  he  found  the  diameter  to  range  from  down  to 
^ i_  of  an  inch.  ...  „ 

Cross  stripes. — When  viewed  by  transmitted  light  with  a suffi- 
ciently high  power  of 
Fig.  66.  the  microscope,  the 

fibres,  which  are  then 
clear  and  pellucid  in 
aspect,  appear  marked 
with  fine  parallel 
stripes  or  bands  pass- 
ing across  them  di- 
rectly or  somewhat 
obliquely  with  great 
regularity  (figs.  65 
and  66,  a),  and 

this  not  only  at  the 
surface  but,  as  may 
be  seen  by  altering 
the  focus  of  the  mi- 
croscope, throughout 
its  substance  also. 
The  stripes  are  com- 
monly said  to  be 
dark,  with  light  in- 
tervals ; but  it  is  more 
correct  to  speak  of 
both  light  and  dark 
stripes  which  alter- 
nately cross  the  fibre. 
The  dark  and  light 
stripes  are  nearly  of 
equal  breadth,  and 
there  also  may  be  seen, 
very  generally  but  not 

in  all  casee,  a fine  dark  dotted  line  (first  noticed  bj _Ba* .and  Huxley) 
passing  along  the  middle  of  the  light  stripe,  and  di  » 

f ^ Swin.e  "feet  s sis 


Fie.  66. — A,  Portion  of  a medium-sized  Human  Mus- 
cular, Fibre,  magnified  nearly  800  Diameters. 

B Separated  bundles  of  Fibrils,  equally  magnified. 
a,  a,  larger,  and  b,  b,  smaller  collections  ; c,  still  smaller ; 


i,  d,  the  smallest  which  could  be  detached. 


TTtrd 

as 


__  inch  as  the  breadth  ot  each,  dui  — v ~ - h 

their  usual  breadth,  they  are  in  differen  pat  ® 0 number  in 
so  that  not  unfrequently  they  are  double  the  abovenumoe  ^ 

space.  This  closer  approximation  may  generally  be 


narrower, 
an  equal  space, 
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Fig.  67. 


thicker  and  apparently  contracted  parts  of  the  fibre,  but  it  is  by  no 
means  confined  to  such  parts.  This  cross-striped  appearance,  which  is 
most  beautiful  and  characteristic,  is  found  in  all  the  voluntary  muscles  • 
but  it  is  not  altogether  confined  to  them,  for  it  is  seen  in  the  fibres  of 
the  heart,  which  is  a strictly  involuntary  organ : striped  fibres  are  also 
found  in  the  pharynx  and  upper  part  of  the  gullet,  in  the  muscles  of 
the  internal  ear,  and  those  of  the  urethra,  parts  which  are  not  under 
the  direct  control  of  the  will. 

Structure  of  the  fibres. — A muscular  fibre  may  be  said  to  consist 
of  a soft  contractile  substance  inclosed  in  a tubular  sheath. 

This,  the  proper  sheath  of  the  fibre,  is  named  sarcolemma  or  myo- 
Jenwici.  It  consists  of  transparent  and  apparently  homogeneous  mem- 
brane agreeing  in  chemical  characters  with  elastic  tissue,  and,  beino- 
comparatively  tough,  will  sometimes  remain  entire  when  the  included 
fibrils  are  ruptured  by  stretching  the  fibre,  as  represented  in  fig.  G7. 
In  this  way  its  existence  may  be 
demonstrated;  and  it  is  especially 
well  seen  in  fish  and  other  animals 
which  have  large  fibres,  for  in  these 
it  is  thicker  and  stronger.  It  may 
also  be  well  shown  in  fresh  muscular 
fibres  from  the  frog,  by  exposing 
them  to  water  under  the  micro- 
scope. The  fluid  is  imbibed,  and 
then  collects  between  the  substance 
of  the  fibre  and  its  sheath  so  as  to 
separate  the  membrane  and  make 
it  apparent.  At  the  same  time,  as 

regards  mammalian  muscles,  it  must  be  admitted  that  it  is  not  alwavs 
easy  to  bring  the  sarcolemma  distinctly  into  view  7 

The  proper  substance  of  the  fibre  presents,  besides  the  cross-strined 
ppeaiance  already  mentioned,  also  an  appearance  of  longitudinal 
stnation,  which  is  the  better  marked  where  the  transverse  strlation  is 
ess  distinct.  On  separating  the  fibre  with  needles  esneciallv  ofw 
hardening  m alcohol  or  solution  of  osmic  acid  it  mav  ho  w7 1 ft 
longitudinally  into  the  so-called  fibrils  which “hen  oSl  UP 
Wear  to  consist  of  a row  of  dark 

ictually  composed  of  these  but  l’,',  1 1 1 1,10  fi^e  is  not 

able  amount  ofTonnS  ^w““hei?Tls  “ addlt!™  a not  inconsider- 
Sbres  show  a teScv  to  ole  “ ,e  “rtain  “Stances  the 

stripes,  and  even  to  break  ,,,  T ™5  ln  a ,d'rection  Parallel  to  the 

formed  by  the  lateral  cohesion  f0  )lansverse  plates  or  disks,  which  are 
:nake  up  such  a disk  thevefZ  adJacent  ^ To 

separates  from  those5  of  its  n ’ contrikutes  a particle,  which 

>n  each  side  an  this  I f,  w,  e ’ byb . °°l'eres  yvith  its  neighbour 
selves  that  the  subdfy7rioVo7l  .Indeed>  Bowman  con- 

nenon  of  the  same  kind  onlvnf  10  ln^°  bbrillas  is  merely  a pbeno- 
same  kind,  only  of  more  common  occurrence,  the  cleavage 


Fig.  67.— Muscular  Fibre  of  Fish. 
Substance  of  Fibre  ruptured  so 
as  to  exhibit  Sarcolemma.  (After 
Bowman. ) 
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in  the  latter  ease  talcing  place  longitudinally  instead  of  tiansicrscly . 
accordingly,  lie  considers  that  the  fibrillin  have  no  existence  as  such  in 
the  fibre,  any  more  than  the  disks ; but  that  both  the  one  and  the 
other  owe  their  origin  to  the  regular  arrangement  ot  the  particles  of 
the  fibre  (sarcous  elements)  longitudinally  and  transversely,  whereby, 
on  the  application  of  a severing  force,  it  cleaves  in  the  one  or  m the 
other  direction  into  regular  segments.  Kolliker,  on  the  othei  hand, 
holds  to  the  opinion  that  the  fibrils  pre-exist  as  such,  and  that  they 
are  of  essentially  the  same  nature  from  end  to  end  of  the  fibre,  the 
alternating  dark  and  light  parts  being  due  to  differences  m optical 
characters  merely : he  describes  them  as  being  collected  into  definite 
bundles  (which  make  up  a fibre),  termed  by  him  “ muscle-columns 
It  is  difficult,  however,  on  account  of  the  extreme  delicacy  of  the 
elements  composing  it  and  the  readiness  with  which  changes  occur  m 
them  to  malm  out,  with  the  means  at  present  at  our  command,  the 
exact  structure  of  the  mammalian  muscular  fibre  ; and,  to  endeavour 
to  attain  to  a satisfactory  knowledge  of  the  sub]ect  lnstologists  have 
therefore  largely  availed  themselves  of  the  facilities  afforded  by 
the  muscular  fibres  of  the  arthropoda,  and  especially  of  the  water- 
beetle  which  are  quite  similar  in  appearance  and  character, 
which  the  elements  are  relatively  large,  these  fibres,  moreover  are 
rpndilv  obtained  in  a perfectly  unaltered  and  still  contractile  condition. 

Such  muscular  fibres,  when  examined,  without  the  addition  of  any 
fluid  under  a high  power  of  the  microscope,  in  what  may  be  consideie 
their  tvnical  condition,  present,  like  mammalian  muscle,  the  aPPeai" 

arme  o^  alteniate  dim  and  bright  stripes  crossing  the  fibre  Each 
ance  ot  _ ait®inab;  b 13ervaded  by  a series  of  minute  rod-shaped 
dim  stripe  is  seen  to  be  P^vadeaaiDt[cles  get  gide  by  side,  witfi  their 

axes  parallel  to  that  of  the  fibre  (fig. 
68).  Crossing  the  fibre  in  the  middle 
of  each  of  the  bright  stripes  a double 
row  of  dots  (c)  is  apparent  ; and 
on  close  inspection  it  may  be  seen 
that  each  rod-shaped  particle  of  the 
dim  stripe  is  traceable  at  each  end 
into  one  of  the  dots  of  the  blight 
stripe:  the  dots  consequently  are 
merely  the  knobbed  ends  of  the  rod- 
shaped particles.  In  this  way  the 
whole  fibre  is  pervaded  by  these 
minute  rods  (muscle-rods,  cl),  lne 
muscle-rods  refract  the  light  more 
strongly  than  the  rest  of  the  mus- 
cular "substance,  and  hence  appear 
somewhat  darker;  like  that  sub- 
stance, they  are  probably  of  a soft 

and  yielding  nature. 

Now  it  can  be  shown  that  a linear 
series  of  strongly  refracting  sp  c 
roids,  like  the  enlarged  ends  of  the 
muscle-rods,  must  necessaii  y < 


Fig.  68. 


Fig- 


63. — Living  Muscle  of  Water- 
beetle  (Dytiscus  marginalis), 
highly  magnified. 
s sarcolemrna  ; a,  dim  stripe  ; &, 
bright  stripe  ; c,  rows  of  dots  in  bright 
gtripe  which  are  seen  to  be  the  knobbed 
heads  of  d,  muscle  rods. 


Z 'effect,  when  ™wed  by 
mitted  light,  of  producing  a bright  band,  due  o ( l a 
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■either  side,  just  as  a minute  oil-globule  in  water  appears  surrounded 
with  a bright  halo  when  examined  under  the  microscope.  According 
to  this  view  the  proper  substance  of  the  muscle  may  be  re- 
garded as  consisting  of  a homogeneous  ground-substance,  in  which 
lie  imbedded  successive  series  of  rod-shaped  particles,  the  enlarged 
ends  of  which  give  the  appearance  of  transverse  lines  of  dots,  and, 
•by  diffraction,  produce  a relatively  bright  appearance  in  their  im- 
mediate neighbourhood,  and  therefore  rise  to  the  bright  bands.*  In 
transverse  section  the  muscle  rods  appear,  if  the  muscle  be  perfectly 
fresh,  as  minute  round  dots  in  the  homogeneous  ground-substance  (fig.  69). 


Fig.  69. 


Fig.  70. 


Fig.  69.— Transverse  Section  of  a Small  Muscular  Fibre  of  Water-Beetle. 

Highly  Magnified. 

s,  sarcolemma. 

Fig.  70. — Transverse  Section  of  Portion  of  Muscular  Fibre  of  Lobster.  Examined 
in  Salt  Solution  (4  per  cent.)  and  Magnified  400  Diameters  (Ivolliker). 

The  polygonal  areas  of  Cohnheim  are  seen,  and  among  them  two  or  three  irregular  nuclei. 


Under  certain  circumstances,  especially  on  the  addition  of  any  fluid, 
this  appearance  vanishes,  and  the  ground  becomes  parted  off  into 
definite  polygonal  areas  (Cohnheim’s  areas)  bounded  by  clear  bri°-ht 
lines  (fig.  70).  These  are  regarded  by  Kolliker  as  the  sections  of  the 
muscle-columns  described  by  him ; by  W.  Krause  as  the  ends  of  minute 
-prisms  of  which  he  conceives  the  muscular  substance  to  be  made  up. 
ihey  are  not  observable  in  the  unaltered  condition  of  the  fibre. 

. There  is  every  reason  to  believe  that  the  ground-substance  is  similar 
m nature  to  ordinary  protoplasm  but  without  the  granular  character 
commonly,  but  not  always,  exhibited  by  the  latter.  Like  the  substance 
composing  the  plain  muscular  cells  shortly  to  be  described,  it  is  doubly 
retracting  (anisotropous),  whereas  the  substance  composing  the  muscle- 
lods  is  probably  singly  refracting  (isotropous). 


•cn^of1  cauf  of,the  aPPearance  is  supported  by  the  fact  that  in  certain  fibres  the 

longer  observer!  ' Tt  en  .ar£et  ’ an<i  iQ  such  cases  the  bright  transverse  stripes  are  no 
observers  have  faiWl  ^ explair?s>  amougst  other  things,  why  it  is  that,  until  quite  lately, 
into  the  dots  For  .m  rcco2nislng  the  actual  continuation  of  the  rod-shaped  particles 
the  recent  literature  tl  more1  extended  account  of  the  subject,  as  well  as  a notice  of 

Lee-muscLsoTth^Wot16  wf  .!S-  referre<l  to  a paper  0,1  “ The  Minute  Structure  of  the. 
° “ol  ii  f h Water'beetlc  111  the  Philosophical  Transactions  for  1873. 
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Since,  however,  the  rods  are  enclosed  in  anisotropous  substance  their  isotiopous 
character  is  not  apparent  in  the  ordinary  condition  of  the  fibre,  but  the  appear- 
ances observable  in  the  contraction  of  muscle  under  polarized  light  lead  to  the 

above  conclusion.  . , 

Briicke  (from  the  appearance  of  dead  muscular  fibre  m polarized  light)  described 
the  dark  stripes  as  being  anisotropous,  the  light  isotropous,  and  he  has  been 
followed  in  this  by  most  subsequent  writers  on  the  subject.  The  fact  has,  how- 
ever, been  almost  entirely  overlooked  that,  as  Briicke  himself  pointed  out,  m 
lirhio  muscle  at  rest , the  whole  of  the  muscular  substance  appears  doubly  refract- 
ing ; and  it  is  only  in  contraction  that  the  alternate  stripes  appear  singly 

1 ^^theoretical  grounds  the  doubly  refracting  parts  of  a muscular  fibre  have  been 
conceived  by  Briicke  to  be  made  up  of  an  aggregation  of  minute  doubly  refracting 
particles,  termed  by  him  disdiaclasts.  But,  while  the  doubly  refracting  property 
is  no  doubt  dependent  upon  the  ultimate  molecular  constitution  of  the  substance 
possessing  it,  it  is  by  no  means  proved  that  this  is  represented  by  particles  other 
than  the  molecules  of  which  that  substance  is  composed.  _ 

Changes  which  the  muscular  elements  undergo  in  contraction. — \\  hen  a 
portion  of  the  still  living  muscular  tissue  of  the  water-beetle  is  observed  under  the 
microscope,  contractions  may  be  seen  passing  in  waves  along  the  fibres  from  end  to 
end.  and  with  care  the  following  changes  may  be  made  out.  That  part  of  a fibre 
which  is  undergoing  contraction  becomes  shorter  and  thicker,  m all  proba  n 1 y y 
the  coutraction  of  the  protoplasmic  ground-substance  ; the  rows  of  muscle-ro  s 
nnn ear  at  the  same  time  to  get  pressed  down  the  one  upon  the  other,  so  that  the 
previously  double  row  of  rod-heads  in  the  middle  of  each  bright  stnpe,  first 
becomes  blended  into  one  and  then  approximated  to  the  neighbouring mows,  the 

heads  of  the  muscle-rods  bemg  en- 


71. — Diagram  of 
Muscle. 


Contraction 


r,  portion  at  rest  ; p,  portion  in  which 
contraction  is  proceeding  ; c,  contracted  por- 
tion ; d r,  dark  stripe  of  muscle  at  rest ; d c, 
dark'  stripe  of  contracted  muscle  formed  by 
apposition  of  the  enlarged  rod-heads. 


larged,  and  their  shafts  encroached 
upon.  Now  since  it  has  been  shown  that 
the  bright  bands  are  dependent  on  the 
diffraction  of  the  lines  of  rod-heads, 
it  is  easy  to  understand  that  they 
will,  accompanying  these,  encroach 
on  and  eventually  replace  the  dim 
stripe  in  which  the  shafts  of  the  rods 
lie.  So  that  when  the  portion  of 
muscle  is  fully  contracted  (fig.  71,  c) 
the  closely  approximated  dark  stripes 
which  are  observed  are  in  reality  due 
to  the  enlarged  rod-heads  which  have 
more  or  less  blended  with  one  another ; 
while  the  bright  effect,  which  is 
produced  by  reflection  of  light  from 
the  surface  of  the  disks  thus  formed, 
tends  to  obscure  the  attenuated 

shafts*  _ . 

When  a contracted  fibre  is  viewed 
under  polarized  light  the  dark  bands 
(which  are  framed  in  this  case,  as  just 
explained,  by  the  coalesced  rod-heads) 
refract  the  light  singly  so  that  we  now 
get  dark  and  light  bands  crossing  the 
fibre  ; it  is  possible  that  the  alter- 
nations of  doubly  and  singly  re- 
fracting parts,  which  are  commonly 


observed  in  preserved  specimens  of  muscle,  may  be  due  to  the  piesence  of 
condition  similar  to  that  here  described. 


* It  will  be  seen,  therefore,  that  in  the  process  of  contraction  1“?“ £ 

the  iTghland  dark  parte  of  the  fibre  becomes  altered,  so  that  the  stnpe  whrel, 

previously  dim  is  now  blight. 


ENDING  IN  TENDON. 
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Fig.  72. — A Frog’s  Muscular 
Fibre  treated  with  Acetic 
Acid,  magnified  350  Diam. 
(from  Kolliker). 

The  nuclei  are  somewhat  shrunk. 
Interstitial  granules  in  longitu- 
dinal rows,  here  and  there. 


and  accordingly 


Nuclei  or  muscle-corpuscles. — A number  of  clear  oval  nuclei 
are  found  in  the  fibres  (see  p.  1 54,  fig.  105, 
and  fig.  106  e).  In  mammalian  muscles 
they  lie  upon  the  inner  surface  of  the  sarco- 
lemma,  but  in  frogs  they  are  distributed 
through  the  substance  of  the  fibre  (fig. 

72).  Associated  with  and  surrounding 
them  is  a certain  amount  of  granular  pro- 
toplasm, which  is  doubtless  connected  with 
the  growth  and  nutrition  of  the  muscle. 

It  shades  olf  at  the  margins  into  the 
ground-substance  of  the  fibre.  Both  it 
and  the  ground-substance  are  to  be  re- 
garded as  the  remains  of  the  original 
formative  protoplasm  of  the  embryonic 
cells  which  compose  the  muscle  (Max 
Schultze).  In  the  unaltered  condition 
the  nuclei  are  commonly  obscured,  but 
may  be  made  conspicuous  by  the  addition 
of  acetic  acid. 

Length  and  ending  of  the  fibres. — 

The  fibres  composing  a muscle  are  of 
limited  length,  not  exceeding  one  inch  and  a half 
in  a long  fasciculus  a fibre  does  not  reach 
from  one  tendinous  attachment  to  the  other, 
but  ends  with  a rounded  extremity,  invested 
with  its  sarcolemma,  and  cohering  with  neigh- 
bouring fibres.  Unless  when  either  is  fixed 
to  a tendon,  both  extremities  of  the  fibre 
terminate  in  the  way  described,  so  that  it 
has  a long  cylindrical  shape. 

B>  anched  fibres. — Generally  speaking  the 
fibres  neither  divide  nor  anastomose  ; but  this 
rule  is  not  without  exception.  In  the  tongue 
of  the  frog  the  muscular  fibres  (fig.  73)  as 
they  approach  the  surface  divide  into  nume- 
rous branches,  by  which  they  are  attached 
to  the  under  surface  of  the  mucous  mem- 
brane. The  same  thing  has  also  been  seen 
m > the  tongue  of  man  and  various  other 
animals  ; and  the  fibres  of  the  facial  muscles 
ot  mammals  have  been  shown  by  Busk  and 

iiU  a ^ dlvlde  in  a similar  manner  where 
they  fix  themselves  to  the  skin 

tendons.-As  shown  by 

t|lc  ’ e ™ode  of  connection  differs  when 

line  vnfh  l hbjlef1are  continuous  in  a direct 
me  with  those  of  the  tenclou  from  that  whieh 

is  observed  when  the  former  join  th“  tte  a 
a more  or  less  acute  angle.  In  the  first  i- 

fibre  bein?  & •c?nn,nU0US’ tbc  muscular 
n ore  being  distinguishable  from  that  of  the 

hbious  tissue  by  its  station  alone  (fig  74  B) 


Fig.  73.  — A Branched 
Muscular  Fibre  from 
the  Frog’s  Tongue,  mag- 
nified 350  diam.  (from 
Kolliker) . 


In  the  second  case, 
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the  muscular  fibres  terminate  in  rounded  ends,  which  are  received 
into  corresponding  depressions  of  the  tendinous  structure,  to  which  they 
cling ; the  connective  tissue  of  the  one  being  continuous  with  that  of 
the  other  (fig.  74  A). 


Fig.  74. 


B 


Fig.  74. — Ending  of  Muscle  in  Tendon  (Kolliker). 

A,  Oblique  connection,  from  the  gastrocnemius  muscle,  250 
diameters,  b,  muscular  fibres  with  rounded  ends,  united  by  inter- 
stitial connective  tissue  ; c to  a,  part  of  the  tendon. 

B,  Direct  continuity  of  muscular  substance,  a,  into  tendinous 
tissue,  b,  from  an  intercostal  muscle.  350  diameters. 

In  this  oblique  mode  of  attachment,  according  to  Weis- 
mann  and  du  Bois-Reymond,  the  ends  of  the  muscular  fibres 
are,  in  some  cases  at  least,  not  rounded  and  covered  by  sarco- 
lemma,  but  terminate  abruptly  as  if  cut  across  ; being,  as  it 
were,  cemented  to  the  tendon.  In  surface  view  the  ends 
present  a facetted  appearance.  Ellis,  in  opposition  to  Kolliker, 
describes  the  connection  of  striated  muscle  with  tendon  as 
taking  place  in  the  following  manner : — 'When  a muscular 
fibre  is  about  to  end  in  a tendon,  its  component  fibrils  are 
collected  into  bundles  of  different  lengths  and  sizes  like  the 
roots  of  a tree.  Around  each  bundle  tendinous  tissue  is  _ . , 

collected,  forming  a sheath  which  appears  gradually  to  cease  as  it  is  con  1 
backwards  on  the  undivided  fibre.  The  muscular  fibrils  of  a bundle  m approach- 
incr  the  tendon  gradually  cease,  each  having  probably  its  own  tendinous  tine 
to  fix  it.  He  states  that,  where  the  attachment  is  oblique,  as  in  the  gastrocnem 
and  soleus,  every  fibre  is  provided  with  its  separate  tendon  and  is  continuous  with 
itas°above  described,  and  that  the  increasing  thickness  of  the  mam  ternlou 
from  above  downwards  is  due  to  successive  additions,  m the  form  of  strata, 
of  the  contributing  tendons  from  the  lower  placed  layers  of  muscular  f b e I 
In  attaching  themselves  to  the  skin  and  mucous  membranes,  the  mt^cuM 
fibres  divide  into  pointed  processes  or  fine  filaments  whic  aie  con  in 
those  of  the  connective  tissue  (Hyde  Salter). 

Blood-vessels.— The  blood-vessels  of  the  muscular  tissl^  arc  (?^' 
tremely  abundant,  so  that,  when  they  are  successful] y fill ed 
coloured  injection,  the  fleshy  part  of  the  muscle  contrasts  strong 
with  its  tendons.  The  arteries,  accompanied  by  .their,a^oc^e.  thc6e 
enter  the  muscle  at  various  points,  and  divide  into  branches  . 
pass  among  the  fasciculi,  crossing  over  them,  and  dividing  n 
moreTs  they  get  between  the  finer  divisions  of  the  muscle ; at  length, 
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penetrating-  the  smallest  fasciculi,  they  end  in  capillary  vessels,  which 
ran  between  the  fibres.  The  vessels  are  supported  in  their  progress 
by  the  subdivisions  of  the  sheath  of  the  muscle,  to  which  also  they 
supply  capillaries.  The  capillaries  destined  for  the  proper  tissue  of  the 
muscle  are  extremely  small ; they  form  among  the  fibres  a fine  net- 
work, with  narrow  oblong  meshes  (fig.  75),  which  are  stretched  out  in 
the  direction  of  the  fibres  : in 

other  words,  they  consist  of  Fig.  75. 

longitudinal  and  transverse 
vessels,  the  former  running- 
parallel  with  the  muscular 
fibres,  and  lying  in  the  angu- 
lar intervals  between  them, 

— the  latter,  which  are  much 
shorter,  crossing  between  the 
longitudinal  ones,  and  pass- 
ing over  or  under  the  inter- 


vening fibres. 


Fig.  75.  — Capillary  Vessels  op  Muscle, 
from  an  Injection  by  Lieberkuhn,  seen 

WITH  A LOW  MAGNIFYING  POWER. 


None  of  the  capillary  vessels  enter  the  sarcolemma  or  proper  sheath  of  the  fibre, 
and  the  nutritious  fluid  which  they  convey  must  therefore  reach  the  finer 
elements  of  the  muscle  by  imbibition.  Moreover,  as  the  capillaries  do  not 
penetrate  the  fibres,  but  lie  between  them,  their  number  in  a given  space,  or 
their  degree  of  closeness,  will  in  some  measure  be  regulated  by  the  number 
and  consequently  by  the  size  of  the  fibres  ; and  accordingly  in  the  muscles  of 
different  animals  it  is  found  that,  when  the  fibres  are  small,  the  vessels  are 
numeious  and  form  a close  network,  and  vice  versa:  in  other  'words,  the 
smaller  the  fibres,  the  greater  is  the  quantity  of  blood  supplied  to  the  same  bulk 
of  muscle.  In  conformity  with  this,  we  see  that  in  birds  and  mammalia,  in 
which  the  process  of  nutrition  is  active,  and  where  the  rapid  change  requires  a 
copious  supply  of  material,  the  muscular  fibres  are  much  smaller  and  the  vessels 

more  numerous  than  in  cold-blooded  animals,  in  which  the  opposite  conditions 
prevail. 


Lymphatics. — Of  lymphatic  vessels  in  the  muscular  tissue  nothing 
certain  is  known.  The  rich  supply  of  these  vessels  in  the  sheaths  or 
muscles  and  ot  their  tendons  would  seem,  as  pointed  out  by  Ludwm 
and  bchweigger-Seidel,  to  serve  the  purpose  of  collecting  and  convey- 
ing away  the  lymph  from  those  organs,  but  how  the  fluid  reaches  the 
lymphatic  vessels  of  the  sheath  is  not  certainly  known : probably  by  the 
medium  of  the  intercommunicating  cell-spaces  of  the  connective  tissue 

winch,  as  before  remarked,  penetrates  between  the  fasciculi  and  fibres 
oi  tne  muscle. 

TliOr^v- nerves  °f  a voluntary  muscle  are  of  considerable  size, 
each  othP?^er  Pass,bet?eei1  the  fasciculi,  and  repeatedly  unite  with 
a small  mil  of  n n\°^  e^US/  wbcb  f°r  the  most  part  confined  to 
it  lies.  Frmn  10  ^ tbe  muscle,  or  muscular  division  in  which 

proceed  and  form  n °r.  n|°rC  ol  sucb  lmmarD  plexuses,  nervous  twigs 
tainin"  not  morn  h uer,P*exuse^  composed  of  slender  bundles,  each  con- 
simde&fibros  iW°  °r  tbree  dark-bordered  nerve-fibres,  whence 

branches  whirPh  nv°ttc b „wec*  the  muscular  fibres  and  divide  into 

final  distribution  wiiT  dlstribufced  to  the  tissue.  The  mode  of 
acrveg  V1  bc  described  with  the  general  anatomy  of  the 
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Nerves  of  small  size  accompany  the  branches  of  blood-vessels  within 
muscles  ; though  destined  for  the  vessels,  these  nerves  are  said  some- 
times to  communicate  with  the  proper  muscular  plexuses. 


INVOLUNTARY  MUSCLES. 

The  involuntary  muscular  tissue  differs  from  the  voluntary  kind,  not 
only  in  its  want  of  subjection  to  the  will,  but  also  in  its  external 
characters  ; for  whilst  in  many  parts  it  appears  in  the  form  ol  fibres, 
these  except  in  the  heart  and  a few  instances  of  less  note,  aie  unmat  ked 


Fig.  76. 


Fig.  77. 


.a. 


by  the  cross  lines  so  character- 
istic of  the  striped  fibres ; more- 
over, they  are  in  reality  made 
up  of  elongated  contractile  cells 
cemented  together  by  some 
kind  of  uniting  medium. 

Plain  or  unstriped  mus- 
cular tissue. — This,  as  has 
just  been  remarked,  is  made 
up  of  cells,  named  contractile 
fibre-cells,  which  were  first  dis- 
tingnished  as  the  true  elements 
of  the  tissue  by  Kolliker.  The 
cells  may  form  fibrous  bundles, 
and  strata,  or  may  be  less  re- 
gularly arranged,  or  mixed  with 
other  tissues  in  greater  or  less 
proportion.  They  are  of  an 
elongated  fusiform  shape  (figs. 
76  and  77),  usually  pointed  at 
the  ends,  but  sometimes  ab- 
ruptly truncated,  and  are  round- 
ish or  prismatic  in  transverse 
section.  The  cells  vary  greatly 
in  length  according  to  the  part 
or  organ  in  which  they  are 
found.  Some  occur  which  are 
cleft  or  forked  at  one  end. 
Their  substance  is  finely  granu- 
lar and  commonly  exhibits  a 
faint  longitudinal  striation.  It 
has  a smooth  soft  aspect,  and 
presents  no  indication  of  an 
envelope.  Each  has  a nucleus 
( a , a),  rarely  more  than  one, 
which  is  always  elongated  and 
either  oval  or  rod-shaped. 
Towards  each  end  ot^  the  nu- 
cleus the  substance  of  the  ceil 

usually  contains  a few  larger  granules  arranged  in  linear ^senes.  ^ 

The  nlain  muscular  tissue  is  for  the  most  pait  disposec 
coats  of  the  membranous  viscera,  as  the  stomach  mtestme*,  and  b ^ 
in  the  parietes  of  the  air-tubes,  excretory  ducts  of  glands,  ai 


77.  — Muscular  Fibre-Cells 
from  Human  Arteries,  magnified 
350  DIAMETERS  (Kolliker). 

a,  natural 
acetic  acid. 


state  ; b,  treated  with 


76.— Muscular  Fibre-Cell  from  the 
Muscular  Coat  of  the  Small  Intestine, 
magnified  (Kolliker). 


MUSCULAR  TISSUE  OF  THE  HEART. 


119 


It  is  generally  collected  into  larger  and  smaller  fasciculi,  which  in  many 
cases  cross  one  another  and  interlace.  The  fasciculi  are  connected  at 
their  ends  with  tendinous  tissue,  and  are  thus  inserted  into  the  mem- 
branous and  firmer  parts  in  the  neighbourhood.  Small  tendons  are 
also  fixed  by  blending  with  the  fibrous  sheaths  investing  contiguous 
muscular  bundles.  Ellis  states  that  in  the  gullet  the  longitudinal  mus- 
cular fasciculi  are  intersected  wholly  or  partially,  at  intervals  of  from  -jV 
to  Tw  of  an  inch,  by  small  tendons  into  which  they  are  inserted,  after 
the  fashion  of  the  rectus  abdominis,  only  on  a miniature  scale. 

The  plain  muscular  tissue  is  met  with  in  the  lower  half  of  the  gullet, 
the  stomach,  and  the  whole  intestinal  canal  ; that  is,  both  in  the 
muscular  coat  of  the  alimentary  canal,  and  also  as  a layer  in  the  tissue 
of  the  mucous  membrane,  and  in  the  villi ; in  the  trachea  and  bronchial 
tubes,  in  the  bladder  and  ureters,  and  the  ducts  of  the  larger  glands 
generally,  in  the  uterus  and  its  appendages,  in  the  corpora  cavernosa  of 
both  sexes,  in  the  prostate  gland,  and  in  the  ciliary  muscle  and  iris. 
The  middle  coat  of  the  arteries,  the  coats  of  many  veins  and  the  larger 
lymphatics  contain  plain  muscular  tissue.  It  has  also  been  detected  in 
certain  parts  of  the  skin,  in  the  dartos  or  subcutaneous  tissue  of  the 
scrotum,  and  in  form  of  minute  muscles  attached  to  the  hair-follicles. 

Muscular  Tissue  of  the  Heart. — The  fibres  of  the  heart  differ 
remarkably  from  those  of  involuntary  muscular  organs  in  general,  in- 
asmuch as  they  present  transverse  strife.  The  strim,  however,  are  less 
strongly  marked,  and  less  regular,  and  the  fibres  are  smaller  in  dia- 
meter than  in  the  voluntary  muscles.  They  differ  also  from  these  in 
being  made  up  of  distinct  quadrangular  cells  (fig.  78)  joined  end  to 


Fig.  78. 


Fig.  79. 


Fig.  78.  Six  Muscular  Fibre-Cells  from  the  Heart.  Magnified  425  Diameters. 

a,  line  of  junction  between  two  cells  ; b,  c,  branching  of  cells. 

From  a drawing  by  Mr.  J.  E.  Neale. 


Tig.  79.  Muscular  Fibres  from  the  Heart,  magnified,  showing  their  cross 
stride,  divisions,  and  junctions  (Kolliker.) 


end  and  often  presenting  a branched  or  forked  appearance  near  one 
extremity  (c.)  Each  cell  has  commonly  a single  clear  oval  nucleus 
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situate  near  the  centre  ; occasionally  two  nuclei  are  seen.  The  cell 
substance  is  faintly  striated  longitudinally  as  well  as  transversely  : it 
presents  no  indication  of  an  investing  membrane  or  sarcolemma. 

The  muscular  fibres  of  the  heart  freely  divide  and  anastomose  (fig. 
79),  the  junctions  with  neighbouring  fibres  being  effected  by  the 
medium  of  the  cell-offsets  above  noticed. 


DEVELOPMENT  AND  GROWTH  OP  MUSCLE. 

Development. — The  elements  of  the  plain  or  unsiriped  muscular 
tissue  are  derived  from  embryonic  nucleated  cells,  consisting  of  granu- 
lar protoplasmic  substance,  as  usual.  These  become  lengthened  out, 
pointed  at  the  ends,  and  flattened,  with  elongation  of  the  nucleus, 
whilst  their  substance  becomes  more  uniform  in  aspect,  and  acquires 
its  permanent  condition  and  characteristic  properties. 

The  striated  muscular  tissue  is  also  developed  in  the  embryo  from 
cells.  Schwann  considered  each  fibre  to  be  formed  by  the  linear  coa- 
lescence of  several  cells  ; recent  researches,  however,  for  the  most  part, 
tend  to  establish  the  view,  originally  promulgated  by  Remak, 
that  the  fibres  are  produced  by  the  elongation  of  single  cells,  with 
differentiation  of  their  contents  and  multiplication  of  their  nuclei. 
Wilson  Fox,  who  has  lately  investigated  the  process  in  the  tadpole,  the 
chick,  and  the  mammalian  embryo,  at  very  early  stages,  finds  that  the 
first  elements  of  the  muscular  fibres  are  rounded  or  oval  cells,  with  a 
clear  nucleus  and  granular  contents,  agreeing  in  all  respects  with  the 
cells  of  which  the  parts  of  the  embryo  body  originally  consist.  To 
form  a muscular  fibre,  a cell  elongates,  often  acquiring  pointed  ends ; 
the  nucleus  generally  divides  into  two,  and  by  further  division  these  are 
multiplied  ; a fine  membrane,  at  first  absent  or  invisible,  is  soon 
discovered,  bounding  the  cell  and  enclosing  its  contents.  In  the 
meantime  the  substance  becomes  striated  longitudinally  at  one  part, 
and  more  transparent,  the  granules  disappearing.  The  striation, 
which  is  the  first  indication  of  the  proper  muscular  substance,  extends 
throughout  the  length  of  the  elongated  cell,  but  at  first  affects  only 
a small  part  of  its  breadth,  and  the  remaining  space  is  occupied  by 
unchanged  granular  matter  and  the  nucleus  or  nuclei  which  lie  on  one 
side.  In  due  time,  however,  this  conversion  into  the  proper  muscular 
substance,  further  shown  by  the  appearance  of  cross  strias,  proceeds 
through  the  whole  thickness  of  the  cell,  or  fibre  as  it  may  now  be 
called  ; the  enclosing  cell-membrane  becomes  the  sarcolemma,  ant 
the  nuclei,  with  a small  residue  of  the  granular  protoplasm  s 1 
adhering  to  them,  remain  as  the  muscle  corpuscles.’1 

Growth. — The  muscular  fibres  of  the  growing  foetus,  after  having 
acquired  their  characteristic  form  and  structure,  continue  to  increase 
in  size  till  the  time  of  birth,  and  thenceforward  up  to  adult  age. 
In  a full-grown  foetus  most  of  them  measure  twice,  aud  some  of  mem 
three  or  four  times  their  size  at  ,the  middle  of  foetal  life ; on  id  1 
the  adult  they  are  about  five  times  as  large  as  at  birth.  Uns  me 
in  bulk  of  the  individual  fibres  would,  of  course,  so  far  account  101 ^ 
concomitant  enlargement  of  the  entire  muscles.  But  there  woulc  s 
to be also  a multiplication  of  the  fibres  ; and  Budge  believes  he  has 

* rhil.  Trans.  1866. 
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proved  this  as  regards  the  muscles  of  frogs.  Two  modes  of  production 
of  new  fibres  have  been  described — viz.,  firstly,  from  connective  tissue 
corpuscles  lying  between  the  existing  fibres,  by  a ^ 

process  analogous  to  the  original  development  of  the 
muscle  (von  Wittich) ; secondly,  by  the  splitting  up 
of  a fibre  throughout  its  whole  length  into  two  or 
more  smaller  ones,  preceded  by  multiplication  of  its 
included  nuclei.  This  second  process  has  been  de- 
scribed by  Weismann  and  by  Kcilliker  as  occurring 
in  frogs,  in  the  winter  season,  and  ivould  appear  to 
serve  for  the  replacement  of  fibres  destroyed  by  fatty 
degeneration,  which  is  said  to  be  not  uncommon 
in  these  creatures.  Beale,  however,  denies  that  the 
new  and  slender  fibres  are  derived  from  a larger  one 
by  splitting  of  its  substance ; he  believes  that  they 
are  produced  from  cells,  as  in  the  first  mode,  and 
that  the  old  fibre  is  removed. 

The  great  increase  in  the  muscular  tissue  of  the 
uterus  during  gestation  takes  place  both  by  elonga- 
tion and  thickening  of  the  pre-existing  fibre-cells  of 
which  that  non-striated  tissue  consists,  and  by  the 
development  of  new  muscular  fibre-cells  from  small, 
nucleated,  granular  cells  lying  in  the  tissue.  In  the 
shrinking  of  the  uterus  after  parturition  the  fibre- 
cells  also  diminish  to  their  previous  size;  many  of 
them  become  filled  with  fat-granules  (fig.  80),  and 
many  are  doubtless  removed  by  absorption. 

As  far  as  can  be  concluded  from  the  observations 
and  experiments  that  have  hitherto  been  made  on 
the  subject,  the  striated  muscular  tissue  is  not  re- 
generated in  warm-blooded  animals.  It  is  true  that, 
when  a muscle  is  cut  across,  or  a portion  removed, 
the  breach  will  heal,  but  the  loss  of  substance  is  not  repaired  by  new- 
formed  muscular  tissue.  Striated  muscular  fibres  have  been  found  in 
certain  tumours  of  the  ovary  and  testicle,  but  these  cases  are  altogether 
peculiar  and  abnormal. 


Fig.  80 — Moscular 
Fibre-Cells  from 
the  Uterus, 

three  Weeks 

after  Delivery, 
treated  with 
Acetic  Acid,  mag- 
nified 350  DIAME- 
TERS (Kolliker). 

a,  nuclei ; y,  fat- 
granules. 


COMPOSITION  AND  PROPERTIES  OF  MUSCULAR  TISSUE. 

Chemical  composition.— Muscular  tissue  contains  nearly  80  per 
cent  of  water,  so  that  in  being  dried  it  loses  about  four-fifths  of  its 
weight.  The  chief  and  characteristic  constituent  of  the  fibre  is  an 
albuminoid  body.  This  was  at  one  time  regarded  as  fibrin ; but,  as 
l was  attei wards  shown  to  be  not  identical  with  that  substance,  it 
was  distinguished  by  the  name  of  syntonin;  the  ground  of  distinc- 
lon  emg,  that  syntonin  is  soluble  in  very  dilute  hydrochloric  acid,  and 
extr.a(?Jed  f1'0111  muscle  by  that  solvent ; also,  that  its  solu- 
h :nP1(-'clP1[ate(l  by  neutral  salts.  More  recently,  the  subject  lias 
f ,es  h^ted  by  Kiiline,  who  states  that  the  albuminoid  matter 
rm'  nGX1S  Si  \ v t:  ie,  fibres  in  a liquid  form  during  life,  but  coagulates 
• c an<  thereby  gives  rise  to  the  cadaveric  rigidity  which  then 
n , e muscles.  When  extracted  from  fresh  and  still  irritable 

0 muse  es  at  a temperature  of  freezing,  this  substance,  which 
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Kiihne  names  myosin,  is  liquid  ; but  if  it  be  then  exposed  to  the  ordi- 
nary heat  of  the  atmosphere  it  partially  coagulates,  and  the  portion 
then  remaining  liquid  (the  muscle-serum)  when  heated  to  112°  F.,  or 
less  if  it  be  strongly  acid,  yields  a further  coagulum,  which  Kiihne  con- 
siders peculiar  to  muscle  ; and  finally,  at  1G7°,  ordinary  coagulated 
albumin.  The  primary  coagulation  is  hastened  by  the  presence  ol 
blood,  and  possibly  it  may  be  due  to  the  mutual  reaction  of  two  albu- 
minoids analogous  in  their  operation  to  the  fibrinogen  and  para-globulin 
of  the  blood  (ante,  p.  29).  The  coagulum  of  myosin  is  soluble  in 
strong  solutions  of  neutral  salts,  and  accordingly  it  may  thereby  be 
dissolved  out  of  dead  and  rigid  muscles  ; but  it  loses  this  property  if 
previously  dissolved  in  dilute  hydrochloric  acid.  It  then,  in  fact, 
agrees  with  the  so-called  syntonin,  which  Kiihne  regards,  not  as  an 
original  albuminoid  of  muscle,  but  as  myosin  altered  by  the  process  of 
extraction.  It  has  been  suggested  that  the  ready  solution  of  musculai 
fibre  in  dilute  hydrochloric  acid  may  be  owing  to  the  presence  of 
pepsin  in  minute  quantity. 

Other  substances  also  exist  in  muscle,  but  in  very  small  propor- 
tion in  comparison  with  the  albuminoid  matter.  Most  of  them 
probably  result  from  the  process  of  wear  of  the  original  muscular 
substance.  Amongst  them  are,  — 1.  Kreatin  and  kreatinine,  both 
of  them  nitrogenized  and  crystalline,  the  former  neutral,  the  latter 
(derived  from  it)  alkaline ; both  are  also  found  in  the  urine.  2.  parkin. 

3 A substance  termed  “ carnin,”  hitherto  only  found  in  Liebig  s ex- 
tract of  beef  (Weidel).  4.  Non-nitrogenized  substances,  viz. : grape 
sugar;  inosit — an  unfermentable  sugar  from  the  tissue  of  the  heart; 
glycogen,  at  least  in  embryos  and  young  animals.  5 Various  organic 
acids,  viz.,  lactic,  inosinic,  butyric,  acetic,  formic,  and  uric.  6.  baits, 
in  which  potash  predominates  over  soda,  magnesia  over  lime,  and  phos- 
phoric acid  over  chlorine, — muscle,  in  this  respect,  resembling  blooc- 
corpuscles  as  contrasted  with  serum.  Lastly,  a variable  amount  of  a 
may  be  extracted  from  muscle,  and  also  gelatin;  the  latter  no  clou 
from  connective  tissue  ; for  it  must  be  remembered  that  a piece  ol 
muscle  subjected  to  analysis  comprehends,  along  with  the  proper  mus- 
cular fibres,  more  or  less  of  connective  tissue,  blood-vessels  and  nerve  . 
The  account  here  given  of  the  chemical  constitution  of  muscle  applies 
especially  to  the  striped  variety,  but,  so  far  as  is  known,  it  is  essen  la  y 
the  same  in  the  non-striated  tissue,  and  recent  researches  point  to  t 
probability  that  ordinary  protoplasm  possesses  a similar  chemica 
constitution. 

The  juice  expressed  from  a muscle  after  death,  and  especially  after  rigidity  hM 
set  in,  is  acid,  from  the  presence  of  lactic  acid  ; so  that  the  cut  surface  o Catad 
muscle  reddens  litmus-paper.  On  the  other  hand,  a perfec  y _ ^ 

muscle  in  the  living  body,  or  while  it  retains  its  irritability  is  a a ^ decided 
But,  while  this  is  true  of  a living  muscle  in  its  usual  state,  g tetanic 

acid  reaction  after  it  has  been  strongly  exerted,  as,  for  mst  , ^ aHy 

spasm  excited  by  electricity  or  by  strychnia  poisoning.  1 e intimately 

generated  by  a change  in  the  saccharine  matter  of  the  muse  . 0f 

the  tissue  in  all  cases  becomes  alkaline  from  putrefaction  anc  ic  ei 

TVsLl  properties  of  muscle.-A 
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ceases.  Its  elasticity  is  therefore  said  to  be  small  in  degree,  but  very  perfect  or 
complete  in  operation.  A dead  muscle,  especially  after  cadaveric  rigidity  has 
come  on,  resists  extension  more  powerfully,  but  does  not  afterwards  return  to  its 
original  length  ; hence  its  elasticity  is  said  to  be  greater  than  that  of  the  living 
muscle,  but  less  perfect. 

The  red  colour  of  muscle  is  well  known,  but  it  differs  greatly  in  degree  in 
different  cases.  It  is  usually  paler  in  the  involuntary  muscles  ; but  here  the 
heart  again  is  a striking  exception.  In  most  fish  the  chief  muscles  of  the  body 
are  nearly  colourless,  and  in  the  breast  of  wild  fowl  we  see  a difference  in  the 
depth  of  colour  in  different  strata  of  the  same  muscles.  The  redness  is  no  doubt 
partly  due  to  blood  contained  in  the  vessels,  but  not  entirely  so,  for  a red  colour- 
ing matter,  apparently  of  the  same  nature  as  that  of  the  blood,  is  obviously 
incorporated  with  the  fibres. 

Under  tin's  head  must  also  be  mentioned  the  manifestation  of  electricity  by  a 
quiescent  but  living  muscle.  When  a muscle  taken  from  a living  or  recently 
killer!  animal  (a  frog  is  commonly  used)  is  brought  into  connection  with  the 
ends  of  a very  delicate  galvanometer,  so  that  one  extremity  of  the  latter  touches 
the  outer  surface  of  the  muscle  and  the  other  a cross  section  made  through  its 
fibres,  the  needle  will  deviate  so  as  to  indicate  an  electric  current  passing  along 
the  wire  from  the  surface  of  the  muscle  to  its  cross  section.  If  both  ends  of  the 
galvanometer  touch  points  in  the  length  of  the  muscle  equidistant  from  its 
middle,  no  effect  ensues,  but  if  one  point  of  contact  be  farther  than  the  other 
from  the  middle,  a current  will  pass  along  the  wire  from  the  nearer  to  the  more 
distant  point.  The  same  results  are  obtained  with  a small  shred  or  fasciculus 
of  the  muscle.  The  phenomenon  described  is  called  “ the  muscular  current,”  and 
is  supposed  to  indicate  a state  of  electric  polarity  in  the  particles  of  the  muscle, 
probably  caused  by  chemical  changes  going  on  in  its  substance. 

Vital  properties  of  muscle.— The  muscular  tissue  possesses  a considerable  de- 
gree of  sensibility,  but  its  characteristic  vital  endowment,  as  already  said,  is 
■irritability  or  contractility,  by  which  it  serves  as  a moving  agent  in  the  animal 
body. 


Sensibility. — This  property  is  manifested  by  the  pain  which  is  felt  when  a 
muscle  is  cut,  lacerated,  or  otherwise  violently  injured,  or  when  it  is  seized  with 
spasm.  Here,  as  hi  other  instances,  the  sensibility  belongs,  properly  speaking,  to 
the  nerves  which  are  distributed  through  the  tissue,  and  accordingly,  when  the 
nerves  going  to  a muscle  are  cut,  it  forthwith  becomes  insensible.  It  is  by  means 
of  this  property,  which  is  sometimes  called  the  “ muscular  sense,”  that  we  become 
conscious  of  the  existing  state  of  the  muscles  which  are  subject  to  the  will,  or 
rather  of  the  position  and  direction  of  the  limbs  and  other  parts  which  are  moved 
through  means  of  the  voluntary  muscles,  and  we  are  thereby  guided  in  directing 
our  voluntary  movements  towards  the  end  in  view.  Accordingly,  when  this 
muscular  sense  is  lost,  while  the  power  of  motion  remains, — a case  which,  thoug'h 
raie,  yet  sometimes  occurs — the  person  cannot  direct  the  movements  of  the 
affected  limbs  without  the  guidance  of  the  eye. 

Irritability  or  Contractility . — The  merit  of  distinguishing  this  property  of  the 
animal  body  from  sensibility  on  the  one  hand,  and  from  mere  mechanical  pheno- 
mena on  the  other,  is  due  to  Francis  Glisson,  a celebrated  English  physician 
of  the  seventeenth  century ; but  irritability,  according  to  the  view  which  he 
took  of  it,  was  supposed  to  give  rise  to  various  other  phenomena  in  the  animal 
economy  besides  the  visible  contraction  of  muscle,  and  his  comprehensive  accep- 
a ion  of  the  term  has  been  adopted  by  many  succeeding  authorities,  especially 
iy  vm  ers  on  pathology.  Haller  in  his  use  of  the  term  irritability,  restricted  it 
to  the  peculiar  property  of  muscle. 

StJmidi.— In  order  to  cause  contraction,  the  muscle  must  be  excited  by  a 
8 I™  'ii  ...  e “us  may  be  applied  immediately  to  the  muscular  tissue,  as 
w en  le  nes  are  irritated  with  a sharp  point ; or  it  may  be  applied  to  the 
nerve  or  nerves  which  belong  to  the  muscle  : in  the  former  case,  the  stimulus  is 
sau  o re  immediate,  in  the  latter,  “ remote.”  The  nerve  does  not  contract, 
iu  i las  e property , when  stimulated,  of  exciting  contractions  in  the  muscular 
-1  1j?s  . 0 ? “ ^ is  distributed;  and  this  property,  named  the  “ vis  nervosa,” 

is  istmguished  from  contractility,  which  is  confined  to  the  muscle.  Again,  a 
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stimulus  may  be  either  directly  applied  to  the  nerve  of  the  muscle,  as  when  that 
nerve  is  itself  mechanically  irritated  or  galvanised ; or  it  may  be  first  made  to 
act  on  certain  other  nerves,  by  which  its  influence  is,  so  to  speak,  conducted  in 
the  first  instance  to  the  brain  or  spinal  cord,  and  then  transferred  or  reflected  to 
the  muscular  nerve. 

The  stimuli  to  which  muscles  are  obedient  are  of  various  kinds ; those  best 
ascertained  are  the  following,  viz.  : 1.  Mechanical  irritation  of  almost  any  sort, 
under  which  head  is  to  be  included  sudden  extension  of  the  muscular  fibres. 
2.  Chemical  stimuli,  as  by  the  application  of  salt  or  acrid  substances.  3.  Elec- 
trical ; usually  by  means  of  a galvanic  current  made  to  pass  through  the  muscular 
fibres  or  along  the  nerve.  4.  Sudden  heat  or  cold ; these  four  may  be  classed 
together  as  physical  .stimuli.  Next,  mental  stimuli,  viz  : 1.  The  operation  of  the 
will,  or  volition.  2.  Emotions,  and  some  other  involuntary  states  of  the  mind. 
Lastly,  there  still  remain  exciting  causes  of  muscular  motions  in  the  economy, 
which,  although  they  may  probably  turn  out  to  be  physical,  are  as  yet  of  doubt- 
ful nature,  and  these  until  better  known  may  perhaps  without  impropriety  be 
called  organic  stimuli;  to  this  head  may  be  also  referred,  at  least  provisionally, 
some  of  the  stimuli  which  excite  convulsions  and  other  involuntary  motions 
which  occur  in  disease. 


Duration  of  irritability  after  death. — It  is  known  that,  if  the  supply  of  nu- 
trient material  be  cut  off  from  a muscle  by  arresting  the  flow  of  blood  into  it,  its 
contractility  will  be  impaired,  and  soon  extinguished  altogether,  but  will  after  a 
time  be  recovered  again  if  the  supply  of  blood  be  restored.  The  influence  of  the 
blood  supplied  to  muscles  in  maintaining  their  contractility  has  been  strikingly 
shown  by  Brown-Sequard,  who  has  succeeded  in  restoring  muscular  contractility 
in  the  bodies  both  of  man  and  animals  some  time  after  death,  and  after  it  had 
become  to  all  appearance  extinct,  by  injecting  into  the  vessels  arterial  blood 
deprived  of  its  fibrin,  or  defibrinated  venous  blood  previously  reddened  by  expo- 
sure to  the  air.  In  warm-blooded  animals  in  which  the  nutritive  process  is  more 
active,  and  the  expenditure  of  force  more  rapid,  the  maintenance  of  irritability 
is  more  closely  dependent  on  the  supply  of  blood  and  the  influence  of  oxygen,  so 
that  it  sooner  fails  after  these  are  cut  off.  In  accordance  with  this  statement, 
it  is  known  that  while  the  muscles  of  man  and  quadrupeds  cease  to  be  irritable 
within  a few  hours  after  death,  and  those  of  birds  still  sooner,  the  muscular 
irritability  will  remain  in  many  reptiles  and  fishes,  even  for  days,  after  the 
extinction  of  sensation  and  volition  and  the  final  cessation  of  the  respiration  and 
circulation — that  is,  after  systemic  death.  A difference  of  the  same  kind  is 
observed  among  warm-blooded  animals  in  different  conditions  ; thus  irritability 
endures  longer  in  new-born  animals  than  in  those  which  have  enjoyed  respira- 
tion for  some  time  and  are  more  dependent  on  that  function;  and,  in  like 
manner,  it  is  very  lasting  in  hybemating  animals  killed  during  their  winter 
sl6Gp. 

But  the  duration  of  this  property  differs  also  in  different  muscles  of  the  same 
animal.  From  numerous  careful  observations  Nysten  concluded  that  in  the 
human  body  its  extinction  takes  place  in  the  following  order,  viz. : 1,  the  le 
ventricle  of  the  heart  ; 2,  the  intestines  and  stomach  ; 3,  the  urinary  bladder  , 
4 the  right  ventricle  ; in  these  generally  within  an  hour  ; 5,  the  gullet ; 6,  t e 
iris  ; 7,  the  voluntary  muscles,  a,  of  the  trunk,  b,  of  the  lower  and  c,  of  the  upper 
extremities  ; 8,  the  left  auricle,  and,  9,  the  right  auricle  of  the  heart,  which  as 
wras  on  this  account  styled  by  Galen  the  “ ultimum  moriens.  In  one  case  h j s en 

observed  the  right  amide  to  continue  irritable  for  sixteen  horns  and  a halt  a ^er 
death.  But  it  has  been  recently  found  that  a voluntary  muscle  may  give 
of  a certain  degree  of  irritability  even  later  than  this,  if  it  be  struck  a sm 
blow  with  a blunt  edge,  such  as  the  back  of  a knife,  across  the  direction  o ® 
fibres.  The  contraction  then  produced  is  quite  local,  and  confined  to  t le  pai  ^ 
struck.  Funke  states  that  he  and  the  brothers  Weber  obtained  this  result  in 
body  of  a decapitated  criminal  twenty-four  hours  after  death.  . . ..  . 

The  time  of  duration  is  affected  by  the  mode  of  death.  Thus  the  rrnta  * 1 , 
said  to  be  almost  wholly  and  immediately  extinguished  by  a fatal  strojz 
lightning,  and  to  disappear  very  speedily  in  the  bodies  of  persons  ? 
noxious  vapours,  such  as  carbonic  acid,  and  especially  sulphuretted  1 } o 
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In  like  manner  certain  causes  acting  locally  on  muscles  accelerate  the  extinction 
of  their  irritability. 

Rigor  mortis.— The  “ cadaveric  rigidity,”  or  stiffness  of  the  body,  which  ensues 
shortly  after  death,  is  a phenomenon  depending  on  the  muscles,  which  become 
fixed  or  set  in  a rigid  state,  so  as  to  resist  flexion  of  the  joints.  The  rigidity 
almost  invariably  begins  in  the  muscles  of  the  lower  jaw  and  neck,  then  invades 
those  of  the  tmnk,  and  afterwards  those  of  the  limbs, — the  arms  usually  before 
the  legs.  After  persisting  for  a time,  it  goes  off  in  the  same  order.  It  usually 
comes  on  within  a few  hours  after  death,  rarely  later  than  seven  hours.  In  some 
cases  it  has  been  observed  to  begin  within  ten  minutes  (Sommer),  and  in  others 
not  till  sixteen  or  eighteen  hours ; and  the  later  its  access,  the  longer  is  its 
endurance.  The  rigidity  comes  on  latest,  attains  its  greatest  intensity,  and  lasts 
longest  in  the  bodies  of  robust  persons,  cut  off  by  a rapidly  fatal  disease,  or  sud- 
denly perishing  by  a violent  death  ; in  such  cases  it  may  last  six  or  seven  days. 
On  the  other  hand,  it  sets  in  speedily,  is  comparatively  feeble,  and  soon  goes  off 
in  cases  where  the  body  has  been  much  weakened  and  emaciated  by  lingering  or 
exhausting  diseases ; also  in  new-born  infants,  and  in  the  muscles  of  animals 
that  have  been  hunted  to  death.  It  seems  thus  to  be  affected  by  the  previous 
state  of  nutrition  of  the  muscles.  Destruction  of  the  nervous  centres  does  not 
prevent  the  occurrence  of  rigidity,  nor  are  the  muscles  of  paralysed  limbs 
exempted  from  it,  provided  their  nutrition  has  not  been  too  deeply  affected.  The 
fibres  of  stiffened  muscles  no  longer  show  the  muscular  electric  current. 

The  immediate  cause  of  the  muscular  rigidity  is  doubtful  : some  conceive  it  to 
be  an  effect  of  vital  contraction,— the  last  effort  of  life  as  it  were  ; others,  with 
more  probability , ascribe  it  to  a solidification  of  the  tissue  caused  by  chemical 
changes  occurring  after  death.  Kiihne  adduces  various  arguments,  some  of  them , 
it  must  be  admitted,  of  a cogent  character,  to  show  that  the  stiffening  is  due  to 
post-mortem  coagulation  of  the  myosin.  He  thinks  that  the  substance  of  the 
fibre  is  liquid  during  life ; but  it  is  difficult  to  reconcile  his  notion  of  actual 
■fluidity  of  substance  with  some  of  the  most  obvious  properties  of  a living  muscle. 
At  the  same  time,  it  is  conceivable  that  liquid  myosin  may  be  present  in  the 
interstices  of  more  consistent  elements  of  the  living  fibre,  and  may  give  rise  to 
rigidity  by  .coagulating  after  death.  Free  lactic  acid  is  developed  in  the  sub- 
stance of  rigid  muscle,  and  some  regard  it  as  the  cause  of  the  coagulation  of  the 
myosin,  but  although  an  acid  condition  very  generally  accompanies  rigidity,  the 
concurrence  is  not  invariable  or  essential.  Brown-Sequard.  in  opposition  to  the 
chemical  theory,  maintained  that  he  could  remove  rigidity  by  injectino-  blood 
mto  the  vesseis  of  the  muscle  ; but  Kiihne  holds  this  to  be  impossible  after  rigor 
has  decidedly  set  m.  The  general  accession  of  rigidity  is  an  unequivocal  sign  of 
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The  nervous  system  consists  of  a central  part,  or  rather  a series  of 
organs,  named  the  cerebrospinal  axis , or  cerebrospinal 
centre;  and  of  the  nerves,  which  have  the  form  of  cords  connected  by 

thoncpXtiemit}i  H i ?e  ce1rebro'sPinal  centre,  and  extending  from 
nhoert  Wl  !16  boc  y 5°  th*  muscles,  sensible  parts,  and  other  organs 
Sion  thnr  COnHr°L  The  nerves  form  the  medium  of  comrnW 
fibres  termed11  ^ nt  parts  and  the  centre*  °ue  class  of  nervous 
•centre  an  nth  °^e\en  J?1  centrWetal,  conduct  impressions  towards  the 

^centre ^li  from 

system ^omnrpho16]110")5*^113^  CC'T:dre  and  bbe  nervous  cords,  the  nervous 

Meted  wit  '!  ; !l  5°  ccrtain  bodies  named  ganglia,  which  are  con- 

much  sm  er  1“ ™,T  Tan0US  equations.  These  bodies,  though  of 
uch  smaller  size  and  less  complex  nature  than  the  brain,  agree,  never- 
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theless,  with  that  organ  in  their  elementary  structure,  and  to  a certain 
extent  also  in  their  relation  to  the  nervous  fibres  with  which  they  are 
connected ; and  this  correspondence  becomes  even  more  apparent  in 
the  nervous  system  of  the  lower  members  of  the  animal  series. 

The  nerves  are  divided  into  the  cerebrospinal,  and  the  sympathetic  or 
ganglionic  nerves.  The  former  are  distributed  principally  to  the  skin, 
the  organs  of  the  senses,  and  other  parts  endowed  with  manifest  sensi- 
bilitjr,  and  to  muscles  placed  more  or  less  under  the  control  of  the  will. 
They  are  attached  in  pairs  to  the  cerebro-spinal  axis,  and  like  the  parts 
which  they  supply  are,  with  few  exceptions,  remarkably  symmetrical  on 
the  two  sides  of  the  body.  The  sympathetic  or  ganglionic  nerves,  on 
the  other  hand,  are  destined  chiefly  for  the  viscera  and  blood-vessels,  of 
which  the  motions  are  involuntary,  and  the  natural  sensibility  is  obtuse. 
They  differ  also  from  the  cerebro-spinal  nerves  in  having  generally  a 
greyish  or  reddish  colour,  in  their  less  symmetrical  arrangement,  and 
especially  in  the  circumstance  that  the  ganglia  connected  with  them 
are  much  more  numerous  and  more  generally  distributed.  Branches  of 
communication  pass  from  the  spinal  and  several  of  the  cerebral  nerves 
at  a short  distance  from  their  roots,  to  join  the  sympathetic,  and  in 
these  communications  the  two  systems  of  nerves  mutually  give  and 
receive  nervous  fibres;  so  that  parts  supplied  by  the  sympathetic  may 
be  also  in  nervous  connection  with  the  cerebro-spinal  centre. 

The  nervous  system  is  made  up  of  a substance  proper  and  peculiar  to 
it,  with  inclosing  membranes,  nutrient  blood-vessels  and  supporting 
connective  tissue.  The  nervous  substance  has  been  long  distinguished 
into  two  kinds,  obviously  differing  from  each  other  in  colour,  and  there- 
fore named  the  white,  and  the  grey  or  cineritious. 


STRUCTURAL  ELEMENTS. 

When  subjected  to  the  microscope,  the  nervous  substance  is  seen  to 
consist  of  two  different  structural  elements,  viz fibres  and  cells.  The 
fibres  are  found  universally  in  the  nervous  cords,  and  they  also  consti- 
tute the  greater  part  of  the  nervous  centres  : the  cells  on  the  other 
hand  are  confined  in  a great  measure  to  the  cerebro-spinal  centre  and 
the  ganglia,  and  do  not  exist  generally  in  the  nerves  properly  so  called, 
although  they  have  been  found  at  the  terminations  of  some  of  the  nerves 
of  special  sense,  and  also  interposed  here  and  there  among  the  fibres  of 
particular  nerves  ; they  are  contained  in  the  grey  portion  of  the  brain, 
spinal  cord,  and  ganglia,  which  grey  substance  is  in  fact  made  up  of 
these  cells  intermixed  in  many  parts  with  fibres,  and  with  a variable 
quantity  of  supporting  connective  substance. 

The  fibres  are  of  two  kinds  : 1,  the  white,  medullated,  tubular,  or  dai 
bordered,  and  2,  the  grey,  pale,  or  non-medullated.  The  former  aie  y 
far  the  most  abundant ; the  latter  are  found  principally  in  the  sympa- 
thetic nerve,  but  exist  also  in  the  cerebro-spinal  nerves. 

The  White  or  Medullated  Fibres  (fig.  81).— ihese  form 
the  white  part  of  the  brain,  spinal  cord,  and  nerves.  When  collccte 
in  considerable  numbers  and  seen  with  reflected  light,  the  mass  v m 
thev  form  is  white  and  opaque.  Viewed  singly,  or  few  togethci,  unc 
the  microscope,  with  transmitted  light,  they  are  transparent;  an 
quite  fresh  from  a newly  killed  animal,  and  unchanged  by  cold  w 
exposure,  they  appear  as  if  entirely  homogeneous  in  substance,  and  are 
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bounded  on  each  side  by  a well-defined,  simple  and  usually  gently 
sinuous  outline.  Their  size  differs  considerably  even  in  the  same  nerve, 
but  much  more  in  different  parts  of  the  nervous  system  ; some  being 
as  small  as  the  T2^jth  and  others  upwards  of  the  T5Voth  of  an  inch  in 
diameter;  moreover,  the  same  fibre  may  change  its  size  in  different 
parts  of  its  course,  and  it  is.  generally  smaller  at  its  central  and  peri- 
pheral ends.  Very  speedily  after  death,  and  especially  on  exposure  to 
the  action  of  water,  these  seemingly  homogeneous  fibres  become  altered: 
and  it  is  when  so  altered  that  they  are  commonly  subjected  to  examina- 
tion, as  represented  in  fig.  81,  A.  In  particular  instances,  and  in 


Fig.  SI. 

B.  C. 


Fig.  81.  A.  White  or  Medullated  Nerve-Fibres,  showing  the  sinuous  outline 
and  double  contours  (after  Bidder  and  Volkmann). 

b.  Diagram  to  show  the  parts  of  a medullated  fibre,  viz.  1,  1,  primitive  sheath.  2 2 

white  substance  or  medullary  sheath . 3,  axis  or  primitive  band . 

c.  Diagram  intended  to  represent  the  appearances  occasionally  seen  in  the  tubular 
fibres.  1,  1,  membrane  of  tbe  tube  seen  at  parts  where  the  white  substance  has  separated 
trom  it.  2,  a part  where  the  white  substance  is  interrupted.  3,  axis  proiecting  beyond 
the  broken  end  of  the  tube.  4,  part  of  the  contents  of  the  tube  escaped. 


favourable  circumstances,  it  may  be  discovered  that  the  fibre  is  com- 
posecl  of  a fine  membranous  tube,  inclosing  a peculiar  soft  substance,  and 
tnat  tins  contained  substance  itself  is  distinguishable  into  a central  part 
placed  like  a sort  of  axis  in  the  middle  of  the  tube,  and  a peripheral  por- 
tion surrounding  the  axis,  and  occupying  the  space  between  it  and  the 
uouiar  inclosing  membrane.  In  the  annexed  ideal  plan  (fig.  81,  b), 

t^lXl^an°USiube  sheath,  is  marked  1, 1 : the  central  part, 

Bo  irbnf’  Ajas.^aipe(l  cylinder-axis  by  Purkinje,  who  considered  it  to 
Iil'l®1'™'™1  the  structure  previously  described  by  Eemak  under 
• -I  , ^pwxndive  band  (fibra  primitiva) ; the  matter  surround- 
b 1 , mar  eci  2,  2,  is  supposed  to  be  the  chief  cause  of  the  whiteness  of 
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the  brain  and  nerves,  and  it  was  accordingly  named  the  white  substance, 
by  Schwann,  and  by  others,  though  less  appropriately,  the  medullary 
sheath. 

White  substance  of  Schwann  or  Medullary  Sheath.  It  is 

this  substance,  which  appears  to  be  of  a fatty  nature,  that  undergoes  the 
most,  marked  change  on  exposure  ; it  then  seems  to  suffer  a sort  of  coagu- 
lation or  congelation,  and  when  this  has  taken  place,  it  very  strongly 
refracts  the  light,  and  gives  rise  to  the  appearance  of  a dark  border  on 
each  side  of  "the  nerve-tube  (fig.  81,  a and  c).  This  border,  though 
darker  than  the  rest  of  the  tube,  is  nevertheless  translucent ; it  is  bounded 
by  two  nearly  parallel  lines,  so  that  the  nerve-fibre  has  a double  con- 
tour. The  dark  contours  pursue  a sinuous  course,  often  with  deep  and 
irregular  indentations  ; while  straight  or  curved  lines  of  the  same  cha- 
racter, occasioned  no  doubt  by  wrinkles  or  creases  occurring  in  the  layer 
of  white  substance,  are  frequently  seen  crossing  the  tube.  By  continued 
exposure,  round  and  irregular  spots  appear  at  various  points,  and  at 
length  the  contents  of  the  nerve-tube  acquire  a confusedly  curdled  or 
granulated  aspect. 

The  double  contour  appears  only  in  fibres  of  a certain  size  ; in  fine  fibres, 
which  become  varicose  or  dilated  at  intervals,  the  double  line  is  seen  only  m the 
enlargements,  and  not  in  the  narrow  parts  between.  It  often  happens  that  the 
soft  contents  of  the  tube  are  pressed  out  at  the  ruptured  extremities,  as  m 
fia-  81  C 4 and  then  the  round  or  irregular  masses  of  the  effused  matter  are 
still  surrounded  by  a double  contour,  which  proves  that  this  appearance  is  pro- 
duced independently  of  the  membranous  tube. 

The  fine  transparent  membranous  tube,  named  the  primitive 
sheath,  or  sheath  of  Schwann,  presents  an  apparently  homogeneous 
aimearance  with  nuclei  disposed  at  intervals  along  its  inner  surface. 

So  long  as  this  tube  is  accurately  filled  by  the  contained  matter  its 
outline  can  seldom  be  distinguished  ; but  sometimes,  when  the  white 
substance  separates  at  various  points  from  the  inside  of  the  tube,  the 
contour  of  the  fibre  becomes  indented  and  irregular,  and  then  the  mem- 
brane of  the  tube  may,  in  favourable  circumstances,  be  discerned  as  an 
extremely  faint  line,  running  outside  the  deeply  shaded  border  formed 
by  the  white  substance,  and  taking  no  part  in  its  irregular  smuosi- 
+-L  ffio-  81  C.  1,  1).  The  membranous  tube  may  also  be  distin 
guished  at  parts  where  the  continuity  of  the  contained  matter  is  broken 
in  consequence  of  traction,  squeezing,  or  like  . injury  of  the  fibie  , 
such  parts  the  double  line  produced  by  the  white  substance  is  wanti  g, 
and  the  faint  outline  of  the  membranous  tube  may  be  peiceived  ] ■ ■ j 
over  the  interruption  (2).  The  primitive  sheath  is  not  found  on 
fibres  within  the  substance  of  the  brain  and  spinal  coi  • 

The  axis-cylinder,  axis-band , or  axial-fibre  is  situated  m,  or  n ^ 
the  middle  of  the  nerve-tube,  where  it  may  occasionally  be  seen,  on 
careful  inspection,  as  a greyish  stripe  or  band,  bounded  on  each  is  y 

a very  feint  even  outline,  having  no  share  in  the  sinuosities  ot  the  white 

ifofa  more  tenacious  consistence  than  the  white  substance, 
o^rl  mav  accordingly  be  sometimes  seen  projecting  beyond  it  at  the  end 
O?  a broken  ' ne v£tabe,  either  quite  denuded  or  covered  only  by 
°1  a Droi^“  “ tl  ’ intervening  white  substance  having  escapes 

especially  easy  to  obtain  tins  aPE*ar- 
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ance,  from  the  absence  of  the  comparatively  tough  Fig.  82. 

membranous  sheath.  Although  the  name  of  axis-  a. 

■cylinder  would  seem  to  imply  that  it  has  actually  a 
cylindrical  figure,  yet  this  is  by  no  means  certain  ; 

■and  whether  naturally  cylindrical  or  not,  it  certainly 
often  appears  more  or  less  flattened  when  subjected 
to  examination.  In  the  fresh  state,  and  under  high 
powers  of  the  microscope,  the  axis-cylinder  fre- 
quently presents  an  appearance  of  longitudinal 
striation,  indicating  a fibrillar  structure  (see  fig.  89, 
p.  134) ; indeed  both  at  the  origin  and  termination 
of  a nerve  it  may  commonly  be  seen  to  separate 
into  excessively  fine  filaments  or  fibrils.  These,  the 
; primitive  fibrillm  of  Max  Schultze,  are  regarded, 
with  the  axis-cylinder,  which  they  mainly  compose, 

•as  the  essential  part  of  the  nerve  : at  all  events, 
it  frequently  happens  that  these  form  the  only  por- 
tion of  the  nerve  that  remains  at  the  peripheral 
extremity.  Minute  varicosities  are  commonly  found 
on  them  (fig.  89,  b),  probably  the  result  of  post- 
mortem change.  These  are  not  to  be  confounded 
with  the  varicosities  to  be  immediately  mentioned 
as  being  frequently  met  with  in  the  medullary 
•sheath.  Cross  sections  of  the  spinal  cord,  or  of  any 
nerve  trank,  which  have  been  stained  with  carmine 
and  subsequently  mounted  in  balsam  or  dammar 
varnish,  exhibit  the  sections  of  the  axis-cylinders 
as  deeply  stained  dots  in  or  near  the  centre  of  the 
medullated  fibres. 

^ Nodes  of  Ranvier. — It  has  been  shown  bv 
Eanviei,*  that  there  constantly  occur  in  peripheral 
medullated  nerve-fibres  breaks  in  the  continuity  of 
the  white  substance,  which  succeed  one  another  at 
regular  intervals  along  the  course  of  the  nerves  ; 

-and  give  the  fibres  the  appearance  of  beino-  con- 
stricted at  these  places.  The  breaks  or  nodes  as 
they  may  conveniently  be  termed,  divide  the  fibre 
into  a series  of  segments  of  nearly  equal  length. 

I he  segmentation  is  readily  made  apparent  by  the 
action  of  a solution  of  osmic  acid,  which  leaves  the 
nodes  (fig.  82,  r,  r)  almost  colourless,  while  the 
medullary  sheath,  or  white  substance  of  Schwann 
becomes  stained  of  an  inky  black  colour.  In  such 
preparations  also  the  primitive  sheath  of  the  fibre 
vlslble>  aild  within  this,  between  it  and 
t e white  substance,  a clear  oval  nucleus  (c),  with  a 

F‘S.  °'  ,W°  f ERVE-P“RES  0»M  Aon,.  425  Diameters. 

c,  Opposite  the  middle  Zf  th^'se-inent1'  mdh-vf  ^ Primitive  sheath  of  the  nerve. 
Between  the  primitive  sheath  m,l  indicates  the  nucleus  and  protoplasm  lying 

nodes  ore  wider,  and  the T ^ steath  here  Hack  In  a thf 

-a  drawing  by  Mr.  J.  E.  Neale)  ° substance  more  apparent  than  in  u.  (Fr 


n 


om 
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Comptes  Rend  us,  1871  ; and  Arch,  de  Physiologie,  1872. 
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certain  amount  of  granular  protoplasm,  may  be  seen  neai  the  middle  of 
each  segment.  The  primitive  sheath  turns  in  at  the  nodes  and  surrounds 
the  axis-cylinder  as  this  passes  from  one  segment  to  the  other,  so  that 
the  sheath  is  in  a manner  perforated  by  the  a,xis-cylindei.  The  sheaths 
of  successive  segments  are  not  directly  continuous  ovei  the  nodes,  nit 
are  there  separated  by  a certain  amount  of  clear  intersegmental  substance 
(shown  in  A.  fig.  82),  which  forms  the  “ constricting  band  of 
Eanvier,  and  is  probably  similar  in  nature  to  ordinary  intercellular  or 
cementing  substance  (see  p.  15),  being  like  that  stained  by  nitrate 
of  silver.  The  last-named  reagent  stains  also  the  axis-cylmdei  m the 
neighbourhood  of  the  node,  so  that  the  fibres  alter  this  treatment 
appear  marked  with  little  crosses  (fig.  83)  ; the  transverse  limb  o the 
cross  being  due  to  the  ring  of  intersegmental  substance  the  longitu- 
dinal to  the  axis-cylinder,  "other  staining  fluids,  such  as  the  picrocar- 
minate  of  ammonia,  also  act  on  the  axis-cylmdei  a ’ ^ 

are  probably  prevented  from  reaching  it  elsewhere  owing  to  the  presence 
of  the  fatty  matter  in  the  surrounding  medullary  sheath. 


Tj-  oq a Portion  op  a Small  Nerve-Trunk  prom  the  Thorax  op  the  Mouse,. 

TREATED  WITH  NlTRATE  OP  SILVER  (Ranvier).  MAGNIFIED.  _ 

Cross  markings  are  seen  at  the  nodes,  and  tlie  layer  of  flattened  epithelioid  cells  winch 
covers  the  surface  is  also  brought  into  view. 

pig.  84. — Fibres  from  the  Root  op  a Spinal  Nerve. 

At  a,  where  they  join  the  spinal  cord,  they  are  varicose  ; lower  down  at  b,  they  are 
uniform  and  larger  (from  Valentin). 


Ho  structure  corresponding  to  Ranvier’s  nodes  has,  it  is  believed,' 
hitherto  been  observed  in  the  non-medullated  fibres  ; they  appear  to  be 
intnei  -white  fibres  of  the  brain  and  spinal  cord. 

VnL flL  Xy  of  the  medullated  nerve-fibres,  when  sub- 
jeSdtoS  microscope,  appear  dilated  or  swollen  out  at  short  distances 
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along  their  length,  and  contracted  in  the  intervals  between  the  dilated 
parts.  Such  fibres  have  been  named  varicose  (fig.  84).  They  occur 
principally  in  the  brain  and  spinal  cord,  and  in  the  intra-cranial  part 
of  the  olfactory,  in  the  optic,  and  acoustic  nerves  ; they  are  occasion- 
ally met  with  also  in  the  other  nerves,  especially  in  young  animals. 
These  fibres,  however,  are  naturally  cylindrical  like  the  rest,  and 
continue  so  while  they  remain  undisturbed  in  their  place  ; and  the 
varicose  character  is  occasioned  by  pressure  or  traction  durino-  the 
manipulation,  which  causes  the  soft  matter  to  accumulate  at  certain 
points,  whilst  it  is  drawn  out  and  attenuated  at  others.  Most  probably 
the  change  takes  place  before  the  white  substance  has  coagulated.  The 
fibres  in  which  it  is  most  apt  to  occur  are  usually  of  small  size 
ranging  from  to  ^V-g-th  of  an  inch  in  diameter  ; and  when 

a very  small  fibre  is  thus  affected,  the  varicosities  appear  like  a strin°- 
of  globules  held  together  by  a fine  transparent  thread.  As  already 
lemaiked,  the  double  contour  caused  by  congelation  of  the  white  sub- 
stance does  not  appear  in  the  highly  constricted  parts.  The  axis  takes 
no  pait  m this,  change,  indeed  it  may  sometimes  be  seen  runnin°' 
through  the  varicosities  and  undergoing  no  corresponding  dilatation  ° 
Course  of  the  fibres.— Neither  in  their  course  along  the  nervous 
cords,  nor  m the  white  part  of  the  nervous  centres,  have  the  medullated 
hbies  evei  been  observed  to  unite  or  anastomose  together,  nor  are  they 
seen  to  divide  into  branches ; it  is  therefore  fair  to  conclude  that,  though 
ound  up  in  numbers  in  the  same  nervous  cords,  they  merely  run  side 
y side  like  the  threads  in  a skein  of  silk,  and  that  they  maintain  their 
individual  distinctness  throughout  the  trunk  and  branches  of  a nerve  • 
but  m many  cases  the  fibres  divide  in  approaching  the  peripheral  ter- 
mination of  the  nerve,  as  will  be  again  noticed.  1 

Geev  Pale,  N°n-medullated,  or  Gelatinous  Fibres*  (fig.  85.) 
T le  white  fibres,  at  the  peripheral  extremities  of  many  nerves,  lay 


Fig.  85. 
A. 


B. 


Fig.  So.  Non-medullated  Nerve-Fibres  (Max  Scliultze). 

A From  . b Magmfied  bctween  400  and  500  diameters, 
nedullated  fibres  from  nervc  ,0^  tbe  sheep  ; at  a,  a , two  dark  bordered  or 

B.  From  the  s^pLtic witk  the  Pale  olfacto^ 


kemical  nature.  ' ^ teme^  gelatinous  ” by  Henle,  from  their  aspect,  not  their 


132 


NERVOUS  TISSUE. 


aside  their  medullary  sheath  and  dark  borders,  and  are  prolonged  into 
pale  fibres,  often  minutely  dividing,  which  seem  to  represent  the  axis- 
cylinder  deprived  of  surrounding  white  substance,  and  either  naked  or 
covered  with  a prolongation  of  the  primitive  sheath.  But,  apart  from 
these  pale  continuations  of  white  fibres,  there  are  nerve-fibres  which 
exhibit  the  non-medullated  character  throughout  their  whole  length. 
These  are  the  pale  grey  fibres  first  pointed  out  by  Rema k,  and  commonly 
designated  by  his  name,  which  are  found,  with  or  without  associated 
white  fibres,  chiefly  in  the  sympathetic  but  also  in  other  nerves.  The 
branches  of  the  olfactory  nerve  of  man  and  mammalia  consist  wholly  of 
these  pale  fibres.  They  measure  from  Wooth  to  ^^th  of  an  inch  m 
diameter,  appear  flattened,  translucent,  homogeneous,  or  very  faintly 
granular,’  and  sometimes  finely  striated  ^gitu^llj  At  short 
distances  thev  bear  oblong  nuclei,  which  belong  to  a sheath.  In 
structure  these  fibres  are  essentially  similar  to  the  axis-cylinder  of  the 

medullated  fibre,  being  composed  _ of  a bundle  of  £ s5h 

with  a certain  amount  of  intervening  substance  The  nucleated  sheath 
corresnonds  to  the  primitive  sheath  of  the  medullated  fibie.  . 

Pale  fibres  are  also  met  with  (in  the  sympathetic  nerve  especially) 

which  appear  as  fine  threads  with  fusiform  e*larf^ 

ments  are  granular  in  substance,  and  possibly  of  the  mature  ot  nuclei, 

but  placed  in  the  continuity  of  the  fibre,  and  not  merely  attached  to  a 

ShNERYE-CELLS.-These,  as  already  mentioned,  constitute  the  second 
kind  of  structural  elements  proper  to  the  nervous  system.  Ihey  are 
found  in  ^tSf  giey  matter  of  the  cerebro-spinal  centre  and  ganglions 
constituting  a principal  part  of  the  kst-mentioned  . o ies,  and  e 
often  named  ganglionic  corpuscles  or  ganglion-cells , they  exl£c  aiS° 
some  o?  the  nerves  of  special  sense  at  their  peripheral  exp— _an£ 
here  and  there,  in  the  course  of  certain  other  neives.  Th 


Fig.  86. 


Fig. 


87. 


Fig.  86. 


—Ganglionic  Nerve-Cells,  signified  (from  Valentin). 

broken  off. 


The  cell-processes  are 


n.  nucleus. 

K,  87  -NEnvE-C^s  the  Coktioa!.  to  K*™  or 

* g’  Magnified  260  diameters  (Kollikei). 
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those  from  the  grey  matter  of  the  spinal  cord  and  brain,  are  of  an 
angular  or  irregular  figure,  and  send  out  processes,  often  finely  branched, 
from  their  circumference  (figs.  87,  88,  and  90) ; and  then  they  are  often 


Fig.  88. 


™ ' ?“ T,S°S,ilTr  “ CoHr  0E  Sra“  0o“  « Ox, 

Each  cell  1„,  . I L°TE  °HRolno  Ac,I>'  175  Dutos. 

processes  are  seen  to  be  finely  arillated0^^  % bright  nucleolus-  Tlie  cell 

through  the  body  of  the  cell  " * ^rila  passing  from  one  process  into  another 


and  multhpolar'1-0  tcnm  *C  l num^cr  Processes  they  present,  uni-,  bi-, 
use.  They  lnvc  oaHi  ° V10us  / ^ chosen,  but  rendered  curi'ent  by 
CJ  JlaVe  each>  as  a a large,  well-defined,  clear,  round 
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nucleus  (fig.  88),  and  within  this  an  equally  distinct  nucleolus,  or  rarely 
more  than  one.  The  substance  of  the  cell  is  soft  and  translucent,  but 
finely  granular  or  punctuated,  and  slightly  tinged  throughout  with  a 
brownish  red  colour  ; and  cells  are  often  seen,  especially  those  oi  the 
large  ramified  kind,  with  one,  or  sometimes  two,  much  deepei  coloured 


Fig.  89. 


Fig.  90. 


Fig.  89. 

, i,  r, cminal  cord  of  ox,  with  axis-cylinder  process, 

which  it  contains  (from  Max  Scliultze.) 
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brown  patches  caused  by  groups  of  pigment  granules  (fig.  90,  b) ; the 
colour  is  deeper  in  adult  age  than  in  infancy. 

The  bodies  in  question  are  destitute  of  a proper  envelope.  The  out- 
runners or  branches  are  formed  by  prolongations  of  the  same  soft  sub- 
stance which  forms  the  cell-body  ; they  are,  therefore,  very  readily 
broken,  and  the  cells  thereby  mutilated,  in  the  manipulation  required 
for  their  insulation.  A fibrillation  similar  to  that  in  the  axis-cylinders 
of  medullated  nerve-fibres  is  seen  in  these  processes  (figs.  88,  89) ; it 
may  be  observed  also  passing  from  them  through  the  body  of  the  cell, 
•and  from  one  process  to  another  ; we  have,  however,  never  succeeded  in 
tracing  any  connection  of  these  fibrils  with  either  the  nucleus  or  the 
nucleolus  of  the  cell  as  has  been  affirmed  by  some. 

According  to  Deiters,  one  process  (and  only  one)  of  each  of  the  cells 
of  the  grey  matter  of  the  spinal  cord  passes  directly  into  the  axis- 
cylinder of  a nerve-fibre,  as  represented  in  figs.  89,  90.  This  process  he 
•describes  as  being  unbranched  from  the  commencement.  The  other 
processes  divide  into  finer  and  finer  branches,  but  what  becomes  of  the 
ultimate  divisions  is  not  certainly  known.  The  fibrils  resulting  from 
the  repeated  divisions  join,  it  is  said,  with  processes  of  other  cells  to 
form  a close  network  (fig.  90)  throughout  the  grey  substance  of  the 
•cord,  and  from  this  network  other  fibrils  may,  it  is  supposed,  proceed 
and  unite  to  form  the  axis-cylinders  of  issuing  nerves.  We  may  remark, 
however,  that  the  presence  of  an  undivided  axis-cylinder  process  is  by 
no  means  so  constant  in  these  cells  as  is  commonly  described. 

Other  cells  (fig.  91,  a)  are  found  in  the  nervous  substance, 
which  are  distinguished  chiefly  by  the  pel- 
lucid, colourless,  and  homogeneous  aspect 
of  the  matter  contained  in  them  ; such  cells 
possess  a nucleus  like  the  rest ; they  are 
seldom  large,  and  have  usually  a simple 
round  or  oval  figure,  but  may  also  be  found 
branched.  They  occur  along  with  nerve- 
cells  of  the  kind  before  described.  Lastly, 
small  bodies  of  the  size  of  human  blood- 
corpuscles  and  upwards,  containing  one  or 
more  bright  specks  like  nucleoli,  abound  in 
the  grey  matter  in  certain  situations  (fig. 

3.1  c.)  These  bodies,  which  are  some- 

times called  “ granules  ” resemble  the  nuclei 
cf  nerve-cells ; and  it  may  be  a question 
whether  they  are  not  the  nuclei  of  cells  in 
which  the  cell-matter  or  protoplasm  is 
very  scanty,  and  accidentally  detached  in 
examination.  These  nucleus-like  bodies  are 
'veiy  abundant  in  the  superficial  grey  matter 
of  the  cerebellum. 

In  the  grey  matter  of  the  cerebro-spinal 
centre,  the  nerve-cells  appear  as  if  imbedded 

m ° . 1llaLrix  °*  Sranidar  substance,  interposed  between  them 

fibres  1 Ln^1  fiuai^ity,  ^and  very  generally  traversed  by  nerve- 


Fig.  91. 


i 


Fig.  91. — Small  Cells  from 

the  Nervous  Centres. 

a,  from  the  (cortical)  grey 
matter  of  the  brain,  b and  c 
are  from  the  cortical  substance 
of  the  cerebellum  ; b resemble 
detached  cell-nuclei,  c are 
smaller  bodies,  also  like  cell- 
nuclei,  densely  aggregated 
(from  Hannover,  magnified 
340  diameters). 


T)  J » V/l.  J 

. min*  ,1s  veiT  probable  that  the  appearance  of  granular 
i mattci  results  from  a confused  interlacement  of  very  fine 
anc  especially  of  the  fine  ramifications  of  nerve-cells  ; or  from 
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Fig.  92. 


the  crushing  and  breaking  down  of  such  fibres  in  the  process  of  examina- 
tion. In  the  ganglia  properly  so  called,  the  cells  are  packed  up  among 
nerve-fibres,  but  each  cell  is  also  immediately  surrounded  by  au 

inclosing  capsule  (fig.  93  b).  _ 

The  proper  nervous  substance  of  the  brain  and  spinal  cord  is  described 
by  Kolliker  as  being  traversed  in  all  directions  and  supported  by  a frame- 
work of  connective  tissue— the  “ retiform  ” con- 
nective tissue  described  at  page  69.  This  is  stated 
to  be  formed  of  an  interunion  of  ramified  con- 
nective tissue  corpuscles,  or  of  a network  of  fine 
fibres  alone,  originally  proceeding  from  such  cor- 
puscles. Kolliker  names  this  supporting  struc- 
ture the  reticulum  of  the  nervous  centres  (fig. 
92).  Virchow  proposes  the  term  neuroglia. 
It  is  not  merely  an  open  mesh-wTork,  but  consists 
also  of  fine  lamime  formed  of  a close  interlace- 
ment of  the  finest  fibrils,  disposed  as  mem- 
branous partitions  and  tubular  compartments 
for  separating  and  enclosing  the  nervous 
bundles.  Besides  these  ramified  cells  others  are 
found  (Deiters)  which  are  flattened  and  dis- 
tinctly fibrillated,  somewhat  like  the  cells  of 
developing  connective  tissue.  Moreover,  the 
granular  matrix  above  described,  in  which  the 
nerve-cells  are  imbedded,  is  considered  by  Boll 
to  be  derived  from  connective  tissue  cells,  which 
have  undergone  a granular  rather  than  a fibrillar  metamorphosis.* 

Such  being  the  structural  elements  of  the  nervous  substance,  we 
have  next  to  consider  the  arrangement  of  the  cells  and  fibres  in  the 
ganglia  and  nerves  which  they  contribute  _ to  form  ; the  mtuna  e 
structure  of  the  encephalon  and  spinal  cord  being  treated  of  in  the  pai  ■ 
of  this  work  which  is  devoted  to  special  or  descriptive  anatomy. 


Fig.  92.  — Part  or 


THE 

THE 


Reticulum  from 
Spinal  Cord. 

Open  meshes  are  seen 
generally,  but  at  two 
places  close  lamelliform 
interlacements  are  shown. 
Magnified  350  diameters 
(Kolliker). 
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The  bodies  so  named  are  found  in  the  following  situations— viz.  . 
1.  On  the  posterior  root  of  each  of  the  spinal  nerves  ; on  one,  anc  pio 
bably  the  corresponding  root  of  the  fifth  nerve  of  the  encep  1a  o , 
and  on  the  seventh  pair,  glosso-pharyngeal  and  pneumogastric  nerve  , 
involving  a greater  or  less  amount  of  their  fibres  ; also  on  t . 

of  certain  cerebro-spinal  nerves.  2.  Belonging  to  the  sympati 
nerve,  (a) — In  a series  along  each  side  of  the  vertebral  column,  ' 

nected  by  nervous  cords,  and  constituting  what  was  once  consi  er  . 

the  trunk  of  the  sympathetic.  (&)— On  branches  of  the  sympa  » 
occurring  numerously  in  the  abdomen,  thorax,  neck,  and  heai  » 
rally  in  the  midst  of  plexuses,  or  at  the  point  of  union  of  two  ° 
branches.  Those  which  are  found  in  several  of  the  fossm  of  the  c . 
and  face  are  for  the  most  part  placed  at  the  junction  of  fine  branches  j 
the  sympathetic  with  branches,  usually  larger,  of  the  ceiebio  £ 


Contribuzione  idle  fi.ua  Anatomia  degli 


Clinica,  1871 
Berlin,  1873. 


Boll,  Die 


* Stieda  Studien  fiber  das  centrale  Nerven-system,  Z.  fur  Zool.,  1808,  18/0.  Golgb 
.y  ii  a rinrrii  Organi  central!  del  Sistema  nei'NOso  , 


ZS  u^  ffistbge^e  der  Nervose  Central-organe, 
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nerves ; but  they  are  generally  reckoned  as  belonging  to  the  sympathetic 
system. 

The  ganglia  differ  widely  from  each  other  in  figure  and  size  : those 
which  have"  been  longest  known  to  anatomists  are  most  of  them  large 
and  conspicuous  objects  ; but  by  the  researches  of  Remak  and  others, 
it  has  been  shown  that  there  are  numerous  small,  or  what  might  be 
almost  termed  microscopic  ganglia,  disposed  along  the  branches  of 
nerves  distributed  to  the  tongue,  the  heart,  the  blood-vessels,  the  lungs, 
and  some  other  viscera  ; also  connected  with  fine  plexuses  of  nerves 
between  the  coats  of  the  intestines. 

Ganglia  are  invested  externally  with  a thin,  but  firm  and  closely 
adherent  envelope,  continuous  with  the  fibrous  sheath  of  the  nerves, 
and  composed  of  connective  tissue  : this  outward  covering  sends  pro- 
cesses inwards  through  the  interior  mass,  dividing  it,  as  it  were  into 
lobules,  and  supporting  the  numerous  fine  vessels  which  pervade  it.  A 
section  carried  through  a gan- 
glion, in  the  direction  of  the 
nervous  cords  connected  with 
it,  discloses  to  the  naked 
eye  merely  a collection  of 
reddish-grey  matter  traversed 
by  the  white  fibres  of  the 
nerves.  The  nervous  cords 
on  entering  lay  aside  their 
investing  sheath  and  spread 
out  into  smaller  bundles, 
between  which  the  grey  gan- 
glionic substance  is  inter- 
posed ; and  their  fibres  are 
gathered  up  again  into  cords, 
furnished  with  sheaths,  on 


Fig.  93. 


issuing  from 


the 


ganglion. 


The  microscope  shows  that 
this  grey  substance  consists 
of  nerve-cells  and  fibres  with 
supporting  connective  tissue. 

The  nerve-cells  have  mostly 
a round,  oval,  or  pyriform 
figure.  They  are  enclosed 
in  capsules  formed  of  a trans- 
parent membrane  with  nuclei 
(fig.  93,  b,  94,  95) : these  cap- 
sules are  apparently  continu- 
ous  with  the  primitive  sheaths  of  the  nerves  (M.  Schultze). 

the  relation  between  the  nerve-fibres  in  a ganglion  and  the 
gang  ion-cells,  it  may  be  stated  that  many  fibres  pass  through  without 
)eing  connected  with  the  cells,  but  that  every  nerve-cell  is  connected 
a f i6  ^res-  According  to  Beale,  each  cell  is  connected 

1-1  a , casb  )vo  fibres,  which,  on  reaching  the  nervous  bundle  in 
f nfy  ai.e  fi^G’ibuted,  run  in  opposite  directions  (fig.  94).  One 
noli  f1CS  18  stral?ht,  usually  °f  tolerable  size,  and  connected  with 
Tlio  a one  spot  like  a stalk— in  pyriform  cells  at  the  small  end. 
o lei,  usually  smaller,  begins  or  is  attached  at  some  distance 


Fig.  93. — Multi-Polar  Ganglion  Cells  from 
Sympathetic  of  Man  (Max  Schultze).  Mag- 
nified. 

a,  freed  from  capsule  ; b,  enclosed  within  cap- 
sule. The  processes  of  both  are  broken  off  a short 
distance  from  the  cell. 
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from  the  insertion  of  the  first,  and  makes  several  turns  on  the  surface 
of  the  cell,  but  within  its  capsule,  which  are  continued  as  spiral  coils 
round  the  straight  fibre,  and  then  the  two  part  company,  and  appa- 
rently run  in  opposite  directions  in  the  nervous  bundle  in  which  they 
mingle. 

The  spiral  fibre  bears  large  oblong  nuclei  along  its  course.  These 
are  seen  on  its  spiral  turns  upon  the  surface  of  the  cell,  and  some,  at 
the  commencement  of  the  fibre,  seem  to  be  beneath  the  surface.  It 
may  be  single  from  the  first,  or  begin  by  two  or  more  filaments  which 
join  at  some  distance  from  the  cell.  Both  fibres  increase  in  size  as 


Fig.  94. 


Fig.  94. — Ganglion-Cell  of  a Frog,  Magnified  ; according  to  Beale. 
Reduced  and  adapted  from  one  of  bis  figures,  a,  a,  straight  fibre  ; b,  b,  coiled  fibre  , 
c,  smaller  one  joining  it. 


95. — Magnified  Ganglion-Cell,  from  the  Sympathetic  of  the  Frog,  according 
to  J.  Arnold.  Virch.  Arch.  1865. 

a,  straight  fibre  ; b,  coiled  fibre,  arising  by  a superficial  net  connected  -with  nucleolus 
of  the  cell ; c,  c,  capsule  with  nuclei. 


they  proceed.  They  have  at  first  the  character  of  pale  fibres  (or  axis- 
cylinders),  then  one  of  them— generally  the  straight  one,  but  it  may  oe 
the  other— at  a short  distance  from  the  cell  acquires  a medullary  shea 
and  becomes  a dark  bordered  fibre.  At  the  same  time  it  cannot  be 
positively  said  that  both  fibres  may  not  become  dark  bordered,  oi  both 
continue  as  pale  fibres.  The  spiral  fibres  may  make  more  01  fewer 
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coils,  and  Beale  thinks  the  coils  are  more  numerous  in  older  cells— for 
in  some  cases  the  smaller  fibre  (answering  to  the  spiral  one  elsewhere) 
is  not  coiled  ; the  cells  in  such  cases  he  considers  to  be  young  or 
recently  formed. 

Beale’s  observations  were  chiefly  made  on  the  ganglia  of  frogs,  the  cells  of 
which  have  very  commonly  a pyriform  shape  like  the  one  represented  in  the 
figure.  In  mammalia  they  are  more  spheroidal,  and  the  observation  of  theii 
connection  with  fibres  is  more  difficult ; but  from  examinations  in  mammalia,  he 
was  led  to  infer  that  the  relation  of  the  cells  and  fibres  is  essentially  the  same  as 
in  frogs. 

Two  subsequent  writers,  Julius  Arnold,  and  L.  G.  Courvoisier,  confirmed  the 
original  observation  of  Beale  in  almost  every  point ; but  whilst  the  last-named 
observer  described  the  two  fibres  as  connected  with  the  substance  of  the  cell  and 
at  its  surface  only— or,  at  least,  could  not  obtain  satisfactory  evidence  of  their 
passing  into  the  interior — Arnold,  and  (after  him)  Courvoisier  describe  (as  had 
previously  been  done  by  Harless  and  others)  the  straight  fibre  as  traceable  into  the 
nucleus,  with  which  Arnold  thinks  its  medullary  sheath,  here  altogether  inconsider- 
able, is  continuous,  whilst  the  axial  part  ends  in  the  nucleolus,  which  he  regards  as 
the  knobbed  end  of  the  axis-cylinder  (fig.  95).  They  both  describe  a network  of  ex- 
quisitely fine  fibrils,  which,  springing  from  the  nucleolus  as  a centre,  traverses  the 
substance  of  the  cell  and  comes  to  the  surface  between  the  cell-body  and  its  sheath, 
and  finally  unites  into  the  spiral  fibre.  According  to  this  account,  the  nucleolus 
is,  as  it  were,  the  end  of  the  straight  fibre 


and  beginning  of  the  spiral  one,  or  vice 
versa  ; or,  at  least  the  point  of  organic 
connection  between  them  in  the  cell. 
Courvoisier  describes  both  fibres  as  ac- 
quiring a medullary  sheath,  the  straight 
one  first.  He  has  found  the  above  de- 
scribed structure  in  the  ganglia  of  fish, 
birds,  and  mammals  ; but  whilst  in  the 
frog  the  cell  has  never,  or  scarcely  ever, 
more  than  one  straight  and  very  rarely 
more  than  one  spiral  fibre,  he  finds  that  in 
other  vertebrates  a cell  may  give  off  such 
twin  fibres  from  two  or  more  parts  of  its 
circumference. 

With  regard  to  the  alleged  connection 
of  the  fibres  with  the  nucleus  and  nu- 
cleolus of  the  cell,  we  would  remark 
that  no  such  connection  is  observable  in 
other  nerve-cells, — those  of  the  spinal 
cord  for  instance.  And  recent  observers 
have  for  the  most  part  failed  to  cor- 
roborate the  statements  of  Arnold  and 
Courvoisier.  On  the  other  hand,  it  is 
probable  that  the  primitive  fibrils  of  the 
nerves  are  continuous  with  one  another 
through  the  body  of  the  cell. 

Besides  such  cells  as  have  now  been 
described,  others  are  not  unfrequently 
met  with  in  which  there  is  a different 
arrangement.  In.  the  spinal  ganglia  of 
the  skate,  torpedo,  dogfish,  &c.,  as  first 
pointed  out  by  It.  Wagner,  two  fibres 
are  connected  with  each  ganglion-cell  at 
opposite  sides— one  directed  centrally  to- 
wards the  root  of  the  nerve,  and  the  other 
outwardly  towards  its  branches  (fig.  90). 


Fig.  96. 


Fig.  96.  — Bipolar  Ganglion-Cell  frost 
Spinal  Ganglion  of  Pike.  350  Diame- 
ters. (Kolliker.) 

«,  Capsule  of  cell  continuous  with,  b, 
sheath  of  nerve.  c,  medullary  sheath. 
d,  axis-cylinder,  e,  body  of  cell. 
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In  the  spinal  ganglia  of  man  the  cells  commonly  appear  to  possess  hut  a single 
process,  which  runs  peripherally  ; on  the  other  hand,  multipolar  cells  are  occa- 
sionally found.  The  latter,  according  to  Max  Schultze,  are  also  to  be  met  with 
in  the  sympathetic  ganglia  (see  fig.  93). 

OF  THE  CEREBRO-SPINAL  NERVES. 

Construction.  — These  nerves  are  formed  of  the  nerve-fibres 
already  described,  collected  together  and  bound  up  in  sheaths  of 
connective  tissue.  A larger  or  smaller  number  of  fibres  inclosed 
in  a tubular  sheath  form  a slender  round  cord  of  no  determinate 
size,  usually  named  a funiculus ; if  a nerve  be  very  small  it  may 
consist  of  but  one  such  cord,  but  in  larger  nerves  several  funiculi 
are  united  together  into  one  or  more  bundles,  which,  being  wrapped 
up  in  a common  membranous  covering,  constitute  the  nerve  (fig.  97). 
Accordingly,  in  dissecting  a nerve,  we  first  come  to  an  outward 
covering,  formed  of  connective  tissue,  often  so  strong  and  dense 
that  it  might  well  be  called  fibrous.  From  this  common  sheath  we 
trace  lam i me  passing  inwards  between  the  larger  and  smaller  bundles 
of  funiculi,  and  finally  between  the  funiculi  themselves,  connecting 

them  together  as  well  as  con- 
Fig.  97.  ducting  and  supporting  the 

fine  blood-vessels  which  are 
distributed  to  the  nerve. 
But,  besides  the  interposed 
areolar  tissue  which  connects 
these  smallest  cords,  each 
funiculus  has  a special  sheath 
of  its  own,  as  will  be  im- 
mediately noticed. 

The  common  sheath  and 
its  subdivisions  consist*  of 
connective  tissue,  presenting 
the  usual  white  and  yellow  constituent  fibres  of  that  texture,  the 
latter  being  present  in  considerable  proportion:  frequently  also  a 
little  fat  is  to  be  found.  The  special  sheaths  ot  the  funiculi, 
on  tlie  other  hand,  appear  to  be  formed  essentially  of  a fine  trans- 
parent membrane,  which  may  without  difficulty  be  stripped  off,  m 
form  of  a tube,  from  the  little  bundle  of  nerve-fibres  of  which  the 
funiculus  consists.  When  examined  with  a high  power  of  the  micio- 
scope,  this  membrane  presents  the  aspect  _ of  a thin  transparent  film, 
which  in  some  parts  appears  to  be  quite  simple  and  homogeneous,  bu 
is  more  generally  marked  with  extremely  fine  reticulated  fibres.  Uoi- 
puscles  resembling  elongated  cell-nuclei  may  be  seen  upon  it  when 
acetic  acid  is  applied,  and  by  treatment  with  nitrate  of  silver  i 
may  be  shown  that  the  film  above  mentioned  is  not  in  reality  simp  e, 
but  is  made  up  of  two,  three,  or  more  excessively  delicate^  lamellae,  on 
the  surface  of  which  an  epithelioid  layer  of  extremely  fine  fiattenea 
cells  to  which  the  nuclei  above  mentioned  belong,  may  occasionally 
be  observed.  The  fine  reticulated  fibres  seen  on  the  lamel  he  are 
nrobably  of  an  elastic  nature ; in  some  parts  they  appear  merely  as  < 
series  of  granules,  as  if  incompletely  developed  (see  p.  71).  Mm®0'  > 

small  plates  of  elastic  substance  are  here  and.  there  met  with  m 
lamellae  which  also  appear  granulated  near  their  edges  (Ranvier). 


Fig.  97. — Portion  op  the  trunk  of  a Nerve 

CONSISTING  OF  MANY  SMALLER  CORDS  OR  FUNICULI 
WRAPPED  UP  IN  A COMMON  SHEATH. 

a,  the  nerve  ; b,  a single  funiculus  drawn  out 
from  the  rest  (from  Sir  C.  Bell). 
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The  tissue  here  described  as  investing  each  funiculus  and  enclosing 
its  proper  fibres  is  named  the  neurilemma .*  It  is  covered  quite  exter- 
nally by  a layer  of  large  thin  flattened  cells,  the  outlines  of  which  are 
brought  into  view  by  the  silver  treatment  (as  in  fig.  83). 

The  funiculi  of  a nerve  are  not  all  of  one  size,  but  all  are  sufficiently 
large  to  be  readily  seen  with  the  naked  eye,  and  easily  dissected  out 
from  each  other.  In  a nerve  so  dissected  into  its  component  funiculi, 
it  is  seen  that  these  do  not  run  along  the  nerve  as  parallel  insulated 
cords,  but  join  together  obliquely  at  short  distances  as  they  proceed  in 
their  course,  the  cords  resulting  from  such  union  dividing  in  their 
further  progress  to  form  junctions  again  with  collateral  cords  ; so  that 
in  fact  the  funiculi  composing  a single  nervous  trunk  have  an  arrange- 
ment with  respect  to  each  other  similar  to  that  which  we  shall  presently 
find  to  hold  in  a plexus  formed  by  the  branches  of  different  nerves.  It 
must  be  distinctly  understood,  however,  that  in  these  communications 
the  proper  nerve-fibres  do  not  join  together  or  coalesce.  They  pass  off 
from  one  nervous  cord  to  enter  another,  with  whose  fibres  they  become 
intermixed,  and  part  of  them  thus  intermixed  may  again  pass  off  to  a 
third  funiculus,  or  go  through  a series  of  funiculi  and  undergo  still 
further  intermixture ; but  throughout  all  these  successive  associations 
(until  near  the  termination  of  the  nerve)  the  fibres  remain,  as  far  as 
known,  individually  distinct,  like  the  threads  in  a rope. 

The  fibres  of  the  cerebro-spinal  nerves  are  chiefly,  in  some  cases  per- 
haps exclusively,  of  the  white  or  medullated  kind,  but  in  most  instances 
theie  aie  also  grey  fibres  in  greater  or  less  number.  Moreover,  fila- 
ments of  extreme  tenuity,  like  the  white  filaments  of  connective  tissue, 
occur,  mixed  up  with  well-characterised  nerve-fibres  within  the  sheaths 
of  the  fumculi.  Lying  alongside  each  other,  the  fibres  of  a funiculus 
form  a little  skein  or  bundle,  which  runs  in  a waving  or  serpentine 
mannei  within  its  sheath ; and  the  alternate  lights  and  shadows  caused 
by  the  successive  bendings  being  seen  through  the  sheath,  give  rise  to 
the  appearance  of  alternate  light  and  dark  cross  stripes  on  the  funiculi 
or  even  on  larger  cords  consisting  of  several  funiculi.  On  stretching 
le  nerve,  the  h ires  are  straightened  and  the  striped  appearance  is  lost. 
^Vessels.  The  blood-vessels . of  a nerve,  supported  by  the  sheath, 
divide  mto  very  fine  capillaries.  These,  which  are  numerous,  run 
parallel  with  the  fibres,  many  of  them  within  the  funicular  sheaths,  but 
are  connected  at  intervals  by  short  transverse  branches,  so  as  in  fact  to 
torm  a network  with  long  narrow  meshes.  Lymphatics  are  found  in  the 
uniting  connective  tissue  or  perineurium.  Little  is  known  of  their  mode 

nnvT™e?iCement’  b;U  1S  Probable  tbaL  as  in  other  parts,  they  take 

a re°mP  Jitf  ?°?necfclv®  tlssue-  Spaces  which  appear  to  be  lymphatic 
aie  met  with  between  the  layers  of  the  neurilemma. 

Branching  and  conjunction  of  Nerves.— Nerves  in  their  nro- 

nemsVnotu°X0nlyfIiV-de  int.°  branches>  the  branches  of  different 
neives  not  unfiequently  join  with  each  other.  As  regards  the  arrange- 

responds  to  tlie  pnmitive  sheath  of  the  nerve-fibre  cor- 
and to  use  the  term  °!-  raus^e>  have  proposed  to  designate  it  as  the  neurilemma, 

cords,  to  which  the  ^°r  coarser  sheathing  of  the  nerves  and  nervous 

and  restricted  application  of  tL  + * may  son}etimes  be  convenient,  but  the  proposed  new 
doubtful  propriety  Tim  tenn  neurilemma  would  lead  to  ambiguity,  and  is  of 

■ vuntl’ha.  been. 


named 
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mcnt  of  the  fibres  in  these  cases,  it  is  to  be  observed,  that,  in  the 
branching  of  a nerve,  collections  of  its  fibres  successively  leave  the  trunk 
and  form  branches  ; and  that,  when  different  nerves  01  theii  branches 
intercommunicate,  fibres  pass  from  one  nerve  to  become  associated  with 
those  of  the  other  in  their  further  progress  ; but  in  neither  case  (unless 
towards  their  peripheral  terminations)  is  there  any  such  thing  as  a 
division  or  splitting  of  an  elementary  nerve-fibre  into  two,  01  an  actual 
function  or  coalescence  of  two  such  fibres  togethei. 

A communication  between  two  nerves  is  sometimes  effected  by  one 
or  two  connecting  branches.  In  such  comparath  ely  simple  modes  of 
connection,  which  are  not  unusual,  both  nerves  commonly  gn  e and 
receive  fibres  ; so  that,  after  the  junction,  each  contains  a mixture  of 
fibres  derived  from  two  originally  distinct  sources.  More  rarely  the 
fibres  pass  only  from  one  of  the  nerves  to  the  other,  and  the  conti  lbu- 

tion  is  not  reciprocal.  , . •,  , 

In  other  cases  the  branches  of  a nerve,  or  branches  derived  from  two 

or  from  several  different  nerves,  are  connected  m a more  complicated 
manner,  and  form  what  is  termed  a plexus.  In  plexuses-of  which  the 
one  named  “ brachial  ” or  “ axillary,”  formed  by  the  great  nerves  of  the 
arm  and  the  “ lumbar”  and  - sacral,”  formed  by  those  of  the  lower 
limb  and  pelvis,  are  appropriate  examples-the  nerves  or  their  branches 
join  and  divide  again  and  again,  interchanging  and  intermixing  their 
fibres  so  thoroughly  that,  by  the  time  a branch  leaves  the  plexus,  it 
may  contain  fibres  from  all  the  nerves  entering  the  plexus.  Still,  as  in 
tbe^more  simple  communications  already  spoken  of,  the  fibres,  so  far  as 
is  known,  remain  individually  distinct  throughout. 


Tv,  instances  of  nervous  conjunctions  certain  collections  of  fibres,  after 

the  commissure  between  these  nen^fro  ^ ^ ^ compared  with  the 

return  again  o > e ra  . ^ wbicb  there  is  a great  system  connecting 

commissural  fibres  of  the  biam  , of  a similar  kind  occurring 

the  symmetrical  halves  of  that  org  . yoikmann  • as  in  the  connection  be- 
in  other  nerves  have  been  pointed  out  ly  the  fourth 

tween  the  second  and  third  cervical  nerves  of  and  in  tUe 

cranial  nerve  with  the  first  branch  the  descen- 

communications  of  the  cervical  nerves  with  the  ^m  deyiating  gtill 

densnoni.  But  certain  fibres  of  the  op  mne  ^ ^ bg  continued  across  the 

more  from  that  followed  generally,  fo  y side  to  the  opposite  nerve 
commissure  from  the  toform  arches 

and  eye,  without  being  connectec  , x*on  looking,  however, 

with  peripheral  terminations,  but  no  cenra  l e'in  mind  that  the  retina 

trziSXi 

jssrs  s ^ - *-  <*• 

COSTSktion  of  the  fibres  at  tire  poirrts  of  division  and  junction  of  tire 


* Virchow's  Arch.  1863. 
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Branches  of  nerves  still  requires  further  investigation.  For  some  interestino- 
observations  on  the  subject  the  reader  is  referred  to  a paper  by  Beale.* 

Origins  or  Roots  of  the  Nerves. — The  cerebrospinal  nerves,  as 
already  said,  are  connected  by  one  extremity  to  the  brain  or  to  the 
spinal  cord,  and  this  central  extremity  of  a nerve  is,  in  the  language  of 
anatomy,  named  its  origin  or  root.  In  some  cases  the  root  is  single, 
that  is,  the  funiculi  or  fibres  by  which  the  nerve  arises  are  all  attached 
at  one  spot  or  along  one  line  or  tract ; in  other  nerves,  on  the  contrary, 
they  form  two  or  more  separate  collections,  which  arise  apart  from  each 
other  and  are  connected  with  different  parts  of  the  nervous  centre,  and 
such  nerves  are  accordingly  said  to  have  two  or  more  origins  or  roots. 
In  the  latter  case,  moreover,  the  different  roots  of  a nerve  may  differ 
not  only  in  their  anatomical  characters  and  connections,  but  also  in 
function,  as  is  well  exemplified  in  the  spinal  nerves,  each  of  which 
arises  by  two  roots,  an  anterior  and  a posterior — the  former  containing 
the  motor  fibres  of  the  nerve,  the  latter  the  sensory. 

The  fibres  of  a nerve,  or  at  least  a considerable  share  of  them,  may 
be  traced  to  some  depth  in  the  substance  of  the  brain  or  spinal  cord, 
and  hence  the  term  “ apparent  or  superficial  origin  ” has  been  employed 
to  denote  the  place  where  the  root  of  a nerve  is  attached  to  the  surface, 
in  order  to  distinguish  it  from  the  “ real  or  deep  origin  ” which  is 
beneath  the  surface  and  concealed  from  view. 


To  trace  the  different  nerves  back  to  their  real  origin,  and  to  determine  the 
points  where,  and  the  modes  in  which  their  fibres  are  connected  with  the  nervous 
centre,  is  a matter  of  great  difficulty  and  uncertainty ; and,  accordingly  the 
statements  of  anatomists  respecting  the  origin  of  particular  nerves  are  in  many 
cases  conflicting  and  unsatisfactory.  Confining  ourselves  here  to  what  applies 
to  the  nerves  generally,  it  may  be  stated,  that  their  roots,  or  part  of  their  roots 
can  usually  be  followed  for  some  way  beneath  the  surface,  in  form  of  white 
tracts  or  bands  distinguishable  from  the  surrounding  substance  ; and  very  gene- 
raUy  these  tracts  of  origin  may  be  traced  towards  deposits  of  grey  nervous  matter 
situated  in  the  neighbourhood ; such,  for  instance,  as  the  central  grey  matter  of 

COrd’  the  gTe7  centres  of  the  pneumo-gastric  and  glosso-pharyngeal 
!£?  corpora  gemculata  and  other  larger  grey  masses  connected  with  the 
0 n of  the  optic  nerve.  It  would  further  seem  probable  that  certain  fibres  of 
the  nerve-roots  take  then-  origin  in  these  local  deposits  of  grey  matter  whilst 
others  become  continuous  with  the  white  fibres  of  the  spinal  coni  or  encephalon 

7“  the  »■>*«  “0  general 

lentref  ^ 6 ated  m the  mtenor  or  011  surface  of  the  cerebro-spinal 


nmwofiWfcl-miC1  uncftamty  as  to  the  precise  mode  in  which  the 

0r  termmating  in  the  grey  matter  are  related  to 
L S li?  fOT  th®  mof  Part>  mdeed,  individual  fibres  on  being 
further^cruthiv^N'  ma^rl  become  so  hidden  in  the  mass  as  to  elude 
and  nerve-cellsLu  |^C1  theless’  as  a continuity  between  the  nerve-fibres 
examples  bv  m 'v  d £ ?' itter  lias  now  bee*  traced  in  individual 

held  to  be  Lner.fi  L ®®ient  observers,  and  as  such  connections  may  be 
the  obstacles  to  simn  a ganglions,  it  is  not  unfair  to  infer  that,  but  for 
the  mvf1fcl?ation,  the  cells  in  the  grey  matter  of 

Branching  of  Nerve-Trunks,  &c.,  Archives  of  Medicine,  vol.  iv.,  p 127. 
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Three  modes  of  connection  of  cells  with  fibres  fire  described.  1.  From 
a cell,  which  may  have  several  branched  outrunners,  one  stout  unbranched 
process  is  continued  into  a nerve-fibre,  at  first  naked,  and  probably  re- 
presenting only  the  axis-cylinder,  then  acquiring  a medullary  sheath  j 
and  dark  borders,  and  finally  a membranous  tube  or  primitive  sheath 
(fio’s  89  90  p 134).  2.  From  one  or  more  finely  divided  branches  of  a 

cell 'or  of  more  than  one  cell,  equally  fine  fibrils  are  prolonged,  which 
coalesce  into  a pale  fibre,  having  the  characters  of  an  axis-cylmc  er,  w nch 
then,  as  in  the  former  case,  may  in  its  progress  become  a dark-bor- 
dered medullated  fibre.  3.  The  extreme  ramifications  of  a cell  or 
cells,  become  connected,  as  m the  last  case,  with  fibrils,  which  join  into 
a nerve-fibre;  but  the  connection  takes  place  by  the  intervention  of 
small  bipolar  cells,  which  are  by  one  pole  continuous  with  the  branches 
of  the  larger  cell  or  cells,  and  by  the  other  with  fine  fibrils  which  join 
into  a pale  fibre,  or  into  an  axis-cylinder  of  a dark-bordered  fibre 
Gerlach  and  after  him  Waldeyer  and  others,  have  described  this  last 
mode  of  connection,  as  seen  by  them  in  the  cerebellum  The  statement 
also  derives  support  from  the  observations  of  Lockhart  Clarke,  on  the 
structm4  of  the  olfactory  bulb.  Along  with  this  indirect  connection 
through  small  intervening  cells,  Gerlach  supposes  that  a process  or  pro- 
cesses^ the  large  cells  pass  directly  into  nerve-fibres  ; and  should  such 
direct  connection  take  place  by  the  prolongation  of  an  unbranched  cell- 
process  into  a nerve-fibre,  the  arrangement  ™ld  ^ and© go  is  to  ha 
in  the  ganglia : the  simple  origin,  representing  that  of  the  styai  h 
fibre  from  the  ganglion-cell,  whilst  the  ramified  origin,  with  the  inter- 
vening small  cells,  might  be  compared  to  that  of  the  superficial  or  spiral  , 
fibre,  with  its  interposed  nuclei. 

The  primitive  fibril,  me,,  as  ahead, 

S8iXcai  to“cbTZp0Svel,  small’,  nucleated  swelling  on  a peripheral 
fibre  represents  a nerve-cell. 

The  fibres  of  origin  of  a nerve,  whether  deeply  implanted  or  not,  on 
that  membrane 
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parietal  or  adherent  layer  of  the  arachnoid.  The  nerve,  on  escaping 
from  the  skull  or  spine,  acquires  its  external,  stout,  fibrous  sheath, 
which  connects  all  its  funiculi  into  a firm  cord,  and  then,  too,  the  nerve 
appears  much  thicker  than  before  its  exit.  The  dura  mater  accom- 
panies the  nerves  through  the  bony  foramina,  and  becomes  continuous 
with  their  external  sheath  and  (at  the  cranial  foramina)  with  the  peri- 
cranium ; but  the  sheath  does  not  long  retain  the  densely  fibrous 
character  of  the  membrane  with  which  it  is  thus  connected  at  its  com- 
mencement. 


The  arrangement  of  the  membranes  on  the  roots  of  certain  of  the  cranial  nerves 
requires  to  be  specially  noticed. 

The  numerous  fasciculi  of  the  olfactory  nerve  pass  through  their  foramina 
almost  immediately  after  springing  from  the  olfactory  bulb,  and  then  also  receive 
their  neurilemma.  The  bulb  itself,  and  the  intracranial  part  of  the  nerve,  which 
are  to  be  regarded  as  being  really  a prolongation  or  lobe  of  the  brain,  are  invested 
externally  by  the  pia  mater,  but  are  not  fasciculated.  The  arachnoid  membrane 
passes  over  the  furrow  of  the  brain  in  which  this  part  of  the  nerve  lies,  without 
affording  it  a special  investment. 

The  optic  nerve  becomes  subdivided  internally  into  longitudinal  fasciculi  by 
neurilemma  a little  way  in  front  of  the  commissure  : on  passing  through  the 
optic  foramen  it  receives  a sheath  of  dura  mater,  which  accompanies  it  as  far  as 
the  eyeball.  The  acoustic  nerve  becomes  fasciculated,  receives  its  neurilemma, 
and  acquires  a firm  structure  on  entering  the  meatus  auditorius  intemus  in  the 
temporal  bone,  towards  the  bottom  of  which  it  presents  one  or  more  small  gan- 
glionic swellings  containing  the  characteristic  cells.  Up  to  this  point  it  is  destitute 
of  neurilemma,  and  is  of  soft  consistence,  whence  the  name  “portio  mollis” 
applied  to  it. 

The  larger  root  of  the  fifth  pair  acquires  its  neurilemma  and  its  fasciculated 
character  sooner  at  its  circumference  than  in  the  centre,  so  that,  in  the  round 
bunch  of  cords  of  which  it  consists,  those  placed  more  outwardly  are  longer  than 
those  within,  and,  when  all  are  pulled  away,  the  non-fascicular  part  of  the  nerve 
remains  in  form  of  a small  conical  eminence  of  comparatively  soft  nervous 
substance.  » 


Most  of  the  nerves  have  ganglia  connected  with  their  roots.  Thus, 
the  spinal  nerves  have  each  a ganglion  on  the  posterior  of  the  two  roots 
by  which  they  arise  ; and  in  like  manner  several  of  the  cranial,  viz., 
the  fifth,  seventh,  glosso-pharyngeal,  and  pneumo-gastric,  are  furnished 
at  their  roots,  or  at  least  within  a short  distance  of  their  origin,  with 
ganglia  which  involve  a greater  or  less  number  of  their  fibres,  as  de- 
scribed elsewhere  in  the  special  anatomy  of  these  nerves. 

Termination,  or  Peripheral  Distribution,  of  Nerves. — It  may 
be  stated,  generally,  and  apart  from  what  may  apply  to  special  modes 
ot  termination,  that,  in  approaching  their  final  distribution,  the  fibres  of 
nerves,  medullated  and  nommedullated,  commonly  divide  into  branches 
ing.  98) ; and  the  former,  either  before  or  after  division,  generally 
lose  their  medullary  sheath,  and  consequently  their  dark  borders,  and 
J\L\on  . e characters  of  pale  fibres.  The  axis-cylinder  participates  in 
• 1 n 1s|°b,  and  it  might  be  said  that  the  white  fibres  are  represented 
r^v thei  Pr°&reSS  by the  axis-cylinder  and  its  ramifications  ; still, 
Li  J i *7®  S1cath  or  membranous  tube  continues  some  way  along 
ri0laUfCniS  a^ek,  medullary  sheath  has  ceased,  but  may 
j \ n pr  .S6i  f101?’-!  hty  repeated  division  the  fibres  become  smaller 
• i whilst  some  of  the  resulting  small  fibres  may  be 

3 ^ vol  aiC  rea  ^ buntbes  exquisitely  fine  pale  fibrils,  straight, 
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sinuous,  or  somewhat  tortuous  in  their  course.  They  bear  nuclei,  some 
of  which,  no  doubt,  may  appertain  to  the  prolongation  ol  the  primitive 
sheath  ; but  others,  generally  fusiform  and  granular,  are  interposed,  as 

Fig.  98. 


98. — Small  Branch  of  a Muscular  Nerve  of  the  Froo,  near  its  Termina- 
tion, SHOWING  DIVISIONS  OF  THE  FIBRES.  MAGNIFIED  350  DIAMETERS  (Kolllker). 

a,  into  two  ; 5,  into  three. 


it  were,  in  the  course  of  the  fibres,  and  are  continuous  with  them  at 
either  end;  nuclei,  moreover,  of  a triangular  or  irregular  shape  are 
common  at  the  bifurcations  of  the  fibres.  _ These  pale  fibres  often  j 
into  networks ; but  their  further  disposition  in  different  parts  wi 
treated  of  below.  In  the  meantime  it  must  be  explamed  that  the 
original  dark-bordered  fibres  which  thus  undergo  division  and  change, 
or  which  may  proceed  singly  to  end  in  a different  and  sp 
are  commonly  provided  with  a tolerably  strong  sheath  with  nuclei, 
which,  as  it  stands  well  apart  from  the  dark  borders  of  the i fibre,  is  J 
conspicuous.  This  is  sometimes  considered  to  be  only  the  pi  ™ 
sheath  of  the  fibre  modified  in  character,  but  it  seems  more  probable 
that  it  is  derived  from  the  neurilemma  or  penneurium  which  n 
the  fine  bundles  or  funiculi,  and,  as  these  part  into  smallerco  t 
and  single  fibres,  undergoes  a corresponding  division,  and  finally 


sheaths  along  single  fibres.  convenient 

In  further  treating  of  the  termination  of  nerves,  it  will  oe  convt 


to  consider  the  sensory  and  motor  nerves  separately.  least. 

Termination  of  sensory  norvos.-Of  the  . 1 h»« 

non-muscular  nerves,  the  following  modes  of  final  distnbution 


UUUL-I iiUOUiuMi  

b°A.  ^“networks,  or  terminal  plexuses.  Tlicso  are  formed  bv  the 
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branching  and  interjunction  of  the  fibrils  above  described  as  resulting 
from  the  division  of  the  pale  fibres  or  of  the  axis-cylinder  of  the  white 
fibres.  The  meshes  of  the  net  may  be  at  first  wider,  and  the  threads 
or  bundles  of  threads,  larger,  but  from  these,  finer  filaments  forming 
closer  reticulations  proceed,  and  then  sometimes  the  nuclei  become  less 
frequent,  or  disappear.  Such  networks  are  found  in  the  skin,  in  various 
parts  of  the  mucous  membranes,  in  the  cornea,  and  in  various  other 
parts  : they  will  be  most  conveniently  considered  in  the  description  of 
the  organs  to  which  they  belong. 

B.  Sensory  terminal  organs.  Three  varieties  of  these  are  now 
lecognised,  viz.,  end-bulbs , tactile-corpuscles,  and  Pacinian  bodies 
J.hese  have  so  far  a common  structure,  that  in  all  of  them  there 
is  an  inward  pait  or  core  (Innenlcolben,  Germ.)  of  soft,  translucent 
substance  ; an  outer  membranous  capsule  with  pertaining  corpuscles  • 
and,  finally,  one  or  sometimes  more  nerve-fibres,  pale  and°without  dark 
contours,  which  pass  into  the  core  and  apparently  end  with  a free 
usually  somewhat  swollen,  or  knobbed  extremity.  Thus  agreeing  in 

a -ff r.  1?-enlia  and , Probably  essential  structure,  the  terminal  organs 
iffer  chiefly,  or  at  least  most  obviously,  in  their  capsule,  which,  simple 
m the  end-bulbs  becomes  highly  complicated  in  the  Pacinian  bodies  ; 

bPo^^Tf0^  mr  he  tmttT  a?coanfc  of  them  wil1  be  convenient  to 
longer Tnown16  l01mer’  a t l0US'1  tlie  Pacinian  bodies  have  been  much 

flT1^tnUlbSTN0fci- incidentallJ  by  Kolliker,  but  first  investigated 

aS  i Ct-  °rgans  by  W*  Krause>  named  them 
pndLolbm.  Their  figure  m man  and  apes 

is  usually  spheroidal  (fig.  99),  but  oblong  in 
some  quadrupeds.  They  measure  about  -J—th 
of  an  inch  in  diameter,  but  may  exceed  °this 
m length  with  a less  breadth,  when  of  an  oval 
shape.  -they  have  a simple  outer  capsule  of 
connective  tissue,  bearing  nuclei,  and  within 
this  a core  of  clear  soft  matter,  in  which 
specks  resembling  fat-granules  become  visible 
alter  exposure  to  a solution  of  soda.  To  an 
end-bulb  there  proceeds  usually  one,  but  some- 
times two  or  even  three  dark- bordered  nerve- 
hbres  ; and  sometimes  an  originally  single 
brc  divides,  into  two  or  three  immediately 
before  entering  the  corpuscle ; or  several 
branches  of  one  fibre  may  each  run  into  a 
separate  end-bulb.  The  fibre  or  fibres  pass 

into  the  core,  lose  their  dark  borders  and  * ^ • Wlth  two  nerve-fibres 
appear  to  end,  when  their  end*  e™  m!?’  ? for““gcmis within.  2.  With 

in  a bulbous  C™8  can  be  traced,  one  nerve-fibre  and  fat-gra- 

fihrp  AXtremity  01  The  nerve-  nules  in  the  core.  3.  Of  an 

oval  figure  ; termination  of 
nerve  distinct.  Nuclei  on 
the  capsules  of  1 and  2 (from 
Kolliker,  after  a drawing  by 
Liidden). 


Fig.  99. — Three  Nerve- 
end-bulbs  from  the  Human 
Conjunctiva,  treated  with 

ACETIC  ACID,  MAGNIFIED  300 
DIAMETERS. 

1.  With  two  nerve-fibres 


fibre  ivhon  oi  1Ui°o.  Iiie  nerve- 

often  mnoh  t0  ?nte.r  the  corpuscle,  is 

too  with  its  mle  ’ anl  l maI  the  case 
contributes  'S?”  ^ whioh 

termination.  ^Enlbu lbs  Wn  “8,  •?tnal 
found  in  the  DTU..  have  been  hitherto 

the  mucous  membrane  orTth^flnn16  nCl,®rotlc  coat  of  the  eye,  and  in 
and  tongue,  bekm  in  those  ln«f  °r  ^ mouth,  the  lips,  soft  palate, 

o > uem°  111  these  last-mentioned  situations  lodged  in  papillse, 
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or  at  their  roots  (fig.  100) ; also,  more  deeply,  in  the  skin  of  the  glans 
of  the  penis  and  clitoris.* 


A. 


Fig.  100. 


B. 


Fig  100. — End-Bulbs  in  Papilla,  magnified, 

TREATED  WITH  ACETIC  ACID. 

A,  from  the  lips;  the  white  loops  in  one  of 
them  are  capillaries.  B,  from  the  tongue.  Two 
end-bulbs  seen  in  the  midst  of  the  simple  papillae. 
a,  a,  nerves  (from  Kolliker). 


Tactile  corpuscles  or  touch-bodies  (corjiuscula  tactis)  (fig.  101). 


Fig.  101. 


pig  101.— Padillas  from  the  Skin  of  the  Hand,  f^d3J0  diameters. 

Flg  and  exhibiting  the  Tactile  Corpuscles.  Magnified  do  ^ ^ 

a.  Simple  papilla  with  four  nerve-fibres,  a,  Tactecorpu^  > > d fine  elastic  Ida* 

treatedwith  acetic  acid  ; a,  connective  tissue  of  C®erve  with  neurilemma 

ments;  h,  tactile  corpuscle  with  transveise  nude  , > ° papilla  viewed  from 

^perineurium  ; * nerve-fibres  winding  of  papilla;  b nerve-fibre, 

iD;n=  ■ 4 core  (after  Kolliker). 

Discovered  by  R.  Wagner  and  Meissner.  These “ 

* W.  Krause  has  described  peculiar  organs They  axe  various* 
to  the  end -bulbs,  which  he  proposes  to  caU  -ycn  to  nc  1 three  or  fourf  dark 

form,  but  present  a mulberry-bke  ^ One  oi^two,  ^ ^ of  oojjjj 

granular  contents  allied  to  the  core  of 

bulbs. 
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Fig.  102. 


shape,  nearly  ^ of  an  inch  long,  and  of  an  inch  thick.  Within 
is  a core  of  soft,  transparent,  homogeneous  substance,  with  sparsely 
imbedded  granules ; outside,  a capsule  of  connective  tissue,  with  oblong 
nuclei  directed  transversely  to  the  axis  (and  rendered  more  conspicuous 
by  acetic  acid  or  coloration  with  carmine),  which,  with  perhaps 
some  horizontally  wound  fibres,  give  the  corpuscle  somewhat  the 
appearance  of  a miniature  fir-cone.  One,  two,  or  even  more  nerve- 
fibres,  run  to  the  corpuscle,  and  proceeding  straight,  or  with  serpentine 
windings,  approach  the  summit,  up  to  this  point  retaining  their  dark 
borders  ; they  then  pass  into  the  core,  and,  so  far  as  can  be  seen,  end 
as  fine  pale  fibres.  The  touch-corpuscles  are  found  in  the  skin  of  the 
hand  and  foot,  and  one  or  two  other  parts,  where  they  are  inclosed  in 
certain  of  the  cutaneous  papillae  which  usually  include  no  vessels.  It 
maybe  here  observed  that  loops  of  nerves  are  sometimes  seen  in  papillae 
without  touch-bodies,  but  probably  they  belong  to  a nerve  on  its  way 
to  end  in  the  corpuscle  of  a neighbouring  papilla. 

Pacinian  bodies. — In  dissecting  the  nerves  of  the  hand  and  foot, 
certain  small  oval  bodies  like  little  seeds,  are  found  attached  to  their 
branches  as  they  pass  through  the  subcutaneous 
fat  on  their  way  to  the  skin  ; and  it  has  been  ascer- 
tained that  each  of  these  bodies  receives  a nervous 
fibre  which  terminates  within  it.  The  objects 
referred  to  Avere  more  than  a century  ago  described 
and  figured  by  Vater,*  as  attached  to  the  digital 
nerves,  but  he  did  not  examine  into  their  struc- 
ture, and  his  account  of  them  seems  not  to  have 
attracted  much  notice.  In  more  recent  times, 
their  existence  was  again  pointed  out  by  Cru- 
veilhier  and  other  French  anatomists,  as  well  as 
by  Pacini  of  Pisa,  who  appears  to  be  the  first 
writer  that  has  given  an  account  of  the  internal 
structure  of  these  curious  bodies,  and  clearly 
demonstrated  their  essential  connection  with  the 
nervous  fibres.  The  researches  of  Pacini  were 
followed  up  by  Henle  and  Kolliker.f  who  named 
the  corpuscles  after  the  Italian  savant;  and  to 
their  memoir,  as  well  as  to  more  recent  papers, J 
the  reader  is  referred  for  details  that  cannot  be 
conveniently  introduced  here. 

The  little  bodies  in  question  (fig.  102)  are,  as 
already  said,  attached  in  numbers  to  the  branches 
of  the  nerves  of  the  hand  and  foot,  and  here 
and  there  one  or  two  are  found  on  other  cuta- 
neous nerves.  They  have  been  discovered  also 
within  the  abdomen  on  the  nerves  of  the  solar 
plexus,  and  they  are  nowhere  more  distinctly  seen  or  more  conveniently 
o ^aine  oi  examination,  than  in  the  mesentery  of  the  cat,  between 

DilAAn'n7a&  cIe.  p?nse5su  Bartium  Corp.  hum. ; Yitemb.  1741,  (recus.  inHalleri 

+ TTeWdh? It- EjUsd-  Museum  Anatomicum ; Helrnst.  1750. 

t Ueber  die  Pacimschen  Korperchen  ; Zurich,  1S44. 

and  ZeitemfJr'it  ^m°' a'  ot"  .^nat-  „ ^ Krause,  Anat.  Untersuchungen  ; Hannover,  1861, 

Michelsmi  ^SchulWn'  H*-1863^  T*  Engelmann,  Zeits.  f.'  Wis’s.  Zool.  xiii!  ISOs! 
jg-g  ’ Archiv,  v.  1869.  Axel  Key  and  Itetzius,  Schultze’s  Archiv,  ix. 


Fig, 


102. — A’  Nerve 
of  the  Middle 
Finger,  -with  Paci- 
nian Bodies  at- 
tached. Natural 
size  (after  Henle 
and  Kolliker). 
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the  layers  of  which  they  exist  abundantly.  They  have  been  found  on 
the  pudic  nerves  in  the  glans  penis  and  bulb  ol  the  urethra,  on  the 
intercostal  nerves,  sacral  plexus,  cutaneous  nerves  of  the  upper  arm 
and  neck,  and  on  the  infraorbital  nerve. . Lately  they  have  been 
recognised  on  the  periosteal  nerves,  and,  in  considerable  numbers, 
on  the  nerves  of  the  joints.  They  are  found  in  individuals  of  all  ages. 
The  figure  of  these  corpuscles  is  oval,  somewhat  like  that  ol  a gram  ol 
wheat, — regularly  oval  in  the  cat,  but  mostly  curved  or  remform  in 
man,  and  sometimes  a good  deal  distorted.  Their  mean  size  111  the 
adult  is  from  y^th  to  Jgth  of  an  inch  long,  and  from  -^gth  to  ^th  of: 
an  inch  broad.  They  have  a whitish,  opaline  aspect  : m the  cats 
mesentery  they  are  usually  more  transparent,  and  then  a white  line 
may  be  distinguished  in  the  centre.  A slender  stalk  or  peduncle 
attaches  the  corpuscle  to  the  branch  of  nerve  with  which  it  is  connected. 
The  peduncle  contains  a single  medullated  nerve-fibre  ensheathed  m 


Fig.  103. 


F;„  103.— a,  Magnified  View  of  a Pacinian  Body  from  the  Mesentery  oiiCtf 
a drawing  by  Professor  Marshall),  showing  the  lamellar  structure,  the  capsules  iv it 
their1  nuclei  (the  inner  and  closer  series  of  capsules  appearing  darker  in  the  figure)  the 
r!prve-fibre  passing  along  the  peduncle,  and  penetrating  the  capsules  to  reach  the  c°re 

, , epntral  cavity  where  it  loses  its  strong,  dark  outline,  and  terminates  by  an  ° 
the  central  cavity,  w^  ^ dilated  cnd  of  the  cavity.  Connective  tissue  (neurilemma 

or  Perineurium)  and  blood-vessels  are  represented  in  the  peduncle  and  tortuous  capi  1 

£ b!  fib«  “eu^th.  core^and  capsales,  is  bifurcated. 
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neurilemma,  with  connective  tissue  and  one  or  more  fine  blood-vessels  ; 
it  joins  the  corpuscle  at  or  near  one  end,  and  conducts  the  nerve-fibre 
into  it.  The  little  body  itself,  examined  under  the  microscope,  is  found 
to  have  a beautiful  lamellar  structure  (fig.  103,  a).  It  consists,  in  fact, 
of  numerous  concentric  membranous  capsules  encasing  each  other  like 
the  coats  of  an  onion,  with  a small  quantity  of  pellucid  fluid  included 
between  them.  Surrounded  by  these  capsules,  and  occupying  a 
cylindrical  cavity  in  the  middle  of  the  corpuscle,  is  the  core,  formed  of 
transparent  and  homogeneous  soft  substance,  in  the  midst  of  which  the 
prolongation  of  the  nerve-fibre  is  contained.  The  number  of  capsules 
is  various ; from  forty  to  sixty  maybe  counted  in  large  corpuscles. 
The  series  immediately  following  the  central  or  median  cavity,  and 
comprehending  about  half  of  the 
entire  number,  are  'closer  together 
than  the  more  exterior  ones,  seeming 
to  form  a system  by  themselves, 
which  gives  rise  to  a white  streak 
often  distinguishable  by  the  eye 
along  the  middle  of  the  corpuscles 
when  seen  on  a dark  ground.  Out- 
side of  all,  the  corpuscle  has  a coating 
of  ordinary  connective  tissue.  The 
capsules,  at  least  the  more  superficial 
ones,  consist  each  of  a thin  lamella 
of  an  almost  homogeneous  or  faintly 
striated  appearance,  with  a reticulum 
of  exquisitely  fine  fibres,  probably  of 
an  elastic  nature,  on  the  outer 
surface.  On  the  inner  surface  of 
each  lamella  a number  of  clear 
oval  nuclei  are  to  be  seen,  and 
treatment  with  nitrate  of  silver 
shows  these  to  belong  to  a delicate 
layer  of  flattened  epithelioid  cells 
(fig.  104),  lining  each  successive 
capsule  (Hoyer).  It  is  thus  seen 
that  in  intimate  structure  the  cap- 
sules correspond  very  closely  to  the 
lamellae  of  which  the  neurilemma  of 
the  nerve,  before  described,  is  com- 
posed. 

The  nerve  fibre,  the  disposition 
of  which  must  now  be  noticed,  is 
conducted  along  the  centre  of  the 
stalk,  enters  the  corpuscle,  and  passes 
straight  into  the  central  cavity,  at 
the  further  end  of  which  it  termi- 
nates. The  neurilemma  surrounding  the  nerve-fibre  in  the  peduncle 
accompanies  it  also  in  its  passage  through  the  series  of  capsules, 
gia  ua  y decreasing  in  thickness  as  it  proceeds,  and  ceasing  alto- 
ge  er.  when  the  nerve  has  reached  the  central  cavity.  According 
o I acini,  the  neurilemma  forms  a series  of  concentric  cylindrical  layers, 
w nch  successively  become  continuous  with,  or  rather  expand  into  the 


Fig.  104. 


Fig.  104.— Pacinian  Corpuscle  from 
Mesentery  of  Cat  ; stained  with 
Nitrate  of  Silver.  Magnified. 

The  epithelioid  cells  of  the  outermost 
capsule  are  shown,  and  their  continuity, 
at  the  peduncle,  with  those  of  the  cor- 
responding layer  of  the  neurilemma  (from 
a drawing  by  Mr.  Gl.  C.  Henderson). 
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capsules,  the  innermost,  of  course,  advancing  farthest.  Others  suppose 
that  the  capsules  are  all  successively  perforated  by  a conical  channel 
which  gives  passage  to  the  nerve  with  its  neurilemma,  but  at  the  same 
time  has  its  own  proper  wall,  round  which,  on  the  outside,  the  capsules 
are  attached.  We  must,  however,  adhere  to  Pacini’s  view,  haying  in 
silvered  preparations  observed  the  layers  of  epithelioid  cells  lining  the 
capsules  to  be  directly  continuous  with  those  of  the  neurilemma. 

The  nerve-fibre  is  single,  as  it  runs  along  the  peduncle,  unless  when 
the  latter  supports  two  corpuscles  ; it  retains  its  dark  double  contour 
until  it  reaches  the  central  cavity,  where,  diminished  in  size,  and  freed 
from  its  perineurium,  it  becomes  somewhat  flattened,  and  presents  the 
appearance  either  of  a pale,  finely  granular,  and  very  faintly  outlined 
band  or  stripe,  little  narrower  than  the  previous  part  of  the  fibre,  or  of 
a darker  and  more  sharply  defined  narrow  line;  differing  thus  in  appear- 
ance according  as  its  flat  side  or  its  edge  is  turned  towards  the  eye. 
The  pale  aspect  which  the  fibre  presents  in  the  centre  of  the  corpuscle 
has  with  some  probability  been  ascribed  to  its  losing  the  white  sub- 
stance or  medullary  sheath  on  entering  the  cavity.  Henle  and  Kolliker, 
however,  think  that  it  is  more  likely  the  result  merely  of  a diminution 
in  size,  together  with  a certain  degree  of  flattening.  It  sometimes 
happens  that  the  fibre  regains  its  original  magnitude  and  double  con- 
tour for  a short  space,  and  changes  again  before  it  terminates  ; this  is 
especially  liable  to  occur  while  it  passes  through  a sharp  flexure  m a 
crooked  central  cavity.  The  fibre  ends  by  a sort  of  knob  at  the  further 
extremity  of  the  median  cavity,  which  is  often  itself  somewhat  dilated. 
The  knob,  often  finely  granular,  appears  to  be  an  expansion  of  the 
axis-cylinder,  and  is  sometimes  of  considerable  size.  It  may  present  an 
irregular  shape  with  processes  branching  outwards  from  the  sides,  and 
in  such  cases  has  been  taken  to  represent  a nerve-cell ; but  the 
characteristic  nucleus  of  the  latter  is  absent.  _ The  ultimate  destination 
of  the  processes  is  unknown.  The  axis-cylinder  presents  the  usual 
longitudinal  fibrillation  as  it  passes  through  the  core,  and  the  fibrils 
become  somewhat  spread  out  as  they  pass  into  the  terminal  expansion. 
In  many  cases  the  fibre,  before  terminating,  divides  into  two  branches, 
as  represented  in  figure  103,  B. : a division  into  three  has  been  observed, 
but  this  is  very  rare.  In  case  of  division  of  the  fibre,  the  cavity  is 
generally,  but  not  invariably,  divided  in  a corresponding  . measure, 
and  the  inner  capsules  present  a figure  in  keeping  with  it.  1 is 
worthy  of  remark,  that  the  nerve-fibre  in  its  course  along  the  cavity 
runs  almost  exactly  in  the  axis  of  the  channel,  and  it  maintains  tin 
position  even  when  passing  through  the  aorupt  flexures  of  an  megu- 
larly  shaped  cavity.  It  sometimes  happens  that  a fibre  passes  fiul 
through  one  corpuscle  and  terminates  in  a second,  resuming  i 
original  size  and  dark  outline  while  passing  from  the  one  to  the  other; 
and  it  is  said  that  a nerve-fibre  may  go  through  two  Pacinian 
bodies  without  terminating  in  either,  returning  again  to  the  par 
nerve  in  form  of  a loop  (Pappenheim).  Other  Varieties  oc  , 
for  an  account  of  which  the  reader  is  referred  to  the  severe 
authorities  already  mentioned  A little  arteryentersthe  P^1  ^ 
bodies  along  with  the  nerve,  and  soon  divides  into  capillary  branches, 
which  run  up  between  the  capsules.  They  then  form  loops, , ■* 
return  by  a similar  route  into  a vein  corresponding  to  the  ait  • 
single  capillary  usually  accompanies  the  nerve  as  far  as  the  ce 
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capsule,  and  passes  some  way  on  its  wall,  sometimes  in  a spiral  direc- 
tion (Bowman). 

There  is  considerable  difference  of  opinion  as  to  the  condition  of  the  nerve- 
fibre  in  the  Pacinian  body.  Kolliker  thinks  that  it  retains  its  primitive  sheath, 
and  is  not  wholly  deprived  of  its  medulla  ; and  that  the  surrounding  core  is  com- 
posed of  a nearly  homogeneous  connective  tissue,  in  which  he  has  seen  faintly 
marked  nuclei  and  faint  longitudinal  striation .*  Engelmann,  on  the  other  hand, 
considers  the  core  to  be  an  expansion  of  the  medullary  sheath  of  the  nerve,  and 
ascribes  the  appearances  noticed  by  Kolliker  to  changes  occurring  in  the  originally 
homogeneous  medulla,  as  in  the  case  of  a white  nerve-fibre.  The  pale  fibre 
within  he  considers  to  be  simply  the  axis-cylinder.  The  core  and  pale  fibre  of 
the  end-bulbs  he  regards  in  precisely  the  same  way,  and  thinks  it  not  improbable 
that  the  touch-corpuscles  will  be  found  to  conform.  He  looks  upon  the  simple 
capsule  of  the  end-bulb  as  a development  of  the  primitive  nerve-sheath,  to  which, 
in  the  Pacinian  bodies,  is  superadded  a series  of  concentric  coats  of  connective 
tissue.  Engelmann,  besides  adducing  other  arguments,  refers  especially  to  the 
structure  of  the  Pacinian  bodies  of  birds,  as  affording  material  evidence  in  support 
of  his  view. 

To  us  the  core  of  the  Pacinian  corpuscle  seems  most  nearly  to  correspond, 
in  its  anatomical  relations  with  the  protoplasmic  layer  which  Ranvier  has 
described  as  existing,  especially  in  young  nerves,  between  the  primitive  sheath 
and  the  medullary  sheath  of  the  nerve-fibre,  in  which  case  the  innermost 
capsule  of  the  Pacinian,  with  its  nuclei,  would  answer  to  the  nucleated  sheath 
of  Schwann  or  primitive  sheath  of  the  nerve.  For  in  the  first  place  there 
can  be  little  doubt  that  the  capsules  are  expansions  of  the  lamellae  of  the 
neurilemma,  with  which  they  agree  essentially  in  structure.  In  the  second 
place,  we  have  never  been  able  to  observe  any  structure  resembling  a primitive 
sheath  immediately  surrounding  the  nerve  as  it  passes  through  the  core.  We 
have,  however,  more  than  once  observed  a nerve-fibre  pass  through  one  Pacinian 
to  end  in  another,  without  at  all  being  divested  of  its  medullary  sheath  as  it 
traversed  the  core  of  the  first.  In  such  cases,  as  well  as  in  others,  in  which  the 
medullary  sheath  is  retained  for  a certain  distance  within  the  core,  it  is  easy  to 
see,  in  opposition  to  Engelmann’s  view,  that  the  substance  composing  the  core 
presents  a marked  contrast  to  the  medullary  sheath.  Neither  is  it,  like  the  latter, 
deeply  coloured  by  osmic  acid  (Michelson)  or  by  chloride  of  gold,  but,  on  the 
contrary,  is  only  moderately  stained  by  these  re-agents. 

Nothing  positive  is  known  concerning  the  special  purpose  in  the  animal 
economy  which  these  curious  appendages  of  the  nerves  are  destined  to  fulfil.  In 
an  anatomical  sense  a Pacinian  body  might  be  viewed  as  a more  complex  develop- 
ment of  an  end-bulb,  from  which  it  differs  chiefly  in  the  multiplied  layers  of  the 
capsule.  W.  Kiause  endeavours  to  show  that  the  series  of  concentric  capsules 
with  interposed  fluid  is  an  arrangement  for  converting  the  effect  of  mechanical 
traction  into  fluid  pressure  upon  the  nerve,  so  that  tension  and  traction  of  the 

sue  m which  the  corpuscle  is  placed,  may  be  felt  and  appreciated  as  ordinary 
pressure  Their  presence  in  the  mesentery  of  the  cat  seems,  at  first  sight, 
against  then  importance  as  sentient  organs,  but  it  turns  out  upon  trial,  that  the 
part  m question  is  remarkably  sensitive. 


• ^lei  special  inodes  of  termination  of  sensory  nerves  as,  for  instance, 
m e organs  of  special  sense,  will  be  most  conveniently  considered  in 
the  description  of  the  organs  to  which  they  belong. 

rrmCninlni:T?a^011  0:f  nerves  i11  muscle : — A.  In  plain  or  unstriped 
' ca  ??  anc^  a^ter  l1™,  Klebs  and  others,  have  described  the 
upfwnrK10?6  ^le  ^nv°luntary  fibres  as  finally  distributed  in 

wm-l-Q  non-medullated  fibres,  with  nuclei  at  intervals.  The  net- 
c a hist  coarse,  and  from  them  proceed  finer  bundles  and 

See  also  Axel  Key  and  Retzius,  loc.  cit. 
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single  fibrils,  forming  closer  reticulations,  and  constituting  the  intra- 
muscular plexus,  which  is  disposed  amongst  the  muscular  iasciculi  and 
fibre-cells. 

Ivlebs  states  that  in  a single  instance  only  he  was  able  to  trace  an 
apparent  connection  of  a nerve  with  a fibre-cell.  According  to  Julius 
Arnold,  on  the  other  hand,  excessively  fine  straight  fibrils  come  oil 
at  right  "angles  from  the  nerves  between  the  cells,  to  be  connected 
with  the  nucleoli  of  the  muscular  fibre-cells,  through  the  substance 
of  which  they  are  said  to  pass. 

53.  In  voluntary  muscle. — The  nerves  of  voluntary  muscles  tciminatc 
for  the  most  part  in  special  expansions,  to  which  the  term  motorial 

end-plates  has  been  applied.  . 

As  mentioned  in  the  account  of  the  muscular  tissue,  the  ncives  in. 
the  voluntary  muscle  form  plexuses,  of  which  the  branches  grow  finer 
and  the  meshes  closer  as  they  advance  further  into  the  tissue.  1 ie 
individual  fibres,  while  still  associated  in  small  bundles,  undeigo  divi- 
sion, and  at  length  single  dark-bordered  fibres  pass  off  to  the  muscular 
fibres.  These  nerve-fibres  on  approaching  or  reaching  a muscular  n re 
often  divide  still  further.  The  branches  retain  their  medullary  sheath 
until  they  reach  the  sarcolemma,  when  it  abruptly  terminates,  while  the 
primitive  sheath  becomes  continuous  with  the  sarcolemma  (fig-  1 °>  s)- 
The  axis-cylinder  as  it  passes  into  the  fibre  forms  a clear  flattened 
expansion  ( p,  p.)  which  lies  immediately  under  the  sarcolemma,  and, 
according  to  Kuhne,  is  always  more  or  less  cleft  into  lobes  or  branches. 

Around  and  beneath  this  expansion  is  a layer  of  granular  matter 
with  large,  clear  nuclei  imbedded  in  it,  each  having  one  or  more  bright 


Fig.  105. 


Fig. 


105_ Nerve-Ending  in  Muscular  Fibre  of  a Lizard.  (Lacerta  viridis.) 


_(1  „late  Seen  edgeways  ; b,  from  the  surface.  5,  «,  Sarcolemma  ; p,  p,  expansion  of 
cylinder!  In  b the  expansion  of  the  axis-cylinder  appears  as  a clear  network  branching 
from  the  divisions  of  the  medullated  fibre.  Highly  magnified  (from  Kuhne). 

nucleoli  The  sarcolemma  over  the  seat  of  the  end-plate  and  the  plate 
Leif  are  slightly  raised  above  the  general  surface,  so  that  the  whole 
r ll  hns  becn  designated  by  Kuhne  as  the  nerve-eminence  (Nerven- 

» muscular  fibre,  when  short,  has  hut  one 
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terminal  organ,  and  receives  consequently  but  one  nerve-fibre.  As, 
moreover,  the  fibres  of  a nerve  undergo  division,  probably  repeated 
division,  before  ending,  it  fol- 


lows that  one  fibre  in  a nerve- 
root  or  trunk  may  supply 
several  muscular  fibres. 
Longer  muscular  fibres  have 
two  or  more  end-plates. 

The  motorial  end-plates  have 
now  been  recognised  in  mamma- 
lia, birds,  and  scaly  reptiles.  They 
were  discovered  by  Rouget*  in 
lizards  and  warm-blooded  animals ; 
they  had  been  previously  found, 
but  in  a modified  form,  by  Doyere 
and  others  in  various  invertebrata. 

In  amphibia  (fig.  106)  there  is 
no  true  end-plate,  but  the  branches 
resulting  from  the  division  of  the 
medullated  nerve  lose  their  medul- 
lary sheath  on  penetrating  the 
sarcolemma,  and  are  continued  as 
pale  fibres.  These  give  off  branches 
which  run  for  a short  distance 
parallel  with  the  axis  of  the  fibre 
between  the  sarcolemma  and  the 
muscular  substance,  terminating 
abruptly  by  rounded  extremities. 
These  pale  fibres  present  here  and 
there  slight  enlargements,  con- 
nected with  which  are  granular, 
pear-shaped  nuclei  (5),  not  to  be 
confounded  with  the  proper  nuclei 
of  the  muscle  (<?).  A fine  tortuous 
fibril  is  stated  by  Kuhne  to  be 
given  off  from  the  pale  fibre  to 
each  of  these  granular  nuclei,  and 
to  terminate  in  it  by  a bulbous 
enlargement. 

The  above  account  may  be  taken 
as  the  one  most  in  accordance 
with  the  more  recent  researches 
on  the  subject,  and  as  probably, 
on  the  whole,  correct.  It  is, 
however,  only  right  to  state  that 
the  existence  of  the  end-plates  has 
been  lately  called  in  question  by 
Gerlach,  who  from  the  study  of 
muscular  fibres  prepared  with 
chloride  of  gold  has  arrived  at 
the  conclusion  that  the  axis-cylin- 
der of  the  nerve  after 
the 


Fig.  106. 


through 


passing 
sarcolemma  forms 


Fig.  106. — Nerve-Ending  in  Muscle  of  Frog 
(Kuhne). 

a,  one  of  the  branches  of  the  medullated  fibres 
passing  within  the  sarcolemma  ; b,  b,  granular 
pear-shaped  nuclei ; c,  c,  nuclei  of  primitive 
sheath  ; e,  muscle  nuclei. 

a close  network  of  minute  varicose  fibrils 


f rat" °M 0(1° wb u ' t! -mo r t?  Se,°  als°  Knuise>  Stinger  Nachrichten  und  Zeitsch. 

Khhne  Vhch  Trr  Enge  man?’  Unters:  ™ber  d.  Zusammenh,  &c.,  1S63  : 

where  also  a comnlet'p  ip™  U + P^P®rs)>and  article  in  Strieker’s  Handbook  of  Histology, 
where  also  a complete  account  of  the  history  and  literature  of  the  subject  will  be  found. 
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throughout  the  muscular  substance,  with  which  they  are  closely  incorporated 
(Sitz.  der  Phys.  Med.  Soc.  z.  Erlangen,  1873).  _ Another  observer,  Arndt,  who 
admits  the  existence  of  the  end-plate,  describes  in  addition  a complex  system  of 
communicating  fibres  which  extend  throughout  the  musculai  substance,  and  by 
means  of  which  the  plate  is  brought  into  connection  with  the  muscle  corpuscles 
and  nuclei  (Schultze’s  Archiv  f.  micr.  Anatomie,  ix.). 

Differences  of  cerebro-spinal  nerves. — It  remains  to  notice  the 
differences  which  have  been  observed  among  the  cerebro-spmal  neives 
in  regard  to  the  size  of  their  fibres,  and  the  proportionate  amount  of 
the  different  kinds  of  fibres  which  they  respectively  contain. 

As  already  stated,  both  white  and  grey  fibres  exist  in  cerebro-spmal  nerves,  and 
those  of  the  former  kind  differ  greatly  from  each  other  m size.  Volkmann  and 
Bidder,  who  have  bestowed  much  pains  in  endeavouring  to  arrive  at  an  approxi- 
mate estimate  of  the  relative  amount  of  the  large  and  the  small  fibres  in  different 
nerves,  give  the  following  as  the  more  important  results  of  their  researches. 

1.  The  nerves  of  voluntary  muscles  have  very  few  small  fibres,  usually  m not 

larger  proportion  than  about  one  to  ten.  . ..  , . » 

2 In  the  nerves  of  involuntary  muscles,  whether  derived  imm< ^ateiy  from 
the  cerebro-spinal  system  or  from  the  sympathetic,  the  small  fibres  eminently 

*»»•  »»»  -ah  - »"* 

aS™NKvesof  sentient  parts  of  mucous  membranes  hare  from  *re  to  twe^ 
times  more  small  fibres  than  large  : in  mucous  membranes  possessing  httle  sensi- 
bility, the  nerves  are  made  up  chiefly  of  small  fibres.  The  nerves  which  enter 

the  cavities  of  the  teeth  consist  principally  of  large  fibres 

It  is  plain  however,  that  Volkmann  and  Bidder  must  have  reckoned  m with 
their  small  fibres  more  or  fewer  of  the  non-medullated  sorb, so  that 
tion  assigned  to  the  small  fibres  in  their  estimate  must  be  taken  as  including 
fome TeT  as  weH  aS  white  fibres  ; and  this  agrees  with  the  observation  pre- 
viously made  by  Remak,  that  many  more  grey  fibres  axe  contained  in  e c 
Teous  than  in  the  muscular  nerves.  The  roots  of  the  spinal  nerves^nt^  fine 
fibres,  but  according  to  Remak  only  in  very  small  ProPor^^al^“^lar,e 
Bidder  state  that  in  man  the  anterior  roots  contain  proportionally  more  large 
fibres  than  the  posterior.  In  almost  all  nerves,  the  fibres  dimmish  m size  as  they 
approach  their  termination. 

The  peculiarities  of  some  of  the  cranial  nerves,  such  as  the  olfactory 
and  auditory,  have  been  already  alluded  to  and  need  not  be  fmther 
considered  here. 

OF  THE  SYMPATHETIC  OR  GANGLIONIC  NERVES. 

This  name  is  commonly  applied  to  a nerve  or  system  of  nerves 
present  on  both  sides  of  the  body,  and 

rmrts  viz  • 1 A series  of  ganglia,  placed  along  the  spinal  column  y 

the  side  of  the  vertebrae,  connected  with  each  other  by  an  in  ei me 

nerve-cord,  and  extending  upwards  to  the  base  of  the  sk 

wards  “s  &r  as  the  coccyL  This  principal  chain  of  ganglia,  with  the 

cord  connecting  them,  forms  what  is  Act  theSe  ganglia 

sympathetic.  2.  Communicating  branches,  which  conn  » uiai 

ov  the  intermediate  cord  with  all  the  s m g™ £ Xta'or 
nerves.  3.  Primary  branches  passing  off  nom  the  » d o.ene. 

trunk  of  the  nerve,  and  either  bestowing  themselves  at  once, ^ f d 
IX  in  form  of  plexuses,  on  the  neighbouring  blood-vessd^ghmda, 
and  other  organs,  or,  as  is  the  case  with  the  greater  number,  proceed* 


•to 
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in  the  first  instance  to  other  ganglia  of  greater  or  less  size  (sometimes 
named  prse-vertebral)  situated:  in  the  thorax,  abdomen,  and  pelvis,  and 
usually  collected  into  groups  or  coalescing  into  larger  ganglionic  masses 
near  the  roots  of  the  great  arteries  of  the  viscera.  4 -Numerous  plex- 
uses of  nerves,  sent  off  from  these  visceral  or  pr^-Yertebral  ganglia  to 
the  viscera,  usually  creeping  along  the  branches  of  aitenes,  and  con- 
taining in  various  parts  little  ganglia  disseminated  among  them.  Some 
of  these  plexuses  also  receive  contributions  from  spin  a or  cerebral 
nerves,  by  means  of  branches  which  immediately  proceed  to  them  without 
previously  mining  the  main  series  of  ganglia. 

Structure  of  the  sympathetic  nerve-trunks.  — The  nervous 
cords  of  the  sympathetic  consist  of  white  fibres,  and  of  pale  or  grey 
fibres,  mixed  with  a greater  or  less  amount  of  filamentous  connective 
tissue,  and  inclosed  in  a common  external  fibro-areolar  sheath.  Ine 
white  fibres  differ  greatly  from  each  other  in  thickness.  A few  are  of 


large  size,  ranging  from  ? 0Vo  t°  rxVo 


of  an  inch  : but  most  of  them 


XOjL  O fjX/JVyy  X ^ 2 U U U AOVJU  p • i • 

are  much  smaller,  measuring  from  about  aToir  to  twoo  ot.  an  inch  m 
diameter,  and,  though  having  a well-defined  sharp  outline,  tor  the 
most  part  fail  to  present  the  distinct  double  contour  seen  in  the  larger 
and  more  typical  examples  of  the  medullated  fibre.  The  pale,  non- 
medullated  fibres,  have  the  characters  of  Remak’s  grey  fibres,  already 
described,  and  often  look  as  if  made  up  of  exquisitely  fine  fibrils ; 
there  are  also  pale  fibres  of  much  less  thickness,  which,  at  short  dis- 
tances, are  interrupted  by,  or  might  be  said  to  swell  out  into,  fusi- 
form nuclei.  The  fibres  are  in  the  large  trunks  collected  into  bundles  or 
funiculi,  the  proper  sheath  of  which,  or  neurilemma,  agrees  in  structure 
with  that  met  with  in  the  cerebro-spinal  nerves  {vide  antea,  p.  140). 

The  more  grey-looking  branches  or  bundles  of  the  sympathetic 
consist  of  a large  number  of  the  pale  fibres  mixed  with  a few  of  the 
medullated  kind  ; the  whiter  cords,  on  the  other  hand,  contain  a pro- 
portionally large  amount  of  medullated  fibres,  and  fewer  of  the  grey ; 
and  in  some  parts  of  the  nerve  grey  fasciculi  and  white  fasciculi,  re- 
spectively constituted  as  above  described,  run  alongside  of  each  other  in 
the  same  cords  for  a considerable  space  without  mixing.  This  arrange- 
ment may  be  seen  in  some  of  the  branches  of  communication  with  the 
.spinal  nerves,  in  the  trunk  or  cord  which  connects  together  the  principal 
chain  of  ganglia,  and  in  the  primary  branches  proceeding  from  thence 
to  the  viscera.  In  the  last-mentioned  case  the  different  fasciculi  get 
more  mixed  as  they  advance,  but  generally  it  is  only  after  the  white 
fasciculi  have  passed  through  one  or  more  ganglia  that  they  become 
thoroughly  blended  with  the  grey ; and  then,  too,  the  nervous  cords 
receive  a large  accession  of  grey  fibres  (apparently  derived  from  the 
ganglia),  which  are  mixed  up  with  the  rest,  and  take  off  more  and  more 
from  their  whiteness. 


Relation  of  the  sympathetic  to  the  cerebro-spinal  nerves. — On  this  impor- 
tant question  two  very  different  opinions  have  long  existed,  in  one  modification  or 
another,  amongst  anatomists.  1.  According  to  one,  Which  is  of  old  date,  but 
which  has  been  revived  and  ably  advocated  by  Valentin,  the  sympathetic  set  of 
nerves  is  a mere  dependency,  offset,  or  embranchment  of  the  cerebro-spinal  system 
of  nerves,  containing  no  fibres  but  such  as  centre  in  the  brain  and  cord,  although 
it  is  held  that  these  fibres  are  modified  in  their  motor  and  sensory  properties  in 
passing  through  the  ganglia  in  their  way  to  and  from  the  viscera  and  involun- 
tary organs.  2.  According  to  the  other  view,  the  sympathetic  nerve  (commonly 
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so  called)  not  only  contains  fibres  derived  from  the  brain  and  cord,  but  also  pro- 
per or  intrinsic  fibres  which  take  their  rise  in  the  ganglia  ; and  in  its  com- 
munications with  the  spinal  and  cranial  nerves,  not  only  receives  from  these 
nerves  cerebro-spinal  fibres,  but  imparts  to  them  a share  of  its  own  proper  gan- 
glionic fibres,  to  be  incorporated  in  their  branches  and  distributed  peripherally 
with  them.  Therefore,  according  to  this  latter  view,  the  sympathetic  nerve, 
commonly  so  called,  though  not  a mere  offset  of  the  cerebro-spinal  nerves,  yet, 
receiving  as  it  does  a share  of  their  fibres,  is  not  wholly  independent,  and  for  a 
like  reason  the  cerebro-spinal  nerves  (as  commonly  understood)  cannot  be  con- 
sidered as  constituted  independently  of  the  sympathetic  ; in  short,  both  the 
cerebro-spinal  and  the  sympathetic  are  mixed  nerves,  that  is,  the  branches  of 
each  system  consist  of  two  sets  of  fibres  of  different  and  independent  origin,  one 
connected  centrally  with  the  brain  and  cord,  the  other  with  the  ganglia.  Hence, 
if  we  look  to  the  central  connection  of  their  fibres  as  the  essential  ground  of  dis- 
tinction among  nerves,  the  cerebro-spinal  system  of  nerves  might,  strictly  speak- 
ing, be  considered  as  consisting  of  and  comprehending  all  the  fibres  having  their 
centre  in  the  cerebro-spinal  axis,  whether  these  fibres  run  in  the  nerves  usually 
denominated  cerebral  and  spinal,  or  are  distributed  to  the  viscera  in  the  branches 
of  the  nerve  usually  named  the  sympathetic  ; and,  on  the  same  ground,  the  sym- 
pathetic or  ganglionic  system,  strictly  and  properly  so  called,  would  consist  of 
and  comprehend  all  the  fibres  connected  centrally  with  the  ganglia,  wherever 
such  fibres  exist  and  into  whatever  combinations  they  enter,  whether  proceeding 
to  the  viscera  or  distributed  peripherally  with  the  nerves  of  the  body  generally  ; 
the  nerve-fibres  which  emanate  from  the  ganglia  on  the  roots  of  the  spinal  and 
cerebral  nerves  being  reckoned  into  the  system,  as  well  as  those  from  ganglia, 
usually  denominated  sympathetic.  While  ready,  however,  to  acquiesce  in  the 
justice  of  the  above  distinction,  we  do  not  mean  to  employ  the  terms  already  in 
use  in  a sense  different  from  that  which  is  currently  received. 

In  endeavouring  to  decide  between  the  two  views  above  stated,  it  may  be  first 
observed  that  the  existence  in  the  sympathetic  nerve  of  fibres  connected  centrally 
with  the  cerebro-spinal  axis,  is  proved  not  only  by  tracing  bundles  of  fibres  from 
the  roots  of  the  spinal  nerves  along  the  communicating  branches  and  into  the 
sympathetic,  but  by  the  pain  or  uneasy  sensations  which  arise  from  disease  or 
disturbance  of  organs,  such  as  the  intestines,  supplied  exclusively,  or  almost 
exclusively,  by  what  are  considered  branches  of  the  sympathetic  ; by  experiments 
on  living  or  recently  killed  animals,  in  which  artificial  irritation  of  the  roots  of 
the  spinal  nerves,  or  of  various  parts  of  the  cerebro-spinal  centre,  caused  move- 
ments of  the  viscera  ; and  by  experiments  on  the  sympathetic  nerve  in  the  neck, 
by  which  it  is  shown  that  the  dilatation  of  the  pupil  and  the  tonicity  of  the 
cutaneous  vessels  of  the  head  are  dependent  on  fibres  which  pass  along  the 
sympathetic  nerve  but  are  centrally  connected  with  the  upper  part  of  the  spmal 

cord  and  medulla  oblongata.  , . _ . . 

These  facts,  it  is  evident,  accord  with  both  of  the  above-mentioned  opinions 
respecting  the  constitution  of  the  sympathetic;  but  it  may  be  further  shown 
that  this  nerve  contains  fibres  which  arise  from  the  ganglia  and  take  a peripheral 
course,  so  that  the  second  of  the  two  Opinions  approaches  nearer  to  the  truth. 
In  support  of  this  assertion  we  may  adduce  the  actual  observation  o nerve-  res 
proceeding  from  the  nerve-cells  of  the  ganglia  in  a peripheral  direction  only ; 
and  there  are  also  other  grounds  for  believing  that  more  fibres  pass  ou  o 
sympathetic  ganglia  than  can  possibly  be  derived  from  the  bram  and  cord.  Tins 
2 to  follow  from  a comparison  of  the  aggregate  size  of  the  ^tnburional 
branches  issuing  from  these  ganglia  with  that  of  all  the  branches  which  can  be 

simposed  to  enter  them.  , • , _ j 

The  branches  of  communication  which  pass  between  the  gang  a or  gang 
cord  of  the  sympathetic  and  spinal  nerves,  are  connected  with  the  ^n  ^or  a 
greater  branch  of  each  of  the  latter  nerves,  a little  m advice  o the  i spmrf 
ganglion ; and  at  the  point  of  connection  the  commmncatmg  branch .in 
cases  divides  into  two  portions,  one  central,  running  towaids  the 
:pTal  nS-e  and  the  spinal  cord,  the  other, 

along  with  the  anterior  branch  of  the  spmal  nerve  with  which  it  becomes  mco 
porafed  and  distributed.  It  can  scarcely  be  doubted  that  the  central  portion, 
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whilst  it  may  contain  fibres  sent  by  the  sympathetic  to  the  spinal  nerves  or  to  the 
spinal  cord,  must  necessarily  contain  all  those  which  proceed  from  the  cord  to  the 
sympathetic,  and  that,  on  the  other  hand,  the  peripheral  division  must  contain 
the  fibres  immediately  proceeding  from  the  sympathetic  and  distributed  peri- 
pherally with  the  spinal  nerve. 

It  seems  on  the  whole  reasonable  to  conclude  that  nerve-fibres  take 
their  rise  in  the  ganglia  both  of  the  cerebro-spinal  and  sympathetic 
nerves,  and  are  in  both  kinds  of  nerves  mixed  with  fibres  of  cerebral 
or  spinal  origin ; that  the  ganglia  are  nervous  centres  which  may  pro- 
bably receive  through  afferent  fibres  impressions  of  which  we  are  uncon- 
scious and  reflect  these  impressional  stimuli  upon  efferent  or  motor 
fibres : that  perhaps,  even,  certain  motorial  stimuli  emanate  from  them ; 
the  movements  excited  by  or  through  the  ganglia  being  always  invo- 
luntary, and  affecting  chiefly  the  muscular  parts  of  the  viscera,  the 
sanguiferous,  and  perhaps  the  absorbent  vessels ; and  that,  in  fine,  the 
chief  purpose  served  in  the  animal  economy  by  the  ganglia  and  the  gan- 
glionic nerve  fibres,  whether  existing  in  acknowledged  branches  of  the 
sympathetic,  or  contained  in  other  nerves,  is  to  govern  the  involuntary, 
and,  for  the  most  part, imperceptible  movements  of  the  vascular  system, 
as  well  as  the  secretory  and  nutritive  processes,  in  so  far  at  least  as 
these  are  not  dependent  on  the  brain  and  spinal  cord. 


CHEMICAL  COMPOSITION. 


The  information  we  possess  respecting  the  chemical  composition  of 
nervous  matter  is  for  the  most  part  founded  on  analyses  of  portions  of 
the  brain  and  spinal  cord ; but  the  substance  contained  in  the  nerves, 
which  is  continuous  with  that  of  the  brain  and  cord,  and  similar  in 
physical  characters,  appears  also,  as  far  as  it  has  been  examined,  to  be 
of  the  same  general  chemical  constitution.  No  very  careful  comparative 
analysis  has  yet  been  made  of  the  grey  and  white  matter,  to  say  nothing 
of  the  different  structural  elements  of  the  nervous  substance ; and 
indeed  it  must  be  remembered,  that,  in  portions  of  brain  subjected  to 
chemical  examination,  capillary  blood-vessels,  connective  and  perhaps 
other  accessory  tissues,  as  well  as  interstitial  fluid,  are  mixed  up  in 
greater  or  less  quantity  with  the  true  nervous  matter,  and  must  so  far 
affect  the  result. 


Like  most  of  the  other  tissues  of  the  body  the  nervous  substance 
contains  a large  proportion  of  water  (from  three-fourths  to  four-fifths 
of  its  weight).  Of  the  residue  which  remains  after  the  removal  of  this 
by  evaporation  or  other  means  the  larger  part  consists  of  a phosphur- 
reted  fat,  which  may  be  obtained  crystallized,  and  in  this  condition  was 
termed  by  0.  Liebreich  protagon.  The  crystalline  substance,  however, 
is  m reality  a mixture  of  two  other  substances — lecithin  and  neurin 
{ iioppe-beyler ) and  doubtless  includes  the  fatty  acids  which  were 
enumerated  by  Fremy  and  others : it  appears  mainly  to  compose  the 

medullary  sheath  of  the  nerves.  1 

lecithin  was  first  obtained  from  yelk  of  egg  (by  Gobley).  It  con- 
tion8  neai  ^ ^Gr  CGnt’  Phosphorus,  and  has  a very  complex  constitu- 


ohoUn> is  found  a,so  iu  the  bi,e-  11 
moreoTer' 6aid  t0  ke  one  of  the  pr°- 

A substance  named  Cerebrin  is  also  described  as  being  frequently 
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met  with  in  conjunction  with  lecithin.  Other  substances  which  are 

found  in  analyses  of  the  nervous  tissues  are : 

Cholesterin  (C„6  H440)  which  was  long  considered  to  be  a fatty 
body,  but  is  probably  more  allied  to  the  alcohols.  It  crystallizes  in  pearly 
scales  which  are  tinged  blue  by  treatment  with  8ulPh™°  acid  and  iodine. 

Extractive  matters.— These  probably  belong  chiefly  to  the  inter- 
stitial fluid  ; but,  however  this  may  be,  they  may  be  held  to  represent 
the  products  of  decomposition  of  the  nervous  substance.  The  fol  owing 

have  been  recognised  : — 

1.  Lactic,  formic,  acetic,  and  (traces  of)  uric  acid. 

2.  Inosit. 

3.  Kreatin. 

4.  Hypoxamthin. 

substances  are  also  obtained  from  nervon.  to  : they  are 

^ derived  from  the  nerve-cells  and  axial  fibres.  . 

probably  m gieat  part  denvea  i prevail  as  in 

With  regard  to  th e reaction^ of  ^ZeTring  but  quieLent  state  is 

muscle— namely,  that  the > subs  £ ^ longed  excitement  (Funke).  The 

neutral,  but  becomes  acid  a : incineration  axe— phosphoric  acid,  phes- 

of  ire,  j cHoriie  of,odi,m;  oulfUte  of 

potash;  and  a trace  of  silica ..  water  • the  grey  about  86  ; 

The  white  substance  contains  near  y _ P ‘ , ^ ^ in  the  nerves, 

the  proportion  of  water  is  less  m the  spinal cord,  and  stiR  less  ^ ^ ^ to 

The  fatty  matters  amount  in  the  grey  fluctuates  largely.  It  is  worthy 

nearly  15  per  cent. ; in  the  nerves  t e spr  p tilelife  contains  much  less  fatty 

of  note  that  the  brain,  durmg  em  white  matter  do  not  present 

b«  b°eJ  foomd  to  yield  only  torn  P- 

substance  ; that  of  the  full-grown  foetus  from  3 to  4 per  cent. 

VITAL  PROPERTIES. 

The  fibres  of  nerves,  are  endowed  with  the 
impressions,  or,  rather  impulses,  the  ^riphSal  extremities.  Certam 
stimulated  towards  their  cential  o 1 | centres  and  are  named 

fibres  are  employed  to  conduct  exkemities,  which  are 

■“ afferent,”  others  to  conduct  “efferent.” 

distributed  in  moving  parts,  and ^ ^ both  afferent  and  efferent 
The  greater  number  of  nerves  po^se to.sensory,  inasmuch  as  they 
fibres,  and  are  named  compound  sucfi  compound  nerves  the 

minister  both  to  sensation  and  motio  . n 1 in  the  game 

two  kinds  of  fibres  are  mixed  together  example  of  this 

sheaths  ; but  in  the  most  X^^ed  in  the  trunk  and 

class,  the  afferent  and  efferent  fibres  t g rootg<  This  is  the  case 

branches  of  the  nerves  are  separated  at  tl  and  posteri?r, 

in  the  spinal  nerves  : these  have  two  ic ' ’faniouli  anfi  the  posterior 
both  for  the  most  part  consisting  of  ma  't  of  the  anterior  root 
passing  through  a ganglion  with l which by  appropriate  expe- 
have  no  connection.  Now  it  has  been  as  ^ contains  the 

riments  on  animals,  that  the  anterior  and  contaius  the  sensory 

“S!  fi  The  “4  pal  Of  Canlal  Belies  has  a sensory  root  furn.shed 
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with  a ganglion,  and  a motor  root,  like  the  spinal  nerves.  The  glosso- 
pharyngeal and  pneumo-gastric  nerves  are  also  decidedly  compound  in 
nature  ; they  are  also  provided  with  ganglia  at  their  roots,  which  in- 
volve a greater  or  less  number  ot  their  fasciculi ; hut  it  has  not  yet 
been  satisfactorily  determined  whether  in  these  nerves  the  fibres  which 
have  different  properties  are  collected  at  the  roots  into  separate  bundles, 
nor  how  they  are  respectively  related  to  the  ganglia.  The  sympathetic, 
as  already  stated,  contains  both  afferent  and  efferent  fibres. 

Simple  nerves  are  such  as  contain  either  afferent  or  efferent  fibres 
only.  The  olfactory,  auditory,  and  optic  are  simple  afferent  and  sen- 
sory nerves.  The  third,  fourth,  and  sixth,  the  facial,  the  spinal  accessory 
and  hypoglossal  nerves  are  generally  regarded  as  examples  of  simple 
motor  nerves  ; there  is  reason  to  believe,  at  least,  that  they  are  simple 
and  motor  in  their  origin,  or  as  far  as  their  proper  fibres  are  concerned, 
and  that  the  sensibility  evinced  by  some  of  them  in  their  branches  is 
owing  to  sensory  fibres  derived  from  other  nerves  which  join  them  in 
their  progress. 

The  nerves  governing  the  motions  of  the  blood-vessels  are  commonly 
spoken  of  as  the  “ vaso-motorial  nerves ; ” but  although  this  term  is 
often  of  convenient  application,  there  seems  no  sufficient  reason  for 
reckoning  these  nerves  as  a distinct  system,  any  more  than  motorial 
nerves  distributed  to  other  parts  or  organs  whose  motions  are  inde- 
pendent of  the  will. 


DEVELOPMENT  OP  NERVES. 

The  knowledge  as  yet  acquired  respecting  this  process  is  not  very 
positive  or  consistent,  so  that  much  room  is  left  for  speculation  and 
conjecture.  The  nerve-cells  are  doubtless  derived  from  the  common 
embyro-cells,  which,  undergoing  modification  in  their  substance,  send 
out  branches  from  their  circumference  and  acquire  the  character  of 
nerve-cells.  According  to  the  most  generally  current  descriptions,  the 
fibres  are  stated  to  be  formed  by  the  linear  coalescence  of  long  fusiform 
cells,  and  to  be  at  first  pale  and  grey,  but  afterwards  to  acquire  a medul- 
lary sheath  and  become  white.  This  change  of  aspect  is  apparent  in 
the  human  embryo  of  the  fourth  or  fifth  month.  According  to  Kolliker’s 
account  of  the  growth  of  nerve-fibres  at  their  peripheral  ends,  as  observed 
m the  tail  of  batrachian  larvse,  the  existing  fibres  are  prolonged  by  lines 
of  fusiform  cells  which  coalesce  into  pale  fibres.  These  send  out  fine 
offshoots,  which  may  join  with  neighbouring  fibres,  or  with  branched 
or  stellate  cells,  which  change  into  branched  fibres,  and  in  both  of  these 
ways  the  branching  and  conjunction  of  the  nerves  go  on.  The  first 
fibres  thus  generated  (embryonal  fibres,  Kofi.)  virtually  represent 
bundles  of  two,  three,  or  more  tubular  dark-bordered  fibres,  into  which 
icy  are  speedily  converted  ; the  formation  of  the  medullary  sheath 
proceeding  outwards  along  the  branches.  * 

nerves  °Ut  ^ ?anvier  that  the  medullary  sheath  of  the 

which  nosselsp^  r<lgular  m1tervals  mt(>  a series  of  segments,  each  of 
sentinel  n n Imc^('us’  and  may  therefore  be  looked  upon  as  repre- 

brane  would1  se^m  f imitlve  sbeath  beinS  analogous  to  the  cell  mem- 
formed  from  eelk  ^ Probable  that  these  segments  are  actually 

axiA  fibres  nud  ’ wludl  t0  be  aPPHed  around  previously-formed 
vol  ii  ’ d become  filled  with  the  fatty  matter  of  the  medullary 
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sheath  in  the  same  way  as  the  connective  tissue-cells  become  filled  with 
fat  in  the  development  of  the  adipose  tissue.  At  all  events,  in  young 
nerves  the  segments  are  shorter,  and  there  is  a layer  of  homogeneous  or 
finely  granular  protoplasmic  substance  outside  the  medullary  sheath, 
between  it  and  the  primitive  sheath  : as  the  nerves  increase  in  size  this 
layer,  being  more  and  more  encroached  upon  by  fatty  substance,  eventu- 
ally almost  or  entirely  disappears,  except  in  the  immediate  neighbour- 
hood of  the  nuclei.  In  the  brain  and  spinal  cord  at  an  early  period 
flattened  cells  are  found  surrounding  the  mednllated  fibres  (Ranvier) ; 
subsequently  they  disappear  or  become  _ incorporated  with  the  inter- 
stitial tissue  of  those  organs,  without  having  produced  either  a primitive 

sheath  or  constrictions  on  the  fibres.  , • 

The  fact  that  the  nerve  segments  of  the  peripheral  nerves  are  consi- 
derably shorter  in  the  young  animal  points  to  the  existence  of  an  m er- 
stitial  as  well  as  a terminal  growth  ot  nerve-fibres. 

Another  mode  of  formation  of  nerves  has  been  descnbed  by  Beale 
and  subsequently  by  Hensen,  who  state  that  a fibre  may  be  produced 
by  the  lengthening  out  of  a connecting  process  between  two  cells, 

the  one  of  which  remains  in  the  central  organ  as  a “X°detaTk  of 
the  other  becomes  a peripheral  terminal  organ  For  the  details  ot 
the  description  and  for  other  observations  on  the  development  of  the 
nerves,  the  reader  is  referred  to  the  original  memoir* 

■Rp-nnion  and  regeneration  of  nerves.— The  divided  ends  of  a nerve  that  has 
been  ent  across  readily  reunite,  and  in  process  of  time  true  ne^e‘^bres^ 
formed  in  the  cicatrix,  and  restore  the  continuity  of  the  nervous  structure. 

granular  mass  consisting  of  fatty  molecules,  and  J 

eventually  the  axial  fibre  also  disappears.  t extcntf 

The  degeneration  above  referred  to  does  not  affect  : aJJfa  ervousycentre,  which 
the  part  of  the  nerve  remaining  m comedionw  of  t]ie  nerYe.f  The 

seems  to  exert  an  influence  m mamtammg  g ghown  by  Waller  to  be 

ganglia,  as  well  as  the  that^m  the  central  and  undegenerated  portion 

centres  of  this  influence.  He  f< yaaA  « » bl  ing.  to  the  anterior  root  owe 
of  a divided  spmal  nerve,  while  the  fibres belon*  ^ tbose  of  the  posterior 
their  integrity  to  their  connection  wi  .P  d that  if  the  posterior  root  be 

root  are  similarly  dependent  on  theg d Vot  only  will  the  fibres  which  belong 
cut  between  the  ganglion  and  the  spmal  cord,  ^ 7 ^ imchanged,  but  also 

to  it  in  the  trunk  of  the  connection  with  it ; 

those  above  the  ganglmn  : m the  P^^ch remains  connected  with  the  cord 
•whereas  the  segment  of  the  same  root  w ^ of  th(J  sympathetic  nerve  m 

but  severed  from  the  ganglion  degenerates  °halic  segment  as  high  as  the 

the  neck  is  fofiowed  by  degeneration  of  the  cepnanc  se0 

end  of  the  divided  nerve-trunk  ^ ^ ^ ^.cylinders 
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The  blood,  from  which  the  solid  textures  immediately  derive  material 
for  their  nourishment,  is  conveyed  through  the  body  by  branched  tubes 
named  blood-vessels.  It  is  driven  along  these  channels  by  the  action 
of  the  heart,  which  is  a hollow  muscular  organ  placed  in  the  centre  of 
the  sanguiferous  system.  One  set  of  vessels,  named  arteries,  conduct 
the  blood  out  from  the  heart  and  distribute  it  to  the  different  regions 
of  the  body,  whilst  other  vessels  named  veins  bring  it  back  to  the  heart 
again.  From  the  extreme  branches  of  the  arteries  the  blood  gets  into 
the  commencing  branches  of  the  veins  or  revehent  vessels,  by  passing 
through  a set  of  very  fine  tubes  which  connect  the  two,  and  which, 
though  not  abruptly  or  very  definitely  marked  off  from  either,  are 
generally  spoken  of  as  an  intermediate  set  of  vessels,  and  by  reason  of 
their  smallness  are  called  the  capillary  (i.e.,  hair-like)  vessels,  or,  simply, 
■the  capillaries.  ’ 


The  conical  hollow  muscular  heart  is  divided  internally  into  four 
cavities,  two  placed  at  its  base,  and  named  auricles,  and  two  occupying 
the  body  and  apex,  named  ventricles.  The  auricles  are  destined  to  re^ 
•ceive  the  returning  blood  from  the  great  veins,  which  accordingly  open 
into  them,  and  to  pass  it  on  into  the  ventricles  ; whilst  it  is  the  office 
of  the  latter  to  propel  the  blood  through  the  body.  The  ventricles 
have  therefore  much  thicker  and  stronger  sides  than  the  auricles,  and 
the  great  arterial  trunks  lead  off  from  them.  Each  auricle  opens  into 
the.  ventricle  of  the  same  side,  but  the  right  auricle  and  ventricle  are 
entirely  shut  off  from  those  of  the  left  side  by  an  impervious  partition 
placed  lengthwise  in  the  heart. 

The  blood  is  sent  out  by  the  left  ventricle  into  the  main  artery  of  the 
body , named  the  aorta,  and  passes  through  the  numerous  subordinate 
artenes,  which  are  branches  of  that  great  trunk,  to  the  different  parts 
of  the  system;  then,  traversing  the  capillaries,  it  enters  the  veins,  and 
is  returned  by  two  great  venous  trunks,  named  the  superior  and  inferior 
venm  cavm  to  the  right  auricle.  In  passing  from  the  arteries  to  the 
veins  the  blood  changes  in  colour  from  red  to  dark,  and  is  otherwise 
T*allty ; m this  condition  it  is  unfit  to  be  again  immediately 
c iculatcd  through  the  body.  On  returning,  therefore,  to  the  right  side 

thf?  b 0(?di  U0W,dark  and  venous>  musfc  re-acquire  the  florid 
though  less  obvious  qualities  of  arterial  blood  before  it  is 
peimitted  to  resume  its  course.  For  this  purpose,  being  discharged  bv 

of  thS  veSt  “1°  ^^“ricle,  & driven,  b/the  coStion 

lttn„s  i ' ’;’  ?long  the  pulmonary  artery  and  its  branches  to  the 

is  e“  APr“?R ' r0"gh  fh<;  CapiUary  vesBels  of  these  or£ans)  it 
chanae  If  if  influence  of  the  air,  and  undergoes  the  requisite 

inrr  branches  of  the  g ,T  beCOme  fl°rid  aSain’  k enters  the  oomlnenc- 
the  MUuride  oonvF ?naVems>  which,  ending  by  four  trunks  in 
charged  into  the  1 Aft 7 thafc  cavifcy,  whence  it  is  immediately  dis- 

th^gh  the  system VbS*  ^ ^ ^ the  a0rta  aad 

point  ofbthedsa?guiferOTs\\steT»nfd  f s?ttinS  °ut  from  all7  given 
after  performing  t j11*  and  returmpg  to  the  same  place  again 

o it,  and  this  motion  is  what  is  properly  termed 
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the  circulation  of  the  blood.  Its  course  from  the  left  ventricle  along  the 
aorta,  throughout  the  body,  and  back  by  the  venae  cava)  to  ic  light 
ventricle,  is  named  the  rjrcatcr  or  systemic  circulation , and  its  passage 
through  the  lungs  by  the  pulmonary  artery  and  pulmonary  veins  from 
the  ri|ht  to  the  left  side  of  the  heart,  is  termed  th z lesser  or  yulmonary 
circulation;  but  the  blood  must  go  through  both  the ^ ^eat?r  an^t^ 
lesser  circulation  in  order  to  perform  a complete  circuit,  01  to  icturn 
to  the  point  from  which  it  started.  As  the  vessels  employed  m the 
circulation  through  the  lungs  have  been  named  pulmonary  so  the  aorta 
Xh  conveys  the  blood  tothe  system  at  large  is  named  the  system 
artery  and  the  veme  cavm  the  systemic  veins  ; whilst  the  two  sets  of 
canillaries  interposed  between  the  arteries  and  veins,  the  one  m the 
lungs,  the  other  in  the  body  generally,  are  respectively  termed  the  pu  - 

monary  and  the  systemic  capillaries.  Branphpq  and  from 

to  in  the 

^ de  on  ^ngtheliTerin== 

branches,  after  the  manner  of  an  artery,  sending  its  blood 

th  Th?different  parts  of  the  sanguiferous  system  above  enumerated  may 
be  c“latedPin  another  point  of  view,  ^ “c”dm^  the 
kind  of  blood  which  they  contain  or  convey  Thus  the > left 

sS£  S£i^3i5s&s 

systemic  veins,  and  pulmonary  artery,  contain  dark  blooo  min  g 
be  transmitted  through  the  lungs  for  renoval : X flTJpfl- 

blooded  division  of  the  sanguiferous  system,  comm  ^ g « >T  ^ ^ 

laries  of  the  lungs,  ends  in  the  capillar  capillaries  and  terminates 

or  dark-blooded  part  commences  m J intermediate  position  be- 

in  those  of  the  lungs.  The  heart  occupies i an  riesPcoraeot  the 

tween  the  origin  and  termination  of  each,  and  the  capina  ^ 

dark  and  the  red  sets  of  one  part  of  the 

as  the  channels  through  which  tl  1^  undergoes  its  alternate 

sanguiferous  system  to  the  other,  and  “ £ traver1es  the  systemic 
changes  of  colour,  since  it  becomes those  of  the  lungs, 
capillaries  and  red  again  m passing  tin  D 

arteries. 

These  vessels  *"y 

which  had  long  F^^d  ^ vegsgelg  called  arteries,  though  for  the 
mosTpart  found  empty  ‘after  death,  really  contain  blood  in  the  living 

blLae  of 

situations  ; thus,  aftel  the  aspect  of  flexion,  and  not  upon 

bemore  exposed  to  accidental  mp-ry. 
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As  they  proceed  in  their  course  the  arteries  divide  into  branches,  and 
the  division  may  take  place  in  different  modes.  An  artery  may  at 
once  resolve  itself  into  two  or  more  branches,  no  one  of  which  greatly 
exceeds  the  rest  in  magnitude,  or  it  may  give  off  several  branches  in 
succession  and  still  maintain  its  character  as  a trunk.  The  branches 
come  off  at  different  angles,  most  commonly  so  as  to  form  an  acute 
ano-le  with  the  further  part  of  the  trunk,  but  sometimes  a right  or  an 
obtuse  angle,  of  which  there  are  examples  m the  origin  of  the  inter- 
costal arteries.  The  degree  of  deviation  of  a branch  from  the  direction 
of  the  trunk  was  supposed  to  affect  the  force  of  the  stieam  of  blood, 
but  Weber  maintains  that  it  can  produce  little  or  no  effect  in  a 
system  of  elastic  tubes  maintained,  like  the  arteries,  in  a state  of  dis- 
tension. 

An  artery,  after  a branch  has  gone  off  from  it,  is  smaller  than  before, 
but  usually  continues  uniform  in  diameter  or  cylindrical  until  the 
next  secession ; thus  it  was  found  by  Hunter  that  the  long  carotid 
artery  of  the  camel  does  not  diminish  in  calibre  throughout  its  length. 
A branch  of  an  artery  is  less  than  the  trunk  from  which  it  springs,  but 
the  combined  area  or  collective  capacity  of  all  the  branches  into  which 
an  artery  divides,  is  greater  than  the  calibre  of  the  parent  vessel  im- 
mediately above  the  point  of  division.  The  increase  in  the  joint 
capacity  of  the  branches  over  that  of  the  trunk  is  not  in  the  same  pro- 
portion in  every  instance  of  division,  and  there  is  at  least  one  case 
known  in  which  there  is  no  enlargement,  namely,  the  division  of  the 
aorta  into  the  common  iliac  and  sacral  arteries  ; still,  notwithstanding 
this  and  other  possible  exceptions,  it  must  be  admitted  as  a general 
rule  that  an  enlargement  of  area  takes  place.  From  this  it  is  plain 
that,  since  the  area  of  the  arterial  system  increases  as  its  vessels  divide, 
the  capacity  of  the  smallest  vessels  and  capillaries  will  be  greatest ; and, 
as  the  same  rule  applies  to  the  veins,  it  follows  that  the  arterial  and 
venous  systems  may  be  represented;  as  regards  capacity,  by  two  cones 
whose  apices  (truncated  it  is  true)  are  at  the  heart,  and  whose  bases  are 
united  in  thecapillary  system.  The  effect  of  this  must  be  to  make  the 
blood  move  more  slowly  as  it  advances  along  the  arteries  to  the 
capillaries,  like  the  current  of  a river  when  it  flows  in  a wider  and 
deeper  channel,  and  to  accelerate  its  speed  as  it  returns  from  the 
capillaries  to  the  venous  trunks. 

When  arteries  unite  they  are  said  to  anastomose  or  inosculate. 
Anastomoses  may  occur  in  tolerably  large  arteries,  as  those  of  the  brain, 
the  hand  and  foot,  and  the  mesentery,  but  they  are  much  more  frequent 
in  the  smaller  vessels.  Such  inosculations  admit  of  a free  communi- 
cation between  the  currents  of  blood,  and  must  tend  to  promote 
equability  of  distribution  and  of  pressure,  and  to  obviate  the  effects  of 
local  interruption. 

Arteries  commonly  pursue  a tolerably  straight  course,  but  in  some 
parts  they  are  tortuous.  Examples  of  this  in  the  human  body  are 
afforded  by  the  arteries  of  the  lips  and  of  the  uterus,  but  more  striking 
ms  ances  may  be  seen  in  some  of  the  lower  animals,  as  in  the  well- 
mown  case  of  the  long  and  tortuous  spermatic  arteries  of  the  ram  and 

e u . in  very  moveable  parts  like  the  lips,  this  tortuosity  will 
allow  the  vessel  to  follow  their  motions  without  undue  stretching  ; but 
m other  cases  its  purpose  is  not  clear.  The  physical  effect  of  such  a 
condition  of  the  vessel  on  the  blood  flowing  along  it  must  be  to  reduce 
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the  velocity,  by  increasing  the  extent  of  surface  over  which  the  blood 
moves,  and  consequently  the  amount  of  impediment  from  friction 
still  it  does  not  satisfactorily  appear  why  such  an  end  should  be 
provided  for  in  the  several  cases  in  which  arteries  are  known  to  follow 
a tortuous  course.  The  same  remark  applies  to  the  peculiar  arrange- 
ment of  vessels  named  a “ rete  mirabile,”  where  an  artery  suddenly 
divides  into  small  anastomosing  branches,  which  in  many  cases  unite 
again  to  reconstruct  and  continue  the  trunk.  Of  such  retia  mirabilia 
there  are  many  examples  in  the  lower  animals,  but,  as  already  remarked, 
the  purpose  which  they  serve  is  not  apparent.  The  best  known  instance 
is  that  named  the  rete  mirabile  of  Galen,  which  is  formed  by  the  intra- 
cranial part  of  the  internal  carotid  artery  ot  the  sheep  and  several  other 
quadrupeds. 

Physical  Properties. — Arteries  possess  considerable  strength  and  a 
very  high  degree  of  elasticity,  being  extensible  and  retractile  both  in 
their  length  and  their  width.  When  cut  across,  they  present,  although 
empty,  an  open  orifice  ; the  veins,  on  the  other  hand,  collapse,  unless 
when  prevented  by  connection  with  surrounding  rigid  parts.  _ 

Structure. — In  most  parts  of  the  body  the  arteries  are  inclosed  in 
a sheath  formed  of  connective  tissue,  and  their  outer  coat  is  connected 
to  the  sheath  by  filaments  of  the  same  tissue,  but  so  loosely  that,  when 
the  vessel  is  cut  across,  its  ends  readily  shrink  some  way  within  the 
sheath.  The  sheath  may  inclose  other  parts  along  with  the  artery,  as 
in  the  case  of  that  enveloping  the  carotid  artery,  which  also  includes 
the  internal  jugular  vein  and  pneumo-gastric  nerve.  Some  arteries 
want  sheaths,  as  those  for  example  which  are  situated  within  the  cavity 
of  the  cranium. 

Independently  of  this  sheath,  arteries  (except  those  of  minute  size 
whose  structure  will  be  afterwards  described  with  that  of  the  capillaries) 


Fig.  107. 


107.— Transverse  Vertical  Section  of  Posterior  Tibial  Artery  (Man).  75 

Diameters. 

„ Epithelioid  and  Subepitbclial  layers  of  inner  coat ; b,  elastic  layer  of  inner  coat, 
appearing  as  a bright  line  in  section  ; c,  muscular  layer  (middle  coat) ; d,  outer  coat  con- 
_ J PnTmective  tissue  bundles,  which  become  more  loosely  arranged  toward  the 
exterior  In  the  interstices  (seen  as  white  spaces)  of  the  bundles  are  some  co^ect. ve  tissuc 
nuclei,  and,  especially  near  the  muscular  coat,  a number  of  fine  elastic  fibres  cut  across. 
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have  been  usually  described  as  formed  of  three  coats,  named,  from  their 
rdaliv^posiSon^ internal,  middle,  and  external  (fig.  107,  in  section); 
and  as  this  nomenclature  is  generally  followed  m Fig.  103. 

medical  and  surgical  works,  and  also  correctly  ap- 
plies to  the  structure  of  arteries  so  far  as  it  is  dis- 
cernible by  the  naked  eye,  it  seems  best  to  adhere 
to  it  as  the  basis  of  our  description ; although  it 
will  be  seen,  as  we  proceed,  that  some  of  these 
coats  are  found  on  microscopic  examination  really 
to  consist  of  two  or  more  sticita  differing  from  co-cli 
other  in  texture,  and  therefore  reckoned  as  so 
many  distinct  coats  by  some  authorities. 

Internal  coat  (fig.  107,  a,  l).  This  may  be 
raised  from  the  inner  surface  of  the  arteries  as  a 
fine  transparent  colourless  membrane,  elastic  but 
very  easily  broken,  especially  in  the  circular  or 
transverse  direction,  so  that  it  cannot  be  stripped 
off  in  large  pieces.  It  is  very  commonly  corrugated 
with  very  fine  and  close  longitudinal  wrinkles, 
caused  most  probably  by  a contracted  state  of  the 
artery  after  death.  Such  is  the  appearance  pre- 
sented by  the  internal  coat  to  the  naked  eye,  but 
by  the  aid  of  the  microscope,  it  is  found  to  consist 
of  three  different  structures,  namely : 1.  An  epithe- 
lioid layer  (fig.  107.,  a,  and  fig.  108)  forming  the 
innermost  part  or  lining.  This  is  a simple  layer 
of  thin  elliptical  or  irregularly  polygonal  cells, 
which  are  often  lengthened  into  a lanceolate  shape. 

These  epithelioid  elements  have  round  or  oval 
nuclei,  with  nucleoli:  the  outlines  of  the  cells  are  often  indistinct 
in  the  fresh  state,  but  may  be  brought  into  view  by  means  of 
nitrate  of  silver.  2.  A sub  epithelial  layer  (striated  layers  of  Kolliker). 
This  is  composed  of  a homogeneous  connective  tissue  with  a greater 
or  less  number  of  branched  corpuscles  lying  in  the  cell-spaces  of 
the  tissue  (fig.  109).  In  some  instances  the  ground  substance  is 
striated  or  even  fibrillated,  and  pervaded  by  longitudinal  elastic  net- 


Fig.  108.  — Epithe- 
lioid Layer  Lining 
Posterior  Tibial 
Artery.  250  Dia- 
meters. 

Nitrate  of  silve 
preparation. 


Fig.  109. 


Fig.  109.  Cell-Spaces  op  Sub-epitiielial  Layer  op  Artery  (Posterior  Tibial). 

250  Diameters. 

The  ground  substance  is  stained  by  nitrate  of  silver,  and  the  cell-spaces  of  the  tissue 
are  thus  made  manifest  as  white  patches,  the  contained  cells  not  being  seen. 
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works  of  varying  fineness.  This  layer  is  said  to  be  most  constant  in 
the  larger  arteries : it  exists  however  in  the  medium-sized  ones,  and  is 
to  be  looked  upon  as  of  considerable  pathological  importance,  as  being 
that  in  which,  under  certain  conditions,  cell  proliferation  is  most  apt 
to  occur.  3.  Elastic  layers  (fig.  107,  b).  These  form  the  chief  sub- 
stance of  the  inner  coat.  The  elastic  tissue  commonly  forms  longitu- 
dinal networks  of  fibres  (fig.  110),  which  consist  of  several  layers  of 
different  degrees  of  closeness.  Not  uncommonly  some  of  these  layers 
take  on  a membranous  character,  in  which  case  they  form  the 
“ perforated  ” or  “ fenestrated  ” membrane  of  Hcnle.  This  consists  of 
a thin  and  brittle  transparent  film,  and  may  exist  in  one  or  several 
layers  ; and  in  that  case  it  may  be  stripped  off  in  small  shreds,  which 
have  a remarkable  tendency  to  curl  in  at  their  upper  and  lower  borders, 
and  roll  themselves  up  as  represented  in  fig.  111.  The  films  of 


Fig.  110. 


Fig.  ill. 


Fig.  110.— Elastic  Network  of  Artery.  350  Diameters  (Kolliker). 


Fig.  111. — Portion  of  Fenestrated  Membrane  from  the  Crural  Artery,  magnified 

200  Diameters  (Henle). 

a,  5,  c,  perforations. 


membrane  are  marked  by  very  fine  pale  streaks,  following  principally 
a longitudinal  direction,  and  joining  each  other  obliquely  in  a sort  of 
network.  Henle  considers  these  lines  to  be  reticulating  fibres  formed 
upon  the  membranous  layer.  This  membrane  is  further  remarkable 
by  being  perforated  with  numerous  round,  oval,  or  irregularly  shaped 
apertures  of  different  sizes.  In  some  parts  of  the  arteries,  the  per- 
forated membrane  is  very  thin,  and  therefore  difficult. to  strip  off;  in 
other  situations  it  is  of  considerable  thickness,  consisting  of  several 
layers  ; in  which  case  it  tends  in  the  outer  layers  to  lose  its  membra- 
nous character : indeed  it  must  be  borne  in  mind  that  every  transition 
is  met  with  between  the  fenestrated  membrane,  as  above  described, 
and  the  longitudinal  elastic  networks  before  mentioned. 

The  inner  coat  may  thus  be  said  to  be  formed  of.  a layer  of  flattened 
epithelioid  cells  ; a layer  of  delicate  connective  tissue  with  branched 
cells  ; and  elastic  layers : the  latter  consisting  of  elastic  tissue  undei 
two  principal  forms,  namely,  the  longitudinal  elastic  networks  and 
the  fenestrated  membrane ; and  these  two  forms  may  coexist  m equal 
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amount,  or  ono  may  predominate,  the  othei  diminishing  01  even 

disappearing  altogether.  . . , 

Middle  coat  (fig.  107,  c).  This  consists  of  plain  muscular  tissue, 

in  fine  bundles,  disposed  circularly  round  the  vessel,  and  consequently 
tear  in"  off  in  a circular  direction,  although  the  individual  bundles 
do  not  form  complete  rings.  The  considerable  thickness  of  the  walls 
of  the  larger  arteries  is  clue  chiefly  to  this  coat ; and  in  the  smaller 
ones,  it  is  said  to  be  thicker  in  comparison  with  the  calibre  of  the  vessel. 
In  the  largest  vessels  and  in  some  small  ones  it  is  made  up  of  many 
layers;  and  elastic  films  either  finely  reticular,  or  quite  similar  to  the 
fenestrated  membrane  of  the  inner  coat,  are  often  found  between  the 
layers.  The  middle  coat  is  of  a tawny  or  reddish  yellow  colour,  not 
unlike  that  of  the  elastic  tissue,  but,  when  quite  fresh,  it  has  a softer 
and  more  translucent  aspect.  Its  more  internal  part  is  often  described 
as  redder  than  the  rest,  but  the  deeper  tint  is  probably  due  to  staining 
by  the  blood  after  death. 

This  coat  consists  mainly  of  muscular  fibre  cells  (fig.  112  and  fig.  113), 


Fig.  112.  Fig.  113. 


Fig.  112. — Muscular  Fibre-cells  from  Human  Arteries.  Magnified  350  Diameters. 

1.  From  the  popliteal  artery  ; a,  natural ; b,  treated  -with  acetic  acid.  2.  From  a 
small  branch  of  the  posterior  tibial  (from  KolUker). 

Fig.  113, — Muscular  Fibre-cells  from  Superior  Thyroid  Artery  (Man).  340 

Diameters. 


seldom  more  than  from  -g-L-  to  -o^o  °f  on  inch  long  and  frequently 
presenting  a very  irregular  shape  with  jagged  extremities  (fig.  113). 
Their  nuclei  are  markedly  rod  shaped  and  are  often  slightly  curved. 
Ceils  are  occasionally  met  with,  especially  in  the  larger  arteries,  which 
appear  to  present  transitions  to  the  forked  cells  of  which  the  muscular 
substance  of  the  heart  is  composed.  Fine  elastic  fibres  are  also  com- 
monly to  be  found  in  this  coat  mixed  with  the  muscular  bundles,  and 
ravei  sing  the  layers  in  form  of  elastic  networks,  which  in  the  larger 
arteries  pass  into  the  elastic  laminae  already  mentioned. 

ic  elastic  fibres  are  accompanied  by  white  fibres  of  areolar  tissue  in 
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small  quantity,  the  proportion  of  which  increases  with  the  size  of  the 
artery.  It  is  important  further  to  note  that  the  muscular  tissue  oi  the 
middle  coat  is  more  pure  in  the  smaller  arteries,  and  that  the  admixture 
of  other  tissues  increases  in  the  larger-sized  vessels ; in  these,  moreover, 
the  muscular  cells  are  smaller.  Accordingly,  the  vital  contractility  of 
the  arteries,  which  depends  on  their  middle  coat,  is  very  little  marked 
in  those  of  large  size,  but  becomes  much  more  conspicuous  iu  the 
smaller  branches. 

External  coat.  ( Tunica  adventitia  of  the  German  writers)  (fig.  107,  d). 
This  is  composed  mainly  of  fine  and  closely-felted  bundles  of  white 
connective  tissue,  together  with  a variable  amount  of  longitudinally 
disposed  elastic  tissue  between  the  bundles  (in  the  fig.  this  is  seen  cub 
across).  This  is  much  more  abundant  towards  the  inner  part,  next 
the  muscular  coat,  and  is  frequently  described  as  constituting  here  a 
distinct  elastic  layer : it  is  most  marked  in  arteries  of  medium  calibre, 
becoming  thinner,  and  at  length  gradually  disappearing  in  those  of 

small  size.  . 

In  large  and  middle-sized  arteries  the  bundles  of  white  connective 
tissue  chiefly 'run  diagonally  or  obliquely  round  the  vessel,  and  their 
interlacement  becomes  much  more  open  and  lax  towards  the  surface  ot 
the  artery,  where  they  connect  the  vessel  with  its  sheath  or  with  other 
surrounding  parts.  Longitudinally  arranged  contractile  fibre-cells  have 
been  described  by  various  observers  in  the  external  coat  of  some  of  the 
larger  arteries,  and  they  are  said  to  be  occasionally  present  amongst 
the  circularly  disposed  fibres  of  the  middle  coat,  and  even  in  the  sub- 
epithelial  layer  of  the  internal.  The  white  tissue  is  usually  of  gieat 
proportionate  thickness  in  the  smaller  arteries. 

Some  arteries  have  much  thinner  coats  than  the  lest,  in  piopoition 
to  their  calibre.  This  is  strikingly  the  case  with  those  contained  within 
the  cavity  of  the  cranium,  and  in  the  vertebral  canal ; the  difference 
depends  on  the  external  and  middle  coats,  which  in  the  vessels  referred 

to  are  thinner  than  elsewhere.  . 

Vessels  and  Nerves  of  Arteries. — The  coats  of  arteries  receive 
small  vessels,  'both  arterial  and  venous,  named  yasa  vasorum,  which 
serve  for  their  nutrition.  The  little  nutrient  arteries  do  not  pass  imme- 
diately from  the  cavity  of  the  main  vessel  into  its  coats,  but  are  derived 
from  branches  which  arise  from  the  artery  (or  sometimes  from  a neigh- 
bouring artery),  at  some  distance  from  the  point  where  they  are 
ultimately  distributed,  and  divide  into  smaller  branches  within  the 
sheath,  and  upon  the  surface  of  the  vessel,  before  entering  its  coats. 
They  form  a network  in  the  tissue  of  the  external  coat,  from  which 
few  penetrate  into  the  middle  coat,  and  follow  the  circular  course 
of  its  fibres ; none  have  been  discovered  m the  internal  coat,  unless 
the  observations  of  Jasche  and  Arnold  are  to  be  trusted,  w 10  a 
that  they  have  seen  vessels  in  that  situation.  Minute  venu  es  1 
the  blood  from  these  nutrient  arteries,  which,  however,  they  do  no 
closely  accompany,  and  discharge  it  into  the  vein  or  pair  of  veins  which 
usually  run  alongside  the  artery.  Lymphatics  are  present  in  t e . ‘ • 

Arteries  are  generally  accompanied  by  larger  or  smaller  ne  , ‘ 

when,  in  the  operation  of  tying  an  artery,  these  happen  to  l 
along  with  it  in  the  ligature,  great  para  is  experienced,  but  t 
itself  when  in  a healthy  condition,  is  insensible.  Serves  are,n 
less,  distributed  to  the  coats  of  arteries,  probably  for  governing 
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contractile  movements.  The  nerves  come  chiefly  fiom  the  sympathetic, 
hut  also  from  the  cerebro-spinal  system.  They  form  plexuses  round  the 
larger  arteries,  and  run  along  the  smaller  branches  m form  of  fine 
bundles  o'f  fibres,  which  here  and  there  twist  round  the  vessel,  and 
sin°'le  nerve-fibres  have  been  seen  closely  accompanying  minute  aiteiies. 
The  fine  branches  destined  for  the  artery  penetiate  to  the  middle  coat, 
in  which  they  are  chiefly  distributed.  They  lay  aside  their  medullary 
sheath  and  form  a plexus  of  pale  fibres,  the  finest  of  which  are  without 
nuclei. 

Minute  o-anglia  have  been  described  by  Beale  and  others  as  connected 
with  the  arteries,  or  even  in  the  case  of  the  larger  ones,  situated  in  the 
external  coat.  From  these,  fine  nerves  proceed  to  be  distributed,  chiefly 
in  the  form  of  plexuses,  to  the  muscular  tissue  of  the  middle  coat. 

Contractility.  Besides  the  merely  mechanical  property  of  elasticity,  arteries 
are  endowed  in  a greater  or  less  degree  with  vital  contractility,  by  means  of 
which  they  can  narrow  their  calibre.  This  vital  contractility,  which  has  its 
seat  in  the  plain  muscular  tissue  of  the  middle  coat,  does  not  cause  rapid  con- 
tractions following  in  rhythmic  succession  like  those  of  the  heart ; * its  opera- 
tion is,  on  the  contrary,  slow,  and  the  contraction  produced  is  of  long  endurance. 
Its  effect,  or  its  tendency,  is  to  contract  the  area  of  the  arterial  tube,  and  to 
offer  a certain  amount  of  resistance  to  the  distending  force  of  the  blood  ; and  as 
the  contracting  vessel  will  shrink  the  more,  the  less  the  amount  of  fluid  con- 
tained in  it,  the  vital  contractility  would  thus  seem  to  adjust  the  capacity  of  the 
arterial  system  to  the  quantity  and  force  of  the  blood  passing  through  it,  bracing- 
up  the  vessels,  as  it  were,  and  maintaining  them  in  a constant  state  of  tension. 
In  producing  this  effect,  it  co-operates  with  the  elasticity  of  the  arterial  tubes, 
but  it  can  be  shown  that  after  that  property  has  reached  its  limit  of  operation 
the  vital  contraction  can  go  further  in  narrowing  the  artery.  The  vital  or  mus- 
cular contractility  of  the  arteries,  then,  counteracts  the  distending  force  of  the 
heart  and  seems  to  be  in  constant  operation.  Hence  it  is  often  named  “ tonicity,” 
and  so  far  justly ; but  at  the  same  time,  like  the  contractility  of  other  muscular 
structures,  it  can,  by  the  application  of  various  stimuli,  be  artificially  excited  to 
more  vivid  action  than  is  displayed  in  this  natural  tonic  or  balanced  state  ; and, 
on  the  other  hand,  it  sometimes  relaxes  more  than  the  habitual  degree,  and  then 
the  vessels,  yielding  to  the  distending  force  of  the  heart,  become  unusually  dilated. 
Such  a remission  in  their  contractile  force  (taking  place  rather  suddenly)  is  doubt- 
less the  cause  of  the  turgescence  of  the  small  vessels  of  the  skin  -which  occurs 
in  blushing  ; and  the  arteries  of  erectile  organs  are  probably  affected  in  the  same 
manner,  so  as  to  permit  an  augmented  flow  of  blood  into  the  veins  or  venous 
cavities  when  erection  begins. 

The  vital  contractility  of  small-sized  arteries  is  easily  demonstrated  in  the 
transparent  parts  of  cold-blooded  animals.  If  the  point  of  a needle  be  two  or 
three  times  drawn  quickly  across  one  of  the  little  arteries  in  the  web  of  a frog’s 
foot  placed  under  the  microscope,  the  vessel  will  be  seen  slowly  to  contract,  and 
the  stream  of  blood  passing  through  it  becomes  smaller  and  smaller,  and,  by  a 
repetition  of  the  process,  may  be  made  almost  entirely  to  disappear.  After  per- 
sisting in  this  contracted  state  for  some  minutes,  the  vessel  will  gradually  .dilate 
again  to  its  original  size.  The  same  effect  may  be  produced  by  the  application  of 
ice-cold  water,  and  also  by  electricity,  especially  the  interrupted  electric  current. 
Moreover,  it  one  of  the  small  arteries  in  the  mesentery  of  a frog  or  of  a small 
™ ,i°°,  C such  as  a mouse  (Poiseuille),  be  compressed  so  as  to  take 

® t ie “f tending  force  of  the  blood  from  the  part  beyond  the  point  where  the 
p ssrne  is  app  ie  , that  part  will  diminish  in  calibre,  at  first  no  doubt  from  its 

in  k°weyer>  exhibit  slow  rhythmic  contractions  : this  is  especially  marked 

reaX  hp  nwi °?r  T™'*’  the  rabbit>  ic  tbe  arteries  of  the  ear  of  which  it  may 

nection  with  the  vessels  18  pr°bably  dePendent  on  the  presence  of  minute  ganglia  in  con- 
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elasticity,  and  therefore  suddenly,  but  afterwards  slowly.  The  contractility  of 
the  smaller  arteries,  as  well  as  its  subjection  to  the  influence  of  the  nervous  sys- 
tem, is  beautifully  shown  in  the  experiment  of  cutting  and  afterwards  stimulating 
the  cervical  sympathetic  nerve  in  a cat  or  rabbit.  Immediately  after  the  sec- 
tion, the  vessels  of  the  ear  become  distended  with  blood  from  failure  of  their 
tonic  contraction  ; but,  on  applying  the  galvanic  stimulus  to  the  upper  portion  of 
the  nerve,  they  immediately  shrink  again,  and  on  interrupting  the  stimulation 
they  relax  as  before.  The  tonic  contraction  of  these  vessels  appears  to  be  main- 
tained by  the  medulla  oblongata  operating  through  the  branches  of  the  cervical 
part  of  the  sympathetic  nerve  ; it  is  found,  moreover,  that  stimulation  of  this 
so-called  “ vaso-motor  ” centre  causes  marked  contraction  of  the  arteries  of  the 
body  generally,  especially  the  smaller  ones. 

The  contractility  of  the  large  arteries  is  not  so  conspicuous,  and  many  excel- 
lent observers  have  failed  to  elicit  any  satisfactory  manifestation  of  such  property 
on  the  application  of  stimuli  to  these  vessels.  Others,  however,  have  observed  a 
sufficiently  decided,  though  by  no  means  a striking  degree  of  contraction  slowly 
to  follow  mechanical  irritation  or  electric  stimulation  of  these  arteries  in  recently- 
killed  animals.  To  render  this  effect  more  evident,  C.  J.  B.  Williams  adopted  a 
method  of  experimenting  which  he  had  successfully  employed  to  test  the  irrita- 
bility of  the  bronchial  tubes.  He  tied  a bent  glass  tube  into  the  cut  end  of  an 
artery,  and  filled  the  vessel,  as  well  as  the  bend  of  the  tube,  with  water ; the 
application  of  galvanism  caused  a narrowing  of  the  artery , the  reality  of  which 
was  made  manifest  by  a rise  of  the  fluid  in  the  tube.  Cold  causes  contraction  of 
the  larger  arteries,  according  to  the  testimony  of  various  inquirers  ; and,  as  in 
the  smaller  arteries,  a gradual  shrinking  in  calibre  ensues,  when  the  distending 
pressure  of  the  blood  is  taken  off,  by  the  extinction  or  impairment  of  the  force 
of  the  heart  on  the  approach  of  death.  From  the  experiments  of  C.  Parry,  it 
would  appear  that  the  contraction  thus  ensuing  proceeds  considerably  beyond 
what  would  be  produced  by  elasticity  alone,  and  that  it  relaxes  after  death, 
when  vitality  is  completely  extinct,  so  that  the  artery  widens  again  to  a certain 
point,  at  which  it  is  finally  maintained  by  its  elasticity. 


Mode  of  distribution. — The  veins  are  ramified  throughout  the 
body,  like  the  arteries,  but  there  are  some  differences  in  their  propor- 
tionate number  and  size,  as  well  as  in  their  arrangement,  which  require 
to  be  noticed. 

In  most  regions  and  organs  of  the  body  the  veins  are  more  numerous 
and  also  larger  than  the  arteries,  so  that  the  venous  system  is  alto- 
gether more  capacious  than  the  arterial,  but  the  proportionate  capacity 
of  the  two  cannot  be  assigned  with  exactness.  The  pulmonary  veins 
form  an  exception  to  this  rule,  for  they  do  not  exceed  m capacity  the 
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pulmonary  arteries. 

The  veins  are  arranged  in  a 
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Terns  possess  considerable  strength,  more  even  according  to  some 
authorities,  than  arteries  of  the  same  calibre.  The  number  of  their 
coats  has  been  differently  reckoned,  and  the  tissues  composing  them 
differently  described  by  different  writers,  and  this  discrepancy  of  state- 
ment is  perhaps  partly  due  to  the  circumstance  that  all  veins  are  not 
perfectly  alike  in  structure.  In  most  veins  of  tolerable  size,  three  coats 
may  bo  distinguished,  which,  as  in  the  arteries,  have  been  named  ex- 
ternal, middle,  and  internal. 

Internal  coat— This  is  less  brittle  than  that  of  the  arteries,  and 
therefore  admits  of  being  more  readily  peeled  off  without  tearing  ; but, 
in  other  respects,  the  two  are  much  alike.  It  consists  of  an  epithelioid 
layer,  a subepithelial  connective  tissue  layer,  said  to  be  the  most  marked 
in  the  smaller  veins,  and  the  usual  elastic  layers ; these  occur  as  dense 
lamelliform  networks  of  longitudinal  elastic  fibres,  and  but  seldom  as 


fenestrated  membranes. 

Middle  coat. — This  coat  is  much  thinner  than  that  of  the  arteries, 
and  its  muscular  tissue  has  a much  larger  admixture  of  white  connec- 
tive tissue.  Its  fibres  are  both  longitudinal  and  circular,  the  one  set 
alternating  with  the  other  in  layers.  The  former  are  well-developed 
elastic  fibres,  longitudinally  reticulating  ; the  circular  layers  consist  of 
bundles  of  muscular  fibre-cells  and  white  connective  tissue,  mixed  with 
a smaller  proportion  of  fine  elastic  fibres.  In  medium-sized  veins  the 
middle  coat  contains  several  successions  of  the  circular  and  longitudinal 
layers,  but  the  latter  are  all  more  or  less  connected  together  by  elastic 
fibres  passing  through  the  intervening  circular  layers.  In  the  larger 
veins  the  middle  coat  is  less  developed,  especially  as  regards  its  mus- 
cular fibres,  but  in  such  cases  the  deficiency  may  be  supplied  by  muscu- 
larity of  the  outer  coat.  The  middle  coat  is  wanting  altogether  in  most 
of  the  hepatic  part  of  the  vena  cava,  and  in  the  great  hepatic  veins 
(Kolliker)  ; its  muscularity  is  best  marked  in  the  splenic  and  portal  veins. 

External  coat. — This  is  usually  thicker  than  the  middle  coat ; it 
consists  of  dense  areolar  tissue  and  longitudinal  elastic  fibres.  In  cer- 
tain large  veins,  as  pointed  out  by  Remak,  this  coat  contains  a consi- 
derable amount  of  plain  or  non-striated  muscular  tissue.  The  muscular 
elements  are  well  marked  in  the  whole  extent  of  the  abdominal  cava, 
in  which  they  form  a longitudinal  network,  occupying  the  inner  part  of 
the  external  coat ; and  they  may  be  traced  into  the  renal,  azygos,  and 
external  iliac  veins.  The  muscular  tissue  of  the  external  coat  is  also  well 
developed  in  the  trunks  of  the  hepatic  veins  and  in  that  of  the  vena 
portae,  whence  it  extends  into  the  splenic  and  superior  mesenteric. 


Other  veins  present  peculiarities  of  structure,  especially  in  respect  of  muscu- 
larity. 1.  The  striated  muscular  tissue  of  the  auricles  of  the  heart  is  prolonged 
for  some  way  on  the  adjoining  part  of  the  venae  cavae  and  pulmonary  veins. 
2.  The  plain  muscular  tissue  is  largely  developed  in  the  veins  of  the  gravid  uterus, 
in  which,  as  well  as  in  some  other  veins,  it  is  described  as  being  present  in  all 
three  coats.  3.  On  the  other  hand,  muscular  tissue  is  wanting  in  the  following 
a’  ^10se_  the  maternal  part  of  the  placenta ; b,  most  of  the  veins 
ot  the  brain  and  pia  mater ; c,  the  veins  of  the  retina  ; d,  the  venous  sinuses  of 
e ura  mater  ; c,  the  cancellar  veins  of  the  bones  ; f,  the  venous  spaces  of  the 
corpora  cavernosa.  In  most  of  these  cases  the  veins  consist  merely  of  an  epithe- 
oi  aj  er  ant  a layer  or  layers  of  connective  tissue  more  or  less  developed  ; in 
the  corpora  cavernosa  the  epithelium  is  applied  to  the  trabecular  tissue.  It  may 
e ac  e a uy  ie  thickness  of  their  coats  the  superficial  veins  surpass  the 
deep,  and  the  veins  of  the  lower  limbs  those  of  the  upper. 
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The  coats  of  the  veins  are  supplied  with  nutrient  vessels,  vasa 
msorvm,  in  the  same  manner  as  those  of  the  arteries.  Nerves  are 
distributed  to  them  in  the  same  manner  as  to  the  arteries,  but  in  far 
less  abundance. 


Vital  properties. — Veins,  when  in  a healthy  condition,  appear,  like  arteries,  to 
he  almost  devoid  of  sensibility.  They  possess  vital  contractility,  which  shows  itself 
in  the  same  manner  as  that  of  the  arteries,  but  is  greatly  inferior  in  degree,  and 
much  less  manifest.  The  muscular  parts  of  the  great  veins,  near  the  auricles  of 
the  heart,  on  being  stimulated,  in  recently-killed  quadrupeds,  exhibit  quick  and 

decided  contractions,  somewhat  resemb- 
ling those  of  the  amides  themselves. 
Wharton  Jones  discovered  a rhythmic 
pulsation  in  the  veins  of  the  bat’s  wing, 
the  pulsation  occurring  from  ten  to 
twelve  times  in  a minute  ; and  it  is 
worthy  of  note  that  the  muscular  tissue 
of  these  vessels  is  non-striated  as  in 
other  veins. 

Valves. — Most  of  the  veins  are 
provided  with  valves,  a mechanical 
contrivance  beautifully  adapted  to 
prevent  the  reflux  of  the  blood. 
The  valves  are  formed  of  semi- 
lunar folds  of  the  internal  coat, 
strengthened  by  included  connec- 
tive tissue,  which  project  oblique- 
ly into  the  vein.  Most  commonly 
two  such  folds  or  flaps  are  placed 
opposite  each  other  (fig.  114,  a); 
the  convex  border  of  each  (which, 
according  to  Haller,  forms  a para- 
bolic curve)  is  connected  with  the 
side  of  the  vein;  the  other  edge 
is  free,  and  points  towards  the  heart,  or  at  least  in  the  natural 
direction  of  the  current  of  the  blood  along  the  vessel,  and  the  two 
flaps  obliquely  incline  towards  each  other  in  this  direction.  More- 
over the  wall  of  the  vein  immediately  above  (or  nearer  the  heart  than) 
the  curved  line  of  attachment  of  the  valves,  is  dilated  into  a pouch  or 
sinus  on  each  side  (fig.  114,  b),  so  that,  when  distended  with  blood  or 
by  artificial  injection,  the  vessel  bulges  out  on  each  side,  and  thus  gives 
rise  to  the  appearance  of  a knot  or  swelling  wherever  a valve  is  placed 
{as  in  fig.  114,  c).  From  the  above  description,  it  is  plain  that  the  valves 
are  so  directed  as  to  offer  no  obstacle  to  the  blood  in  its  onward  flow, 
but  that,  when  from  pressure  or  any  other  cause  it  is  driven  backwards, 
the  refluent  blood,  getting  between  the  dilated  wall  of  the  vein,  and  the 
flaps  of  the  valve,  will  press  them  inwards  until  their  edges  meet  in  the 
middle  of  the  channel  and  close  it  up. 


Eig.  114.  —Diagrams 


showing  Valves 
of  Veins. 


A.  Part  of  a vein  laid  open  and  spread 
out,  with  two  pairs  of  valves.  B.  Longitu- 
dinal section  of  a vein,  showing  the  apposi- 
tion of  the  edges  of  the  valves  in  their  closed 
state.  C.  Portion  of  a distended  vein,  ex- 
hibiting a swelling  in  the  situation  of  a pair 
of  valves. 


The  valvular  folds  are  usually  placed  in  pairs  as  above  described  ; in  the  veins 
of  the  horse  and  other  large  quadrupeds  three  are  often  found  ranged  round  the 
inside  of  the  vessel  ; but  this  rarely  occurs  in  the  human  body.  On  the  other 
hand  the  valves  are  placed  singly  in  some  of  the  smaller  veins,  and  m large 
veins’ single  valves  are  not  unfrequently  placed  over  the  openings  of  smaUer 
entering  branches  ; also  in  the  right  auricular  sinus  of  the  heart  there  is  a single 
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crescentic  fold  at  the  orifice  of  the  vena  cava  inferior,  and  another  more  com- 
pletely covering  the  opening  of  the  principal  coronary  vein. 

Many  veins  are  destitute  of  valves.  Those  which  measure  less  than  a lme  m 
diameter  rarely,  if  ever,  have  them.  In  man,  valves  are  wanting  in  the  trunks  of 
the  superior  and  inferior  veme  cavaj,  in  the  trank  and  branches  of  the  portal 
vein  in  the  hepatic,  renal,  and  uterine  veins  ; also  in  the  spermatic  (ovarian) 
veins  of  the  female.  In  the  male,  these  last-mentioned  vems  have  valves  in 
their  course  and  in  each  sex  a little  valve  is  occasionally  found  in  the  renal  vein, 
placed  over  the  entrance  of  the  spermatic.  The  pulmonary  veins,  those  within 
the  cranium  and  vertebral  canal,  and  those  of  the  cancellated  texture  of  bone,  as 
well  as  the  trunk  and  branches  of  the  umbilical  vein,  are  without  valves.  Valves 
are  not  o-enerally  found,  and  when  present  are  few  in  number,  in  the  azygos  and 
intercostal  veins.  On  the  other  hand,  they  are  numerous  in  the  veins  of  the 
limbs  (and  especially  of  the  lower  limbs),  which  are  much  exposed  to  pressure  in 
the  muscular  movements  or  from  other  causes,  and  have  often  to  support  the 
blood  against  the  direction  of  gravity.  No  valves  are  met  with  in  the  veins  of 
reptiles  and  fishes,  and  not  many  in  those  of  birds. 


Fig.  115. 


SMALLER  ARTERIES  AND  VEINS  AND  CAPILLARIES. 

That  the  blood  passes  from  the  arteries  into  the  veins  was  of  course 
a necessary  part  of  the  doctrine  of  the  circulation,  as  demonstrated  by 
Harvey;  but  the  mode  in  which  the  passage  takes  place  was  not 
ascertained  until  some  time  after  the  date  of  his  great  discovery.  The 
discovery  of  the  capillary  vessels,  and  of  the  course  of  the  blood  through 
them,  was  destined  to  be  one  of  the  first  fruits  of  the  use  of  the  micro- 
scope in  anatomy  and  physiology,  and  was  reserved  for  Malpighi  (in 
1661). 

When  the  web  of  a frog’s  foot  is  viewed  through  a microscope  of 
moderate  power  (as  in  fig.  115),  the  blood  is  seen  passing  rapidly  along 
the  small  arteries,  and  thence  more  slowly 
through  a network  of  finer  channels,  by 
which  it  is  conducted  into  the  veins. 

These  small  vessels,  interposed  between 
the  finest  branches  of  the  arteries  and  the 
commencing  veins,  are  the  capillary  vessels. 

They  may  be  seen  also  in  the  lungs  or 
mesentery  of  the  frog  and  other  batra- 
chians,  and  in  the  tail  and  gills  of  their 
larva3  : also  in  the  tail  of  small  fishes  ; 
in  the  mesentery  of  mice  or  other  small 
quadrupeds  ; and  generally,  in  short,  in 
the  transparent  vascular  parts  of  animals 
which  can  readily  be  brought  under  the 
microscope.  These  vessels  can  also  be 
demonstrated  by  means  of  fine  injections 
of  coloured  material,  not  only  in  mem- 
branous parts,  such  as  those  above  men- 
tioned, but  also  in  more  thick  and  opaque 
tissues,  which  can  be  subsequently  rendered 
transparent. 

The  capillary  vessels  of  a part  are  most 
commonly  arranged  in  a network,  the  branches  of  which  are  of 
tolerably  uniform  size,  though  not  all  strictly  equal  ; and  thus  they 
do  not  divide  into  smaller  branches  like  the  arteries,  or  unite  into 


Fig.  115. — Capillary  Blood- 
Vessels  in  the  Web  of  a 
Frog’s  Foot  as  seen  with  the 
Microscope  (after  Allen  Thom- 
son). 

The  arrows  indicate  the  course 
of  the  blood. 
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larger  ones  like  the  veins  ; but  the  diameter  of  the  tubes,  as  well  as 
the’  shape  and  size  of  the  reticular  meshes  which  they  form,  differs 
in  different  textures.  Their  prevalent  size  in  the  human  body  may, 
speaking  generally,  be  stated  at  from  -j-sVo  2 o\>  o of  inch,  as 

measured  when  naturally  filled  with  blood.  But  they  are  said  to  be 
in  some  parts  considerably  smaller,  and  in  others  largei  than  this 
standard:  thus,  Weber  has  measured  injected  capillaries  in  the 
brain,  which  he  found  to  be  not  wider  than  ttVo  un  ^nc^1>  ar)d 
Henle  has  observed  some  still  smaller, — in  both  cases  apparently 
smaller  than  the  natural  diameter  of  the  blood-corpuscles. _ The 
capillaries,  however,  when  deprived  of  blood,  probably  shrink  m 
calibre  immediately  after  death;  and  this  consideration,  together 
with  the  fact  that  their  distension  by  artificial  injection  may  exceed 
or  fall  short  of  what  is  natural,  should  make  us  hesitate  on  such 
evidence  to  admit  the  existence  of  vessels  incapable  of  receiving  the  red 
particles  of  the  blood.  The  diameter  of  the  capillaries  of  the  marrow, 
or  of  the  medullary  membrane,  is  stated  as  high  as  ■1210q  m an  ia  . 
In  other  parts,  their  size  varies  between  these  extremes  : it  is  small  in 
the  lungs,  small  also  in  muscle  ; larger  m the  skin  and  mucous  mem- 
branes The  extreme  branches  of  the  arteries  and  the  commencing  veins 
in  certain  parts  of  the  synovial  membranes  are  connected  by  capillary 
loops,  which  are  considerably  dilated  at  their  point  of  flexure. 

There  are  differences  also  in  the  size  or  width  of  the  meshes  of  the 
capillary  network  in  different  parts,  and  consequently  m the  number  of 
vessels  distributed  in  a given  space,  and  the  amount  of  blood  supplied 
to  the  tissue  The  network  is  very  close  m the  lungs  and  m the  choioid 
coat  of  the  eye,  close  also  in  muscle,  in  the  skin,  and  m most  mucous 


Fig.  116. 


Fig.  117. 


v.  116 Injected  Capillary  Vessels  oe  Muscle,  seen  with  a low  magnifying 

rl='  POWER. 

v-  117 Network  of  Capillary  Vessels  of  the  Air-Cells  of  the  Horse  s Lung, 

magnified. 

a,  a,  capillaries  proceeding  from  l,  l,  terminal  branches  of  the  pulmonary 
(after  Frey). 

membranes,  in  glands  and  secreting  structures,  and  in  the  grey  par 
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118. 


of  the  brain  and  spinal  cord.  On  the  other  hand,  it  has  wide  meshes 
and  comparatively  few  vessels  in  the  ligaments,  tendons,  and  other 
allied  textures.  In  infants  and  young  persons,  the  tissues  are  more 
vascular  than  in  after-life  ; growing  parts,  too,  are  more  abundantly 
supplied  with  vessels  than  those  which  are  stationary. 

The  figure  of  the  capillary  network  is  not  the  same  in  all  textures. 
In  many  cases  the  shape  of  the  meshes  seems  accommodated  to  the 
arrangement  of  the  elements  of  the  tissue  in  which  they  lie.  Thus  in 
muscle,  nerve,  and  tendon,  the  meshes  are  long  and  comparatively 
narrow,  and  run  conformably  with  the  fibres  and  fasciculi  of  these 
textures  (fig.  116).  In  other  parts  the  meshes  are  rounded  or  poly- 
gonal, with  no  one  dimension  greatly  predominating  (fig.  117).  In 
the  smaller-sized  papillae  of  the  skin  and  mucous  membranes,  the 
vessels  of  the  network  are  often  drawn  out  into  prominent  loops. 

Structure  of  the  Smaller-sized  Vessels  and  Capillaries.  —The 
smallest  arteries  and  veins  pass  by  gradual  transition  into  the  capil- 
lary vessels,  and  their  finest  offsets  approach  very  near  to  these  in  struc- 
ture ; they  may  therefore  be  con- 
veniently considered  together. 

The  wall  of  the  capillaries  proper 
is  formed  entirely  of  a simple 
epithelioid  layer,  composed  of  flat- 
tened lanceolate  cells  joined  edge  to 
edge,  and  continuous  with  the  cor- 
responding layer  which  lines  the 
arteries  and  veins.  The  outlines  of 
the  cells  or  their  lines  of  junction 
one  with  another  may  be  made  ap- 
parent by  nitrate  of  silver  ; after 
which  the  nuclei  may  be  brought 


into  view  by  logwood  or  carmine 
(fig.  118).  Commonly  there  are  not 
more  than  two  or  three  such  cells 
in  the  cross  section  of  a capillary, 
but  there  may  be  four  or  five.  At 
the  points  of  junction  of  the  capil- 
laries the  cells  are  much  broader 
and  not  spindle-shaped,  but  radiate, 
with  three  or  four  pointed  branches 
fitting  in  between  the  cells  of  the 
three  or  four  adjoining  vessels  which 
meet  at  the  spot  (fig.  118  c). 


Fig.  118.  — Capillary  Vessels  from 
Bladder  of  Cat  magnified  (after 
Chrzonszczewsky. ) 

_ The  outlines  of  the  cells  are  stained  by 
nitrate  of  silver. 


in  the  process  of  p10cc?',G,s  ^rom  capillary  wall  has  been  observed,  not  only 
£ tte  the  mamier  40  be  afterwards  detailed,  but  also 

for » *i;e,,rog's 

as  of  a protoplasmic  nature.  ^ whloiL  com])OSe  these  vessels  are  regarded 

nected  more  owlets  Intin^  tissue  are  sometimes  found  con- 

more  especially  the  case  in  partem  p*1086  fonn]n«  the  capillary  wall ; this  is 
retiform  connective  tissue  Psncb  ' U+p  are  Pervaded  by  a supporting  network  of 
solitary  and  agminated  iktestinnl  S"bstan.ce  °f. tlie  lymphatic  glands,  the 
where  the  small  vessels  and  n ?lands  and  adjacent  mucous  membrane, 
vol.  ii.  capillaries  may  even  obtain  a continuous  covering 

N 
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from  the  reticulating  processes  of  the  cells.  This  coating  has  been  named  by 
His,  the  adventitia  capillaris. 

In  vessels  one  or  two  degrees  larger  (small  arteries  and  "veins),  there 
is  added  outside  the  epithelioid  layer  (fig.  119,  a,  a),  a layei  oi  plain 


Fig.  119. 


Fig  ii9. _A  Small  Artery  A,  and  vein  V,  from  the  Sub°htaneous  Connectivb 
* g‘  Tissue  of  the  Rat.  Treated  with  Nitrate  of  Silver.  1/5  Diame  • 

„,  epithelioid  cells  with  S,  S',  their  euclei  J »,  »,  f «« vet*™ 
staining  of  substance  between  the  muscular  fibre-cells , c,  c,  nuclei  o 
corpuscles  attached  to  exterior  of  vessel. 

muscular  tissue,  in  form  of  the  usual  , iMong 

which  are  directed  across  the  length  of  the  vessel  (tv  ,/ 

The  elongated  nuclei  of  these  cells  may  be 

means  of  acetic  acid,  as  shown  in  fig.  120.  This  layer  co 

•roith  the  middle  or  muscular  coat  of  the  aitenes.  in 

vessels  to  which  it  appears  the  muscular  cells  are  few  and  apart,  and 
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single  long  cell  may  turn  spirally  round  the  tube  (Lister) ; in  larger 
vessels,  especially  those  of  the  arterial  system,  they  are  of  course  more 
densely  laid  on.  Outside  the  muscular  coat  is  the  areolar  or  connective 
tissue  coat,  containing  fibres  and  connective  tissue  corpuscles,  with 
longitudinally  placed  nuclei. 

In  vessels  of  of  an  inch  in  diameter,  or  even  less,  the  elastic  layers 
of  the  inner  coat  may  be  discovered  (fig.  120,  A,  §),  in  the  form 


Fig.  120. 


Fig. 


120.- 


A Small  Artery  A,  with  a corresponding  vein  B,  treated  with  Acetic! 
Acid,  and  magnified  350  Diameters  (after  Kolliker). 

TDiaa  °Lat  wMl  eIonSated>uclei ; ft  nuclei  of  the  transverse  muscular  tissue  of  the 

^ nulTS fchen?Ler endwi5>  “ a*  the  sides  of  the  vessel,  their  outline  is  circular)  ; 
7,  nuclei  of  the  epithelium-cells  ; 5,  elastic  layers  of  the  inner  coat. 

E5  °f  homogeneous  or  fenestrated  membrane,  more  rarely  of 
longitudinal  reticulating  elastic  fibres.  The  small  veins,  but  two  or 

ste  ehiXln  11?“'  r6  ?apillarie8’  differ  from  arteriea  of  corresponding 
SSj”"1'  ™fenor  development  of  their  muscular  tissue ; thl 

thoseV  the  veil’!  “mi™'5  are  TerI  much  longer  and  narrower  than 

corresponding  vessel  'CSe  dl®Jr?I10es>  as  well  as  the  comparative  size  of 
P b sels,  are  well  shown  in  the  accompanying  figures. 

tenutaationof  arteries  is  in  veins, 
the  maternal  „rt  °f  0aPallu7  vessels  as  above  described,  unless  in 

it  has  been  supposed  Ih^S  A “ ‘he  “terior<>t  “ectile  organs,  in  which 
the  intervention  of  canillaripq  a,'  Tcnes  °Pen  mto  'wide  venous  cavities  without 
do  not  at  once  unite  into  th*  oreover>  111  the  spleen,  the  arterial  capillaries 

interstices  of  the  or^Sr^  °f  the  7eins’  but  °Pen  into  the 
It  is  said  that  in  certain  m J? ^ich  the  mmute  veins  coBect  the  blood. 

the  intervention  of  true  capaiarie“  With°a 
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Fig.  121. 


Erectile,  or  cavernous  tissue. — By  tliis  term  is  understood  a peculiar  structure, 
forming  the  principal  part  of  certain  organs  which  are  capable  of  being  rendered 
turgid  or  erected,  by  distension  with  blood.  It  consists  of  dilated  and  freely 
intercommunicating  branches  of  veins,  into  which  arteries  pom-  their  blood, 
occupying  the  areola)  of  a network  formed  by  fibrous,  elastic,  and  probably  con- 
tractile bands,  named  trabecula),  and  enclosed  in  a distensible  fibrous  envelope. 
This  peculiar  arrangement  of  the  blood-vessels  scarcely  deserves  to  be  regarded  as 
constituting  a distinct  texture,  though  reckoned  as  such  by  some  writers  - it  is 
restricted  to  a very  few  parts  of  the  body,  and  m these  is  not  altogether  uniform 
in  character  • the  details  of  its  structure  will,  therefore,  be  considered  with  the 
•special  description  of  the  organs  in  which  it  occurs. 

DEVELOPMENT  OF  BLOOD-VESSELS. 

The  first  vessels  which  appear  are  formed  within  the  ovum,  in  the 
germinal  membrane,  and  the  process  subsequently  goes  on  m growing 
parts  of  the  animal  body.  New  vessels,  also,  are  formed  m the  healing 
1 of  wounds  and  sores,  m 

the  organisation  of  effused 
lymph,  in  the  restoration  of 
lost  parts,  and  in  the  pro- 
duction of  adventitious 
growths.  The  process  is  in 
every  case  essentially  the 
same,  although  more  or  less 
modified  according  to  cir- 
cumstances. 

The  first  vessels  of  the 
embryo  chick,  those,  namely, 
which  produce  the  vascular 
area,  originate  from  nu- 
cleated cells  belonging  to 
the  middle  germinal  layer. 
Within  these  cells  vacuoles 
are  formed  and,  increasing 
in  size,  a cavity  filled  with 
fluid  is  in  this  way  produced 
in  the  interior  of  the  cell 
(fig.  121,  a).  Blood-corpus- 

cles  U)  are  found  at  an  early  period  within  the  earity  : the  mode > m 
which  they  become  developed  has  been 

cells,  whilst  these  changes  aie  gom&  » reddish  specks,  which 

form  vesicles,  visible  to  the  naked - eye  as ^mmute  y The7 

have  been  known  since  the  time  ol  f ancier  out  pr0. 

are  at  first  isolated,  as  the  name  implies,  but  after  a 41  , h icE 

cesses  which  unite  with  those  of  neighbouring  cells,  and l the  cam. 
becoming  extended  into  these  processes  a network  of  vessels  is  by 

this  means  produced.  . . • +pprPfore  composed  at  first 

c"afew 

* We  are  here  mainly  following  Klein’s  description  (Vrener  ^QuarLriy  Journal  of 

but  according  to  the  more .recent  meS.  of  processes"  into  a 

JS555&  substance  of  which,  b,  the  multiplication  of  the  «*•«» 
blood-corpuscles  subsequently  become  developed. 


Fig.  121. — Cells  prom  Middle  Layer  of  Chicks 
Blastoderm  undergoing  development  into 
Blood-Vessels.  Magnified. 


d,  blood-corpuscles  (from  Klein). 
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nuclei,  derived  by  division  from  the  original  nuclei  of  those  cells, 
imbedded  in  it  here  and  there.  Subsequently  the  protoplasm  spreads 
out  and  becomes  differentiated  around  the  nuclei  into  the  flattened  cells 
which  compose  the  wall  of  the  capillaries,  and  which  form  the  lining 
membrane  of  the  arteries  and  veins.  The  remaining  coats  of  the  larger 
vessels  are  developed  later  from  cells  which  come  to  apply  themselves  to 
the  exterior  of  the  previously  simple  tubes  and  produce  the  plain 
muscular  and  other  tissues  of  which  those  coats  consist. 

The  process  of  formation  of  the  blood-vessels  has  not  been  so  com- 
pletely traced  within  the  body  of  the  embryo  chick,  but  there  is  no 
doubt  that  it  is  in  all  respects  similar.  In  mammalia  they  are  pro- 
duced in  like  manner  from  vacuolated  cells  belonging  to  the  con- 
nective tissue.  The  most  favourable  object  for  the  study  of  the 
development  of  the  blood-vessels  and  their  contained  blood-corpuscles 
is  afforded  by  the  subcutaneous  tissue  of  the  new-born  rat,  especially 
those  parts  in  which  fat  is  being  deposited. 

Here  we  observe  that  many  of  the  connective  tissue  corpuscles 
are  excessively  vacuolated  (fig.  122,  v),  and  the  protoplasm  of  some 

Fig.  122. 


y 


b>EVEL0PMENT  or  Blood-vessels  and  Blood-Corpuscles  in  the  Connective 

TISSUE.  iROil  THE  SUBCUTANEOUS  TlSSUE  OP  THE  NEW-BORN  Rat,  EXAMINED  IN 
bALT-SOLUTION  (£  PER  CENT.),  AND  MAGNIFIED  ABOUT  350  DIAMETERS. 

n ’ cebs  coytainiug  blood-corpuscles  in  various  stages  of  development;  in 
? ’ i isn  matter  is  mainly  in  two  large  roundish  ill-defined  patches  ; in  n,  the 

St“gIobul-  arE  o£  nearly  equal  size,  and  fill  the  cell  ; a little  above  this  cell 
exhibit  in  nrlrrr^1^  t n’ce  sucb  globules  ; the  nucleus  is  also  apparent  ; n',  and  n", 
amolied  toannU,I°n  n Tnber  °f  vacuoles  i vacuolated  cell  without  blood  corpuscles, 
K S Cel1  be  vacuoles  of  which  have  united  to  form  a cavity  in  wMch  two 

canmiTvessi  r'T  l “*  ?bserved  1 this  cel1  is  ioia«l  to  the  end  of  the  developing 
SrS!  ’C’Z r.tl°n  °{  f ^'developed  capillary  ; /,  /',  cells  in  which  fat  is 

lated  celf  of  the  connective  52^  • ^ ca)?lllai7>  between  iij  and  fhr>  fibri1’ 

e tissue  , </,  granular  connective  tissue  corpuscle  ; l,  leucocyte. 

Presen^  a decided  reddish  tinge.  In  others  the  red  matter 
has  become  condensed  in  the  form  of  globules  within  the  cells  (n,  n. 
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Fig.  123. 


&c.),  varying  in  size  from  minute  specks  to  spheroids  of  the  diameter 
of  a blood-corpuscle,  or  more.  At  some  parts  the  tissue  is  completely 
studded  with  these  cells,  each  containing  a number  of  such  spheroids, 
and  forming,  as  it  were,  “ nests  ” of  blood-corpuscles  or  minute  “ blood- 
islands.”  After  a time  the  cells,  previously  rounded,  become  elongated 
and  pointed  at  their  ends,  sending  out  processes  also  to  unite  with 

neighbouring  cells.  At  the  same 
time  the  vacuoles  in  their  interior 
become  enlarged,  and  coalesce  to 
form  a cavity  within  the  cell,  in 
which  the  reddish  globules,  which 
are  now  becoming  disk-shaped, 
are  found.  Finally  the  cavity 
extends  through  the  cell  processes 
into  those  of  neighbouring  cells 
and  into  those  sent  out  from  pre- 
existing capillaries  (c).  Young 
capillaries  do  not  exhibit  the 
well-known  silver  lines  when 
treated  with  that  reagent,  for  the 
differentiation  of  the  hollowed 
cells  and  cell-processes  into  flat- 
tened cellular  elements  is  usually 
a subsequent  process. 

The  mode  of  extension  of  the 
vascular  system  in  growing  parts, 
as  well  as  in  pathological  new 
formations,  is  quite  similar  to 
that  here  described,  except  that 
blood-corpuscles  are  not  as  a 
rule  previously  developed  within 
the  cells  which  are  to  form  the 
blood-vessels.* 

In  the  tail  of  batracliian  larva?  the 
process  has  long  been  studied  and  is 
represented  in  the  adjoining  figure 
(fig.  123)  by  Kolliker,  in  which  the 
processes  of  a stellate  cell  are  seen  to 
meet  and  join  with  similar  pointed 
processes  which  shoot  out  from  the 
sides  of  neighbouring  capillary  vessels, 
and  in  this  manner  the  new  vessels 
are  adopted  into  the  existing  system. 
The  junctions  of  the  cells  with  each 
other  or  with  capillary  vessels  are,  at 
first,  of  great  tenuity,  and  contrast 
strongly  with  the  central  and  wider 
parts  of  the  cells  ; they  appear  then  to 
be  solid,  but  they  afterwards  become 
pervious  and  gradually  widen,  blood 
begins  to  pass  through  them,  and  the  capillary  network  acquires  ^ tolerab  y 
uniform  calibre.  The  original  vascular  network  may  become  closer  by  the  foi 

* A formation  of  blood-corpuscles'and  vessels  from  cartilage-cells  has  been,  described 
by  Heitzmann  as  occurring  in  ossifying  cartilage. 


Fig.  123. — Capillary  Blood-Vessels  of 
the  Tail  of  a very  Young  Frog  Larva, 
magnified  350  Diameters  (after  Kol- 
liker). 

a,  capillaries  permeable  to  blood ; b, 
granules,  attached  to  the  walls  of  the  vessels 
and  concealing  nuclei ; c,  hollow  prolongation 
of  a capillary,  ending  in  a point  ; d,  a 
branched  cell,  containing  a nucleus  and 
granules,  and  communicating  by  three 
branches  with  prolongations  of  capillaries 
already  formed  ; e,  blood-corpuscles. 


lymphatic  system. 
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tion  of  new  vessels  in  its  interstices,  and  this  is  effected  by  similarly  metamor- 
phosed cells,  arising  in  the  areolae  and  joining  at  various  points  with  the 
surrounding  vessels,  and  also  simply  by  pointed  _ offshoots  from  the  existing 
capillaries  stretching  across  the  intervals  and  meeting  from  opposite  sides,  so  as 

when  enlarged  to  form  new  connecting  arches.  _ . . . 

The  blood-vessels  may  be  said  to  increase  m size  and  capacity  in  proportion  to 
the  demands  made  on  their  service.  Thus,  as  the  uterus  enlarges  in  pregnancy, 
its  vessels  become  enlarged,  and  when  the  main  artery  of  a limb  is  tied,  or 
otherwise  permanently  obstructed,  collateral  branches,  originally  small  and  insig- 
nificant. augment  greatly  in  size,  to  afford  passage  to  the  increased  share  of  blood 
which  they  are  required  to  transmit,  and  by  this  admirable  adaptation  of  them 
to  the  exigency,  the  circulation  is  restored.  In  such  cases,  an  increase  takes  place 
in  lengthfas  well  as  in  diameter,  and  accordingly  the  vessels  very  commonly 
become  tortuous. 


LYMPHATIC  SYSTEM. 

Under  this  head  we  include  not  only  the  vessels  specially  called 
lymphatics  or  absorbents,  together  with  the  glands  belonging  to  them, 
but  also  those  named  lacteal  or  chyliferous,  which  form  part  of  the  same 
system,  and  differ  in  no  respect  from  the  former,  save  that  they  not 
only  carry  lymph  like  the  rest,  but  are  also  employed  to  take  up  the 
chyle  from  the  intestines  during  the  process  of  digestion  and  convey  it 
into  the  blood.  An  introductory  outline  of  the  lymphatic  system  has 
already  been  given  at  page  37. 

A system  of  lymphatic  vessels  is  superadded  to  the  sanguiferous  in 
all  classes  of  vertebrated  animals,  but  such  is  not  the  case  in  the  inver- 
tebrata;  in  many  of  these,  the  sanguiferous  vessels  convey  a colourless 
or  nearly  colourless  blood,  but  no  additional  class  of  vessels  is  provided 
for  conveying  lymph  or  chyle,  at  least  none  suck  has  hitherto  been 
detected. 

Distribution. — In  man  and  those  animals  in  which  they  are  present, 
the  lymphatic  vessels  are  found  in  nearly  all  the  textures  and  organs 
which  receive  blood  ; the  exceptions  are  few,  and  with  the  progress  of 
discovery  may  yet  possibly  disappear.  It  is,  however,  with  the  con- 
nective tissue  of  the  several  textures  and  organs  that  the  lymphatics 
are  most  intimately  associated ; indeed,  as  we  shall  immediately  have 
occasion  to  notice,  these  vessels  may  be  said  to  take  origin  in  spaces  in 
that  tissue.  The  larger  lymphatic  trunks  usually  accompany  the 
deeply-seated  blood-vessels ; they  convey  the  lymph  from  the  plexuses 
or  sinuses  of  origin  towards  the  thoracic  duct.  The  principal  lymph- 
atic vessels  of  a part  exceed  the  veins  in  number  but  fall  short  of  them 
in  size;  they  also  anastomose  or  intercommunicate  much  more  fre- 
quently than  the  veins  alongside  of  which  they  run. 

It  not  unfrequently  happens  that  a lymphatic  vessel  may  ensheath  an 
artery  or  vein  either  partially  or  wholly.  In  the  latter  case  the  lymph- 
atic is  termed  “ perivascular.” 

Origin. — Two  modes  of  origin  of  lymphatic  vessels  are  described, 
viz.,  the  plexiform  and  the  lacunar. 

Plexiform.  In  this  mode  of  origin,  which  is  by  far  the  most  general, 
and  is  met  with  in  its  most  typical  form  on  the  surface  of  aponeurotic 
stiuctures  such  as  the  central  tendon  of  the  diaphragm  (fig.  124),  the 
vessels  begin  in  form  of  irregular  networks  or  plexuses  which  are  at 
vai lous  points  in  connection  with  the  cell-spaces  of  the  connective 
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tissue  in  which  they  lie.  The  manner  of  this  connection  will  be 
more  fully  considered  after  the  structure  of  these  “ lymphatic  capil- 
laries ” (as  the  vessels  forming  the  plexuses  of  origin  are  termed)  has 


Fig.  121. 


Fig.  124. — Lymphatic  Plexus  op  Central  Tendon  of  Diaphragm  of  Rabbit,  Pleural 

Side  (Klein).  Magnified. 

a larger  vessels  with  lanceolate  cells  and  numerous  valves  ; b,  c,  lymphatics  of  origin, 
with  wavy-bordered  cells.  Here  and  there  an  isolated  patch  of  similar  cells. 


been  explained.  Out  of  these  plexuses  larger  vessels  emerge  at  various 
points  and  proceed  to  enter  lymphatic  glands  or  to  form  larger  lym- 
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Fig.  125. 


Fig.  125. 


•Lymphatic  Yesse  ls 
op  the  Skin  of  the 
Breast  injected  (after 
Brescliet). 

a,  superficial,  and  b,  deeper 
plexus  ; c,  a lymphatic  vessel, 
which  proceeded  to  the  axil- 
lary glands. 


phatic  trunks  In  certain  structures,  such  as  the  skin,  the  plexuses 
consist  of  several  strata,  becoming  finer  as  they  approach  the  surface, 
in  aspect  both  of  the  calibre  of  the  vessels  and  the  closeness  of  then- 
reticulation.  as  is  shown  in  figure  125.  But  even  the  most  superficial 
and  finest  network  is  composed  of  vessels 
which  are  larger  than  the  sanguiferous 
capillaries. 

The  short  anastomosing  branches  of  these 
plexuses  are  often  of  very  unequal  size,  even  in 
the  same  stratum,  some  being  dilated  and 
almost  saccular,  whilst  others  immediately 
communicating  with  these  are  narrow,  so 
that  the  network  may  assume  a varicose 
character  (see  fig.  124).  In  some  situations 
the  plexuses  have  much  the  appearance  of 
strata  of  intercommunicating  cavities,  and  a 
characteristic  example  of  this  appearance  is 
afforded  by  the  intestine  of  the  turtle  after 
its  lymphatics  have  been  injected  with  mer- 
cury ; these  vessels  are  then  seen  to  emerge 
from  what  has  all  the  appearance  of  a dense 
stratum  of  small  rounded  saccules  filled 
with  mercury  and  lying  beneath  the  surface  of 

the  mucous  coat.  This  appearance,  however,  is  produced  by  the  short 
distended  branches  of  a very  close  lymphatic  network. 

Here  and  there  vessels  are  seen  joining  the  plexuses  of  origin  which 
arise  in  the  tissue  by  a blind  and  often  irregular  extremity.  A long- 
known  and  well-marked  example  of  such  a mode  of  commencement  is  to 
be  found  in  the  lacteals  of  the  intestinal  villi,  which,  although  they  form 
networks  in  the  larger  and  broader  villi,  arise  in  others  by  a single 
vessel  beginning  with  a blind  or  closed  extremity  at  the  free  end  of  the 
villus,  whence  it  sinks  down  to  join  the  general  plexus  of  the  intestinal 
membrane. 

Lacunar. — In  the  lacunar  mode  of  origin  of  the  lymphatics,  which 
was  shown  to  exist  in  the  testis  by  Ludwig  and  Tomsa,  and  has  since 
been  described  in  some  other  glandular  organs,  the  lymphatic  vessels 
proceed  from  irregular  or  shapeless  spaces  in  the  internal  parts  ; the 
spaces,  that  is,  which  intervene  between  the  several  structures  of  which 
the  organ  is  composed.  Thus,  in  a gland,  they  are  the  spaces  which 
lie  between  or  surround  the  blood-vessels,  secreting  tubes  or  saccules, 
partitioning  or  inclosing  membranes,  and  the  like/  Though  shapeless, 
or  at  least  of  no  regular  form,  these  anfractuous  cavities  are  limited  and 
defined  by  a layer  of  flattened  epithelioid  cells,  agreeing  in  character 
with  those  ot  the.  lymphatic  vessels.  It  may  be  presumed  that  their 
opposite  sides  are  in  apposition  or  in  near  proximity,  as  in  serous  mem- 
nanes,  tor  the  lymph  deposited  in  these  recesses  is  not  suffered  to 
of°them  ^ >Ut  ^ ky  the  lymphatic  vessels  which  lead  out 

Indeed,  as  will  be  pointed  out  further  on,  the  serous  cavities  them- 
B .ves  may  m a certain  sense  be  looked  upon  as  large  lymph  lacunas, 

■!,'  1 ias  , C(:n  s]10wn  that  in  various  parts  they  communicate  directly 
with  lymphatics  by  means  of  definite  apertures. 

n --Ome  of  the  lower  animals  the  lacunar  condition  of  lymphatics  has  been 
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longer  known.  Rusconi  found  that  the  aorta  and  mesenteric  arteries  of  amphibian 
reptiles  are  inclosed  in  large  lymphatic  spaces.  Johannes  Muller  recognised  the 
spaces  which  so  extensively  separate  the  frog’s  skin  from  the  subjacent  muscles 
as  belonging  to  the  lymphatic  system,  and  Yon  Recklinghausen  has  shown  that 
the  subcutaneous  lymph-spaces  of  the  frog’s  leg  communicate  with  lymphatic 
vessels  which  envelope  the  blood-vessels  of  the  foot ; also  that  milk  injected  into 
these  spaces  finds  its  way  into  the  blood.  The  lymphatic  system,  in  being  thus 
partly  constituted  by  lacunas  or  insterstitial  receptacles,  so  far  agrees  with  the 
sanguiferous  system  of  crustaceans  and  insects. 

It  has  been  sometimes  maintained  that  the  lymphatics  of  glandular  organs 
communicate  at  their  origin  with  the  ducts  ; but,  although  it  is  no  uncommon 
thing  for  matters  artificially  injected  into  the  ducts  of  glands,  as,  for  instance, 
those  of  the  liver  and  testicle,  to  pass  into  the  lymphatics,  a careful  examination 
of  such  cases  leads  to  the  conclusion  that  the  injected  material  does  not  find  its 
way  from  the  ducts  into  the  lymphatics  by  any  naturally  existing  communication, 
but  by  accidental  rupture  of  contiguous  walls  of  the  two  classes  of  vessels. 

Structure. — In  structure  the  larger  lymphatic  vessels  much  resemble 
the  veins,  only  their  coats  are  thinner,  so  thin  and  transparent  indeed 
that  the  contained  fluid  can  be  readily  seen  through  them.  When 
lymphatics  have  passed  out  from  the  commencing  plexuses  and  lacunae, 
they  are  found  to  have  three  coats.  The  internal  coat  is  covered  with 
an  epithelioid  lining,  consisting  of  a single  layer  of  flattened  nucleated 
cells,  which  have  mostly  an  oblong  or  lanceolate  figure,  with  an  indented 
or  bluntly  serrated  border,  by  which  the  adjacent  cells  fit  to  each  other 
(fig.  124,  a).  Beneath  the  epithelioid  layer  the  innei  coat  is  formed  of 
a layer  or  layers  of  longitudinal  elastic  fibres.  The  middle  coat  consists 
of  plain  muscular  tissue  disposed  circularly,  mixed  with  finely  reticu- 
lating elastic  fibres  taking  the  same  direction.  The  external  coat  is 
composed  mainly  of  white  connective  tissue  with  a sparing  intermix- 
ture of  longitudinal  elastic  fibres,  and  some  longitudinal  and  oblique 
bundles  of  plain  muscular  tissue.  In  the  thoracic  duct  there  is  a 
subepithelial  layer  (as  in  the  arteries) ; and  in  the  middle  coat  there 
is  a longitudinal  layer  of  white  connective  tissue  with  elastic  fibres, 
immediately  within  the  muscular  layer. 

The  larger  lymphatics  receive  vasa  vasorum,  which  ramify  in  their 
outer  and  middle  coats  : nerves  distributed  to  them  have  not  yet  been 
discovered,  although  their  existence  is  inferred  on  physiological  grounds. 

That  the  lymphatics  are  endowed  with  vital  contractility  is  shown  by 
the  effect  of  mechanical  irritation  applied  to  the  thoracic  duct,  as  well 
as  by  the  general  shrinking  and  emptying  of  the  lacteal  and  lymphatic 
vessels  on  their  exposure  to  the  contact  of  cold  air,  in  the  bodies  of 
animals  opened  immediately  after  death. 

The  commencing  lymphatics  or  “ lymphatics  of  origin,”  whether  in 
plexuses  or  single  (as  in  the  villi),  have  a much  simpler  structure,  their 
wall  being  entirely  formed  of  a layer  of  flattened  epithelioid  cells  either 
similar  in  form  to  those  lining  the  larger  vessels  or  (more  frequently) 
presenting  a characteristic  waved  border  like  the  epidermic  cells  ot 
grasses  and  some  other  plants  (figs.  124,  1),  126,  a).  The  outlines  ot 
the  cells  are  brought  into  view  by  staining  with  nitrate  of  silver,  after 
which  the  nuclei  may  be  made  to  appear  by  means  of  carmine  or 
hsematoxylin. 

Relation  of  the  lymphatics  of  origin  to  the  cells  and  cell-spaces 
of  the  connective  tissue. — It  has  been  already  stated  (p.  57)  that 
the  cells  of  the  connective  tissue  lie  in  spaces  in  the  ground-substance 
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Which  they  more  or  less  completely  fill.  These  cells  and  cell-spaces 
form  in  m£ny  parts  an  intercommumeatmg  network  of  varying  fineness 
extending  throughout  the  substance  of  the  tissue  (fig.  126,  d , d),  whilst 


Fitr.  126. 


Fig.  126. — Nitrate  op  Silver  preparation  from  Kabbit’s  Omentum  (Klein). 

Magnified. 

a,  Lymphatic  vessel  ; i,  artery ; c,  capillaries ; d,  branched  cells  of  the  tissue  which 
are  seen  to  be  connected  both  with  the  capillary  walls,  and,  as  at  e,  with  the  lymphatic. 

in  other  parts  the  cells  acquire  a broad  flattened  form,  and  joining  edge  to 
edge  with  other  similar  cells  may  in  this  way  form  an  epithelioid  patch 
in  the  ground-substance.  Not  unfrequently  the  cells  in  such  a patch 
take  on  the  wavy  border  described  above  as  met  with  in  the  lymphatics 
of  origin  (see  fig.  124).  Further,  the  flattened  cells  which  form  the 
walls  of  the  latter  vessels  are  connected  here  and  there  both  with  the 
more  isolated  cells  of  the  tissue  (fig.  126  e)  and  with  those  which  form 
the  epithelioid  patches,  and  in  silvered  preparations  they  appear  to  be 
continuous  with  one  another.  The  epithelioid  patches  look  in  fact 
like  a pait  of  the  lymphatic,  and  are  commonly  regarded  as  such : it 
must . be  understood,  however,  that  the  spaces  here  spoken  of,  whether 
containing  single  cells  or  groups,  are  not  true  vessels , but  merely  vacui- 
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ties  in  the  ground-substance  of  the  tissue  containing  flattened  cells 
which  do  not  form  a continuous  vascular  wall.  And  although  the 
spaces  present  a very  close  relation  to  the  lymphatic  vessels,  they  can 
hardly  be  considered  as  actually  opening  into  them  by  patent  orifices, 
for  the  lymphatics  proper  have  a complete  wall  of  flattened  cells 
united  by  a small  amount  of  intercellular  substance  : at  the  same  time 
this  thin  film  can  offer  but  a very  slight  resistance  to  the  passage  of 
fluid  from  the  tissue  into  the  vessel,  or  even  to  the  passage  of  leuco- 
cytes or  migrating  cells,  which,  as  is  well  known,  penetrate  the  at  least 
equally  closed  wall  of  the  blood-vessels. 

It  has  been  a question  whether  the  cell-spaces  of  the  connective  tissue  are  in 
every  case  and  completely  filled  by  the  cells,  or  whether  they  (the  spaces)  may 
in  some  cases  be  either  devoid  of  cells  altogether,  or  but  partially  occupied  by 
them  ; so  that  room  is  left  for  the  free  passage  of  fluid.  On  this  point  we  would 
remark  that  in  many  cases  it  is  impossible  to  observe  a difference  between  the 
forms  of  the  cells  as  shown  by  the  gold  method,  and  those  of  the  spaces  as  shown 
by  treatment  with  solution  of  nitrate  of  silver,  so  that  in  these,  at  least,  no  open 
lymph-passage  can  be  said  to  exist ; but  in  other  cases  the  spaces  are  relatively 
larger,  and  here,  no  doubt,  the  part  unoccupied  by  the  contained  cell  may  be  filled 
by  fluid.  In  cedematous  conditions  of  the  tissue,  the  cell-spaces  become  somewhat 
distended  with  serous  fluid,  and  then  in  all  cases  they  appear  distinctly  larger  than 
the  cells.  So  that  we  may  conclude  that  the  so-called  saft-canalchen-  or  lymphatic- 
canalicular-system  is  in  many  cases  rather  potential  than  actual ; that  is,  where 
the  saft-canalchen  or  lymphatic  canaliculi  (which  correspond  with  the  cell-spaces) 
are  completely  filled  by  protoplasmic  cells.  Still,  lymph  can  readily  find  its  way 
between  the  cells  and  the  ground-substance  by  which  they  are  closely  sur- 
rounded. In  other  cases  the  cells  incompletely  fill  the  cavities,  so  as  to  leave  a 
freer  passage  for  both  fluid  and  migratory  corpuscles. 

Valves.— The  lymphatic  and  lacteal  vessels  are  furnished  with 
valves  serving  the  same  office  as  those  of  the  veins,  and  for  the  most 
part  constructed  after  the  same  fashion.  They  generally  consist  of  two 
semilunar  folds  arranged  in  the  same  way  as  in  the  valves  of  veins 
already  described,  but  deviations  from  the  usual  structure  here  and 
there  occur. 

Valves  are  not  present  in  all  lymphatics,  but  where  they  exist  they 
follow  one  another  at  much  shorter  intervals  than  those  of  the  veins, 
and  give  to  the  lymphatics,  when  much  distended,  a beaded  or  jointed 
appearance.  Valves  are  placed  at  the  entrance  of  the  lymphatic  trunks 
into  the  great  veins  of  the  neck.  They  are  generally  wanting  in  the 
reticularly  arranged  vessels  which  compose  the  plexuses  of  origin 
already  spoken  of  ; so  that  fluid  injected  into  one  of  these  vessels  runs 
in  all  directions,  so  as  to  fill  a greater  or  a less  extent  of  the  plexus, 
and  passes  along  the  separate  vessels  which  issue  from  it. 

The  lymphatics  of  fish  and  naked  amphibia  are,  generally  speaking, 
destitute  of  valves,  and  may  therefore  be  injected  from  the  trunks  ; in 
the  turtle  a few  valves  are  seen  on  the  larger  lacteals  which  pass  along 
the  mesentery,  but  none  on  those  upon  the  coats  of  the  intestine  ; and 
valves  are  much  less  numerous  in  the  lymphatics  and  lacteals  of  birds 
than  in  those  of  mammiferous  animals. 

Orifices. — It  was  at  one  time  a prevalent  opinion  among  anatomists 
that  the  lymphatic  and  lacteal  vessels  begin  on  various  surfaces  by 
open  mouths,  through  which  extraneous  matters  are  absorbed.  _ This 
was  especially  insisted  on  as  regards  the  commencing  lacteals  m the 
intestinal  villi.  That  opinion  has  been  since  given  up  ; but  more 
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recently  satisfactory  evidence  of  openings  m the  lymphatics  on  the  sur- 
face  of  the  serous  membranes  has  been  obtained.  Recklinghausen 
stretched  the  tendinous  centre  of  the  diaphragm  excise ftom  a, 
mhhit  over  a rin"  of  cork,  covered  it  with  a film  of  milk,  and  then, 
watchin- R with  the  microscope,  saw  the  milk-globules  at .various 
points  drawn  down  as  if  in  a rortex,  and  disappearing.  He  then 


Fig.  127. 


Fig.  127.— Small  portion  op  Peritoneal  Surface  of  Diaphragm  of  Rabbit  (Klein). 

IiIagnified. 


I,  lympli  channel  below  the  surface,  lying  between  tendon  bundles,  t,  t,  and  over  which 
the  surface-cells  are  seen  to  be  relatively  smaller,  and  to  exhibit  five  stomata,  S,  S', 
leading  into  the  lymphatic.  The  epithelioid  cells  of  the  lymphatic  channel  are  not 
represented. 


found  they  had  passed  into  the  lymphatics  of  the  peritoneal  covering  of 
the  diaphragm,  by  small  openings,  not  more  than  twice  the  diameter  of 
a blood-corpuscle,  over  which  the  epithelioid  layer  of  the  peritoneum 
was  similarly  perforated.  Observations  in  confirmation  of  these  were 
made  in  the  Physiological  Institute  of  Leipsic,  under  the  direction 
of  Professor  Ludwig,  by  Dybkowski,  who  found  apertures  (answer- 
ing very  nearly  to  those  described  by  von  Recklinghausen)  on  the 
dog’s  pleura,  by  which  the  superficial  lymphatics  open  on  the  surface 
of  the  membrane  ; he  also  found  that  fine  particles  of  colouring 
matter  could,  under  certain  conditions,  be  made  to  pass  from  the 
cavity  of  the  pleura  into  the  lymphatics,  and  apparently  by  the  open- 
ings in  question.  Similar  communications  were  found  by  Scliweigger- 
Seidel  and  Dogiel  between  the  frog’s  peritoneum  and  the  great  lymph- 
sac  (cisterna  magna)  behind  it. 

These  apertures,  or  stomata,  have  been  more  recently  investi- 
gated by  Klein,*  who  has  further  found  them  in  the  omentum  of 
mammals.  They  are  surrounded  by  a ring  of  small  granular 

* The  Lymphatic  System,  Part  I.  : The  Anatomy  of  Serous  Membranes.  London,  1873. 
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cubical  cells,  and  the  larger  flattened  epithelioid  cells  of  the 
serous  membrane  arc  arranged  in  a somewhat  radiated  manner  in  the 
neighbourhood  of  the  orifice.  When  the  lymphatic  is  superficial,  it 
may  communicate  directly  with  the  surface  of  the  membrane ; in  other 
cases  a short  straight  canal,  lined  with  cells  similar  to  those  bounding 
the  orifice,  leads  from  the  vessel  to  the  surface.  A curious  fact  haB 
been  pointed  out  by  the  same  observer,  viz.,  that  in  female  frogs  and 
toads  the  cells  lining  these  short  lymphatic  canals  are  furnished  with 
vibratile  cilia. 

Termination. — The  absorbent  system  discharges  its  contents  into 
the  veins  at  two  points,  namely,  at  the  junction  of  the  subclavian  and 
internal  jugular  veins  of  the  left  side  by  the  thoracic  duct,  and  at 
the  corresponding  part  of  the  veins  of  the  right  side  by  the  right 
lymphatic  trunk.  The  openings,  as  already  remarked,  are  guarded 
by  valves.  It  sometimes  happens  that  the  thoracic  duct  divides,  near 
its  termination,  into  two  or  three  short  branches,  which  open  separately, 
but  near  each  other  ; more  rarely,  a branch  opens  into  the  vena 
azygos — indeed  the  main  vessel  has  been  seen  terminating  in  that 
vein.  Again  it  is  not  uncommon  for  larger  branches,  which  usually 
join  the  thoracic  duct,  to  open  independently  in  the  vicinity  of  the 
main  termination  ; and  this  is  more  apt  to  happen  with  the  branches 
which  usually  unite  to  form  the  right  lymphatic  trunk.  By  such 
variations  the  terminations  in  the  great  veins  are  multiplied,  but  still 
they  are  confined  in  man  to  the  region  of  the  neck  ; in  birds,  reptiles, 
and  fish,  on  the  other  hand,  communications  take  place  between  the 
lymphatics  of  the  pelvis,  posterior  extremities  and  tail,  and  the  sciatic 
or  other  considerable  veins  of  the  abdomen  or  pelvis. 

The  alleged  terminations  of  lymphatics  in  various  veins  of  the  abdomen,  de- 
scribed by  Lippi  as  occurring  in  man  and  mammalia,  have  not  been  met  with  by 
those  who  have  since  been  most  engaged  in  the  prosecution  of  this  department 
of  anatomical  research,  and  accordingly  his  observations  have  generally  been 
either  rejected  as  erroneous,  or  held  to  refer  to  deviations  from  the  normal 
condition.  Nuhn,  of  Heidelberg,  affirms  the  regular  existence  of  these  abdo- 
minal terminations,  and  refers  to  three  instances  which  he  met  with  himself. 
In  two  of  these  the  lymphatics  opened  into  the  renal  veins,  and  in  the  other 
into  the  vena  cava.* 

Lymphatic  hearts. — Muller  and  Panizza,  nearly  about  the  same  time,  but  in- 
dependently of  each  other,  discovered  that  the  lymphatic  system  of  reptiles  is 
furnished,  at  its  principal  terminations  in  the  venous  system,  with  pulsatile 
muscular  sacs,  which  serve  to  discharge  the  lymph  into  the  veins.  These  organs, 
which  are  named  lymph-hearts,  have  now  been  found  in  all  the  different  oiders 
of  reptiles.  In  frogs  and  toads  two  pairs  have  been  discovered,  a posterior 
pair,  situated  in  the  sciatic  region,  which  pour  their  lymph  into  a branch  of  the 
sciatic  or  of  some  other  neighbouring  vein,  and  an  anterior  more  deeply-seate 
pair,  placed  over  the  transverse  process  of  the  third  vertebra,  and  opening  into 
a branch  of  the  jugular  vein.  The  parietes  of  these  sacs  are  thin  and  trans- 
parent, but  contain  muscular  tissue,  which  here  and  there  appears  obscurely 
striated,  decussating  in  different  layers,  as  in  the  blood-heart.  In  their  pulsations 
they  are  quite  independent  of  the  latter  organ,  and  are  not  even  synchronous 
with  each  other.  In  salamanders,  lizards,  serpents,  tortoises,  and  turtles,  only 
a posterior  pair  have  been  discovered,  which,  however,  agree  in  all  essential  points 
with  those  of  the  frog.  In  the  goose,  and  in  other  species  of  birds  belonging 
to  different  orders,  Panizza  discovered  a pair  of  lymph-sacs  opening  into  tu 
sacral  veins,  and  Stannius  has  since  found  that  these  sacs  have  striated  muscuit 

* Muller’s  Archiv,  1848,  p.  173. 
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fibres  in  their  parietes.  Nerve-fibres,  both  dark-bordered  and  pale,  have  been 
observed  in  the  lymph-hearts  of  the  frog,  and  also  nerve-cells  in  those  of  the 
common  tortoise  (Waldeyer). 

Development  of  lymphatic  vessels.— The  development  of  lymph- 
atic capillaries  has  been  studied  by  Klein  in  the  serous  membranes, 
both  normal  and  chronically  inflamed.  He  finds  that  the  process  is 
similar  to  that  of  the  development  of  blood-vessels  as  described  by  him 
in  the  chick.  A vacuole  is  formed  within  one  of  the  cells  of  the  con- 
nective tissue,  and  becomes  larger  and  larger,  so  as  to  produce  a cavity 
filled  with  fluid,  and  with  the  protoplasm  of  the  cell  thinned  out  to 
form  the  wall  of  the  vesicle  thus  formed.  From  this  protoplasmic 
wall  portions  bud  inwards  into  the  cavity,  eventually  becoming  de- 
tached as  lymph-corpuscles.  Meanwhile  the  nucleus  of  the  cell  has 
become  multiplied,  and  the  resulting  nuclei  are  regularly  arranged 
in  the  protoplasmic  wall,  which  now  exhibits,  on  treatment  with 
nitrate  of  silver,  the  well-known  epithelioid  marking  characteristic 
of  the  lymphatic  capillaries.  To  form  vessels,  these  vesicles  become 
connected  with  one  another  by  means  of  processes  into  which  their 
cavities  extend.* 

Kolliker  has  observed  the  formation  of  lymphatics  from  ramified  cells  in  the 
tails  of  young  salamander-larva3.  He  states  that  the  process  takes  place  nearly 
in  the  same  manner  as  in  the  case  of  sanguiferous  capillaries  ; the  only  notable 
difference  being,  that  whilst  the  growing  lymphatics  join  the  ramified  cells,  and 
thus  extend  themselves,  their  branches  very  rarely  anastomose  or  become  con- 
nected by  communicating  arches. 


Lymphatic  glands,  named  also  conglobate,  glands , and  by  modern 
French  writers  lymphatic  ganglions,  are  small  solid  bodies  placed  in  the 
course  of  the  lymphatics  and  lacteals,  through  which  the  contents  of  these 
vessels  have  to  pass  in  their  progress  towards  the  thoracic  or  the  right 
lymphatic  duct.  These  bodies  are  collected  in  numbers  along  the  course 
of  the  great  vessels  of  the  neck,  also  in  the  thorax  and  abdomen,  espe- 
cially in  the  mesentery  and  alongside  the  aorta,  vena  cava  inferior,  and 
iliac  vessels.  A few,  usually  of  small  size,  are  found  on  the  external 
parts  of  the  head,  and  considerable  groups  are  situated  in  the  axilla  and 
groin.  Some  three  or  four  lie  on  the  popliteal  vessels,  and  usually  one 
is  placed  a little  below  the  knee,  but  none  farther  down.  In  the  arm 
they  are  found  as  low  as  the  elbow  joint. 

Lymphatic  vessels  may  pass  through  two,  three,  or  even  more  lym- 
phatic glands  in  their  course,  whilst,  on  the  other  hand,  there  are 
lymphatics  which  reach  the  thoracic  duct  without  encountering  anv 
gland  in  their  wav.  J 
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The  lymphatics  or  lacteals  which  enter  a gland  are  named  inferent  or 
afferent  vessels  (vctsa  infcxcnha  seu  ctfferenha),  and  those  which  issue 
from  it  efferent  vessels  (vasci  efferenlia).  The  afferent  vessels  (fig.  128, 


Fig.  128. 


Fig.  128.— Diagrammatic  Section  of  Lymphatic  Gland. 

a l afferent  ; e,  l,  efferent  lymphatics.  C,  cortical  substance.  M,  reticulating  cords 
of  medullary  substance.  I,  s,  lymph-sinus ; c,  fibrous  coat  sending  trabecula;,  tr,  into 

the  substance  of  the  gland. 


a t)  on  approaching  a gland,  divide  into  many  small  branches,  which 
enter  the  gland ; the  efferent  vessels  commonly  leave  the  gland  m 
form  of  small  branches,  and  at  a little  distance  beyond  it,  oi  some  t 
even  before  issuing  from  it,  unite  into  one  or  more  trunks  (e,  T),  usua  y 
larger  in  size  but  fewer  in  number  than  those  of  the  afferent  vess  • 
The  internal  structure  of  lymphatic  glands  has  been  ^ (-)ou_ 

of  inquiry.  Hewson  considered  that  a lymphatic  gland  essenti  y 
S of  a network  of  finely-divided  lymphatic  Teasels,  on  and  be  two  n 
which  canillary  blood-vessels  are  ramified;  the  whole  being  g _ 
up  and  compacted  into  a comparatively  dense  mass  by  connective  issii  , 

which  at  the  surface  of  the  gland  forms  for  it  a^enclosmS^PS.^:s  Jit]l 
afferent  and  efferent  vessels  are,  according  to  Hewson,  continuous 
each  other  within  the  gland,  and  the  cellular  cavities  described  as  inter- 
vening  between  them  and  serving  as  the  medium  of  their  commumcc  , 
were  held  by  him  to  be  nothing  more  than  partial  dilatations  of  some 

InMv  “centcd  by  most  anatomists  ; but  modern  researches  have 
shown  that  the  structure  of  these  bodies  is  more  complex.  The  fol 
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Fig.  129.  — Section  of  a Mesenteric 
Gland  from  the  Ox,  slightly  magni- 
fied. 

a,  hilus ; 6,  medullary  substance ; c, 
cortical  substance  with  indistinct  alveoli ; 
d,  capsule  (after  Kolliker). 

liilus.  It  is  best  marked  in  the 


lowing  account  is  founded  chiefly  on  the  descriptions  of  His  and 

" lyjxipHatic  gland  is  covered  externally  with  a coat  (fig*  128,  c, 
129,  d)  composed  of . connective 
tissue,  mixed  in  certain  animals, 
with  muscular  fibre-cells.  This 
coat  or  capsule  is  complete,  except 
at  the  part  where  it  gives  passage 
to  the  efferent  lymphatics  and  the 
larger  blood-vessels  ; and  this  part 
of  the  gland,  which  often  presents 
a depression  or  fissure,  may  be 
named  the  hilus  (fig.  128,  129  a). 

The  proper  substance  of  the  gland 
consists  of  two  parts,  the  corti- 
cal ( c ),  and  within  this  the  medul- 
lary. The  cortical  part  occupies  all 
the  superficial  part  of  the  gland, 
except  the  hilus,  and  in  the  larger 
glands  may  attain  a thickness  of 
from  two  to  three  lines.  The  medul- 
lary portion  occupies  the  centre, 
and  extends  to  the  surface  at  the 
inwardly-seated  glands,  such  as  the  lumbar  and  mesenteric,  whilst  in 
the  subcutaneous  glands  it  is  more  or  less  encroached  upon  by  a core 
of  connective  tissue  ( hilus-stroma , His),  which  enters  with  the  larger 
blood-vessels  at  the  hilus,  and  surrounds  them,  together  with  the  lymph- 
vessels,  in  the  centre  of  the  gland,  so  that  the  medullary  part  is  reduced 
to  a layer  of  no  great  thickness  bounding  inwardly  the  cortical  part. 

Throughout  both  its  cortical  and  medullary  part  the  gland  is  pervaded 
by  a trabecular  frame-work  which  incloses  and  supports  the  proper 
glandular  substance.  The  trabeculae  pass  inwards  from  the  capsule 
(fig.  128).  They  consist,  in  the  ox,  chiefly  of  plain  muscular  tissue  ; 
in  man,  of  connective  tissue,  sparingly  intermixed  with  muscular 
fibre-cells.  In  the  cortical  part  they  are  mostly  lamellar  in  form,  and 
divide  the  space  into  small  compartments,  alveoli , from  to  of  an 
inch  wide,  which  communicate  laterally  with  each  other  through  openings 
in  the  imperfect  partitions  between  them  (fig.  180  a).  On  reaching 
the  medullary  part  the  trabeculae  take  the  form  of  flattened  bands  or 
cords,  and  by  their  conjunction  and  reticulation  form  a freely  intercom- 
municating meshwork  throughout  the  interior.  (In  the  figures  they  are 
represented  mostly  as  cut  across.)  In  these  alveoles  and  meshes  is 
included  the  proper  glandular  substance,  which  appears  as  a tolerably 
firm  pulp  or  parenchyma,  agreeing  in  nature  with  lymphoid  tissue.  In 
the  alveoli,  of  the  cortical  part  this  forms  rounded  nodules  (fig.  128  c, 
!,'• 0 A : » 111  the  trabecular  meshes  of  the  medullary  part  it  takes  the 

siape  oi  rounded  cords  ( lymphoid  cords)  joining  in  a corresponding 
ne  wor  (figs.  128,  M;  13.0,  b,  cl);  and,  as  the  containing  meshes 
ommumca  e,  so  the  contained  gland-pulp  is  continuous  throughout. 

u o i in  the  cortical  alveoles  and  the  medullary  trabecular  meshes,  a 

H^1'^I1,SfaCei’ le?  ?'  llte  iu  the  fl8's-  (128  l,  s;  130,  l,  l)  is  left  all  round 
bn?  fiand-pulp,  between  it  and  the  alveolar  partitions  and  trabecular 

yo'l  a G W ia^  wou  ^ he  left  had  the  pulp  shrunk  away  from  the 

o 
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inside  of  a mould  in  which  it  had  been  cast.  This  space  is  both  a 
receptacle  and  a channel  of  passage  for  the  lymph  that  goes  through  the 


Fig.  130. 


Fig.  130.— Section  of  a Mesenteric  Gland  of  the  Ox  (magnified  12  diameters). 

The  section  includes  a portion  of  the  cortical  part,  A,  in  its  whole  depth,  and .smaller 
portion  of  the  adjoining  medullary  part,  B ; c,  c,  outer  coat  or  capsule  sending  p 
into  the  cortical  part  to  form  alveoli,  and  trabecular,  t t,  which are  seer l mostly ^cut  across, 
d,  d,  the  glandular  substance  forming  nodules  in  the  cortical  part  A,  andreticulrtm 
cords  in  the  medullary  part,  B ; l,  l,  lymph-sinus  or  lymph-channel,  left  white  (after  )- 


gland  ; it  is  the  lymph-sinus  (His),  or  the  lymph-channel.  It  is  traversed 
by  retiform  connective  tissue  (fig.  131  c,  c ),  in  which  the  nuclei  o 
spindle-shaped  or  ramified  cells  are  mostly  apparent,  and  is  filled  vitfi 
fluid  lymph,  containing  many  lymph-corpuscles,  which  may  be  'vasiiea 
out  from  sections  of  the  gland  with  a hair  pencil,  so  as  to  show 
sinus,  while  the  firmer  gland-pulp,  which  the  sinus  surrounds,  keeps  its 
place.  The  latter,  the  proper  glandular  substance,  is  also  pervaded  and 
supported  by  retiform  tissue,  mostly  non-nucleated  (fig.  13  i,  a),  com- 
municating with  that  of  the  surrounding  lymph-sinus  but  marked  oit 
from  it  by  somewhat  closer  reticulation  at  their  mutual  boundary, 
so  close,  however,  as  to  prevent  fluids,  or  even  solid  corpusc  es, 
passing  from  the  one  to  the  other.  This  glandular  pulp  is  made  up  ot 
densely  packed  lymph-corpuscles,  occupying  the  interstices  o is  p 
porting  retiform  tissue,  and  is  traversed  by  an  abundant  ne  v 
capillary  blood-vessels  (d,  d),  which  runs  throughout  the  proper  gland- 
ular pulp,  both  cortical  and  medullary,  but  does  not  pass  into  the 
surrounding  lymph-sinus.  The  stellate  cells  of  the  retiform  tissue  of 
the  lymph-sinus  often  contain  a considerable  number * of p 0 ^ 
granules.  Arteries  enter  and  veins  leave  the  gland  at  the  hil  , 
rounded,  in  some  glands,  as  already  said,  with  a dense  mclo 
connective  tissue.  The  arterial  branches  go  m par  directly  to 
glandular  substance,  but  partly  run  along  the  trabeculae.  The  f 
end  in  the  glandular  capillary  network  above-mentioned,  om 
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the  veins  begin,  and  tend  to  the  hilus  alongside  the  arteries.  The 
branches  which  run  along  the  trabeculae  aie  in  pait  condncted  to  the 


Fig.  131. 
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Fig.  131. — Section  of  the  Medullary  Substance  of  a Lymphatic  Gland  (Ox). 
300  Diameters.  (Von  Recklinghausen). 

a,  a,  a,  follicular  or  lymphoid  cords  ; c,  lymph-sinus  ; b,  b,  trabeculae  ; d,  d,  blood- 
vessels. 


coat  of  the  gland  to  be  there  distributed  : some  of  their  branches 
pass  across  the  lymph-sinus  to  reach  the  glandular  substance.  The 
blood-vessels  of  the  gland  pulp  are  supported  by  its  pervading  retiform 
tissue,  which  is  not  only  connected  to  them,  but  forms  an  additional 
oi  adventitious  coat  round  their  small  branches,  and  even  on  some  of 
the  capillaries  (page  178). 

As  to  the  lymphatics  of  the  gland,  it  seems  to  be  tolerably  well  made 
out  that  the  afferent  vessels,  after  branching  out  upon  and  in  the  tissue 
of  the  capsule,  send  their  branches  through  it  to  open  into  the  lymph- 
smuses  o the  cortical  alveoli,  and  that  the  efferent  lymphatics  begin  by 

?nd  fnrSf  from  the  lymph-sinuses  of  the  medullary  part, 

vp(5<!  i f ° a Ji1®  hilus  a dense  plexus  of  tortuous  and  varicose-looking 
The  lv’mnb  cdW  ^branches  Pr°ceed  to  join  the  larger  efferent  trunks. 
ilmZlU8’  therefore,  forms  a channel  for  the  passage  of  the  lymph, 

cafcine-  with  both6011  ;it  ie  .a^ererifc  and  efferent  lymphatics,  communi- 
The  fff f? d maintaminS  the  continuity  of  the  lymph-stream, 
lavish  VCSSel8’  Where  th.ey  open  into  the  lymph-sinus, 

y c 1 coats,  except  the  epithelioid  lining,  which  is  continued 
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over  the  trabeculae  ; covering  these,  like  the  walls  of  the  commencing 
lymph-lacunae  elsewhere,  with  a layer  of  flattened  cells. 

It  is  not  unreasonable  to  presume  that,  in  the  proper  glandular  substance,  there 
is  a continual  production  of  lymph-corpuscles,  most  probably  by  fissiparous  multi- 
plication, which  pass  into  the  lymph-sinus,  and  that  fresh  corpuscles  are  thus 
added  to  the  lymph  as  it  passes  through  a gland  ; and  this  view  is  supported  by 
the  fact,  that  the  corpuscles  are  found  to  be  more  abundant  in  the  lymph  or 
chyle  after  it  has  passed  through  the  glands.  It  has  been  alleged,  moreover,  that 
the  lymph,  after  passing  the  glands,  is  richer  in  fibrin,  and  therefore  coagulates 
more  firmly.  In  any  case,  it  is  plain  that  the  numerous  blood-capillaries  distri- 
buted in  a gland  must  bring  the  blood  into  near  relation  with  the  elements  of 
the  lymph  ; and  the  latter  fluid,  as  it  must  move  very  slowly  through  the  rela- 
tively wide  space  within  the  gland,  is  thus  placed  in  a most  favourable  condition 
for  some  not  improbable  interchange  of  material  with  the  blood. 


SEROUS  MEMBRANES. 

The  serous  membranes  are  so  named  from  the  apparent  nature  of  the 
fluid  with  which  their  surface  is  moistened.  They  line  cavities  of  the 
body  which  have  no  outlet,  and  the  chief  examples  of  them  are,  the 
peritoneum,  the  largest  of  all,  lining  the  cavity  of  the  abdomen  ; the 
two  pleurae  and  pericardium  in  the  chest ; the  arachnoid  membrane  in 
the  cranium  and  vertebral  canal ; and  the  tunica  vaginalis  surrounding 
each  of  the  testicles  within  the  scrotum. 

Form  and  arrangement. — In  all  these  cases  the  serous  membrane 
has  the  form  of  a closed  sac,  one  part  of  which  is  applied  to  the  walls  ot 
the  cavity  which  it  lines,  the  parietal  portion  ; whilst  the  other  is  re- 
flected over  the  surface  of  the  organ  or  organs  contained  in  the  cavity, 
and  is  therefore  named  the  reflected  or  visceral  portion  of  the  membrane. 
Hence  the  viscera  in  such  cavities  are  not  contained  within  the  sac . of 
the  serous  membrane,  but  are  really  placed  behind  or  outside  of  it ; 
merely  pushing  inwards,  as  it  were,  the  part  of  the  membrane  which 
immediately  covers  them,  some  organs  receiving  in  this  way  a complete, 
and  others  but  a partial  and  sometimes  very  scanty  investment. 

In  passing  from  one  part  to  another,  the  membrane  frequently  forms 
folds  which  in  general  receive  the  appellation  of  ligaments,  as,  for 
example,  the  folds  of  peritoneum  passing  between  the  liver  and  the 
parietes  of  the  abdomen,  but  which  are  sometimes  designated  by 
special  names,  as  in  the  instances  of  the  mesentery,  meso-colon,  and 
omentum. 

The  peritoneum,  in  the  female  sex,  is  an  exception  to  the  rule  thao 
serous  membranes  are  perfectly  closed  sacs,  inasmuch  as  it  has  two 
openings  by  which  the  Fallopian  tubes  communicate  with  its  cavity. 

A serous  membrane  sometimes  lines  a fibrous  membrane,  as  where 
the  arachnoid  lines  the  dura  mater,  or  where  the  serous  layer  of  the  peri- 
cardium adheres  to  its  outer  or  fibrous  part.  Such  a combination  is 
often  named  a fibro-serous  membrane. 

The  inner  surface  of  a serous  membrane  is  free,  smooth,  and  polished; 
and,  as  would  occur  with  an  empty  bladder,  the  inner  surface  of  one 
part  of  the  sac  is  applied  to  the  corresponding  surface  of  some  other 
part ; a small  quantity  of  fluid,  usually  not  more  than  merely  moistens 
the  contiguous  surfaces,  being  interposed.  The  parts,  situated  in  a 
cavity  lined  by  serous  membrane  can  thus  glide  easily  agamst  its 
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parietes  or  upon  each  other,  and  their  motion  is  rendered  smoother  by 
the  lubricating  fluid. 

The  outer  surface  most  commonly  adheres  to  the  parts  which  it  lines 
or  covers,  the  connection  being  effected  by  means  of  areolar  tissue, 
named  therefore  “ subserous,”  which,  ivhen  the  membrane  is  detached, 
gives  to  its  outer  and  previously  adherent  surface  a flocculent  aspect. 
The  degree  of  firmness  of  the  connection  is  very  various  : in  some  parts, 
the  membrane  can  scarcely  be  separated  ; in  others,  its  attachment  is  so 
lax  as  to  permit  easy  displacement.  The  latter  is  the  case  in  the 
neighbourhood  of  the  openings  through  which  abdominal  herniae  pass  ; 
and  accordingly,  when  such  protrusions  of  the  viscera  happen  to  take 
place,  they  usually  push  the  peritoneum  before  them  in  form  of  a 
hernial  sac. 

The  visceral  portion  of  the  arachnoid  membrane  is  in  some  measure 
an  exception  to  the  rule  of  the  outer  surface  being  everywhere  adherent ; 
for,  in  the  greater  part  of  its  extent,  it  is  thrown  loosely  round  the  parts 
which  it  covers,  a few  fine  fibrous  bands  being  the  sole  bond  of  con- 
nection ; and  a quantity  of  pellucid  fluid  is  interposed,  especially  in  the 
vertebral  canal  and  base  of  the  cranium,  between  the  arachnoid  and  the 
pia  mater,  which  is  the  membrane  immediately  investing  the  brain  and 
spinal  cord. 

Structure  and  properties. — Serous  membranes  are  thin  and  trans- 
parent, so  that  the  colour  of  subjacent  parts  shines  through  them.  They 
are  tolerably  strong,  with  a moderate  degree  of  extensibility  and  elasti- 
city. They  are  lined  on  the  inner  surface  by  a simple  epithelioid  layer  of 
flattened  cells  (fig.  132),  each  of  which  contains  a clear,  round  or  oval 
nucleus  with  one  or  two  nucleoli.  The  outlines  of  the  cells  may  readily 


Fig.  132. 


Fig.  132.  Portion  op  Epithelioid  Layer  op  Peritoneum  from  Diaphragm  of  Rabbit 

(Klein. ) 

a,  larger  cells  ; l,  smaller  ones,  with  here  and  there  a pseudostoma  between. 
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be  brought  into  view  by  treatment  with  nitrate  of  silver.  The  lines  of 
junction  of  the  cells  which  arc  thus  made  evident,  may  be  straight  and 
even,  but  are  most  commonly  slightly  jagged  or  sinuous.  Here  and 
there  between  the  cells  apertures  are  to  be  seen,  which  are  of  two- 
hinds.  The  smaller  of  these,  which  are  also  the  more  numerous,  are 
occupied  by  processes  which  are  sent  up  to  the  surface  of  the  mem- 
brane from  deeper  lying  cells  (pseudostomata,  fig.  132)  : the  larger,  on 
the  other  hand,  the  stomata,  are  true  apertures,  which  are  surrounded 
by  a ring  of  small  cubical  cells  (fig.  127  s,  s , page  189),  and  open  into 
a subjacent  lymphatic  vessel,  either  directly  or  by  the  medium  of  a 
short  canal  lined  with  similar  cells,  as  already  mentioned  in  treating 
of  lymphatics.  The  surface  cells  of  the  serous  membrane  are  not 
everywhere  uniform  in  size  (see  figs.  127  and  132),  but  patches  are 
here  and  there  met  with  in  which  they  are  smaller  and  more  granular 
in  appearance.  It  is  not  unfrecpient  also  to  find  evidences  of  piolifera- 
tion,  especially  in  the  neighbourhood  of  the  stomata  and  pseudostomata, 
cells  being  met  with  containing  two  or  even  many  nuclei  (Klein). 

The  substance  of  the  membrane  underneath  the  epithelioid  layer  is 
composed  of  a connective  tissue  ground  substance  in  which  are  a 
variable  amount  of  fibres,  both  white  and  elastic  ; the  former,  when 
there  are  two  or  more  strata,  take  a different  direction  in  the  diffeient 
planes  ; the  latter  unite  into  a network,  and,  in  many  serous  mem- 
branes, as  remarked  by  Henle,  are  principally  collected  into  a reticular 
layer  near  the  surface.  The  ground  substance  contains  the  blood- 
vessels and  lymphatics  of  the  membrane,  as  well  as  a large  number 
of  flattened  connective  tissue  corpuscles  with  their  corresponding  cell- 
spaces  (fig.  133),  which  are  often  collected  into  epithelioid  patches. 
In  parts  of  the  membrane  in  which  these  corpuscles  are  more  thinly 
scattered,  they  possess  branching  processes,  some  of  which  intercom- 
municate with  those  of  neighbouring  cells,  whilst  others,  as  before 
said,  pass  up  to  the  surface  of  the  membrane  (pseudostomata),  and 
others  again,  become  connected  to  the  walls  of  the  lymphatics  and  blood- 
vessels (see  fig.  126,  p.  187).  _ , 

Blood-vessels  ending  in  a capillary  network  with  comparatively 
wide  meshes  pervade  the  subserous  tissue  and  the  tissue  of  the  seious 

membrane.  , ...  . n , , 

The  lymphatics  of  the  serous  membranes  are  exceedingly  abundant. 

Their  relation  both  to  the  cell-spaces  of  the  tissue  and  to  the  surface 
of  the  membrane,  as  well  as  their  general  arrangement,  lias  been 
already  noticed  (pp.  186—191).  They  are  sometimes  met  with  ensheath- 

ing  the  blood-vessels.  „ „ 

Nodules  occur  here  and  there  in  the  substance  of  the  seious  me 
branes  which  consist  of  a close  network  of  branched  connective  issue- 
cells  amongst  which  are  a number  of  lymphoid  cells  or  leucocytes, 
similar  to  the  pale  corpuscles  of  the  blood.  These  nodules, 
larger  of  which  have  a rich  supply  of  blood-vessels,  are  developed  i 

connection  with  the  lymphatics,  being  formed  either  around  tho  e 

vessels,  or  actually  within  them,  in  which  case  the  cells  foiming 
walls  of  the  lymphatic  vessel  exhibit  processes  which  project  into  t 
interior  and  join  with  the  enclosed  retiform  tissue  The  cells  of  this 
tissue  are  in  fact  developed  by  a proliferation  of  the  flattened  cells  of  the 
lymphatic,  which  is  of  course  considerably  enlarged  at  these  spot  - 
These  lymphatic  nodules  (peri  and  endo-lymphangial  nodules  of  Klein) 
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possess,  as  do  the  stomata  of  the  surface,  both  tiue  and  false,  consider- 
able importance  in  a pathological  point  of  view,  foi  it  is  in  connection 


Fig.  133. 


Fig.  133.  — Portion  of  Serous  Membrane  of  Diaphragm  (Pleural)  from  the 
Rabbit,  treated  with  Nitrate  of  Silver  after  Removal  of  Superficial  Epi- 
thelioid Layer.  (Recklinghausen.) 

c,  c,  cell-spaces  of  tissue  ; d,  d,  commencing  lymphatic  vessels  connected  at  b,  b,  with 
the  cell-spaces. 

with  them  that  proliferation  is  apt  to  occur  in  chronic  inflammation  of 
the  serous  membranes. 

The  nerves  of  the  serous  membranes  are  destiued  chiefly  for  the 
blood-vessels,  and  for  the  most  part  accompany  these  in  their  course. 
A few  pale,  fibres,  however,  are  distributed  to  the  substance  of  the 
membrane,  m which  they  form  a plexus  with  large  meshes  : from  the 
ji  an ch.es  this,  fibrils  may  be  traced  which  unite  into  a somewhat 
finer  plexus  near  the  surface. 


i * ’ , e in  ernal  surface  of  serous  cavities  is  moistened  and  lubricated  vritb 

srmll  nmnHt  ^ ^^y  colourless  fluid,  which  in  health  exists  only  in  a very 
xi  l , is  fluid,  which  is  doubtless  derived  from  the  blood-vessels  of 

f )Cen  commonly  represented  as  similar  in  constitution  to  the 

b!°°v  Xt  Was  lon&r  since  remarked  by  Hewson  (and  a similar 

opinion  seems  to  have  been  held  by  Haller  and  Monro),  that  the  fluid  obtained 
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from  the  serous  cavities  of  recently  killed  animals  coagulates  spontaneously,  and 
thus  resembles  the  lymph  of  the  lymphatic  vessels,  and,  we  may  add,  the  liquor 
sanguinis  or  plasma  of  the  blood,  the  coagulation  being,  of  course,  due  to  the 
presence  of  fibrin,  or  of  its  two  constituents  fibrinogen  and  para-globulin.  Ilewson, 
who  regarded  the  fluid  as  lymph,  found  that  the  coagulability  diminished  as  the 
quantity  increased.  Hcwson  made  his  observations  on  the  fluid  of  the  peritoneum, 
pleura  and  pericardium,  in  various  animals,  viz.,  bullocks,  dogs,  geese  and 
rabbits. 

■When  the  fluid  gathers  in  unusual  quantity  as  in  dropsies,  it  rarely  coagulates 
spontaneously  on  being  let  out ; but  will  often  yield  a coagulum  on  the  addition 
of  para-globulin  as  already  stated.  From  this  it  may  be  inferred  that  fibrinogen 
is  present,  but  not  the  para-globulin  requisite  to  generate  fibrin. 

The  identity  in  character  of  the  fluid  of  serous  cavities  and  the  lymph-plasma 
is,  it  need  scarcely  be  remarked,  in  keeping  with  the  notion  of  their  being  great 
lymph-spaces  in  open  connection  with  lymphatic  vessels.  But  this  view  is  quite 
reconcilable  with  the  mechanical  purpose  commonly  ascribed  to  these  membranes, 
of  lubricating  and  facilitating  the  movement  of  mutually  opposed  surfaces. 

When  a serous  membrane  is  inflamed,  it  has  a great  tendency  to  throw  out 
coao-ulable  lymph  (or  fibrin)  and  serum,  the  two  constituents  of  the  blood-plasma, 
the°former  chiefly  adhering  to  the  inner  surface  of  the  membrane,  whilst  the 
latter  gathers  in  its  cavity.  The  coagulable  lymph  spread  over  the  surface,  in 
form  of  a “ false  membrane,”  as  it  is  called,  or  agglutinating  the  opposed  surfaces 
of  the  serous  sac  and  causing  adhesion,  becomes  pervaded  by  blood-vessels,  and  in 
process  of  time  converted  into  areolar  tissue. 

Breaches  of  continuity  in  these  membranes  are  readily  repaired,  and  the  newly 
formed  portion  acquires  all  the  characters  of  the  original  tissue. 


Resembling  serous  membranes  in  some  respects,  the  synovial  mem- 
branes are  distinguished  by  the  nature  of  their  secretion,  for  this  is  a 
viscid  glairy  fluid  resembling  the  white  of  an  egg,  named  synovia . 

These  membranes  surround  the  cavities  of  joints,  and  are  found  in  con- 
nection with  moving  parts  in  certain  other  situations  ; their  secretion 
being  in  all  cases  intended  to  lessen  friction,  and  thereby  facilitate  motion. 

The  different  synovial  membranes  of  the  body  are  referred  to  three 
classes,  viz.,  articular,  vesicular,  and  vaginal. 

1.  Articular  synovial  membranes,  or  Synovial  capsules  of 
joints. — These  by  their  synovial  secretion  lubricate  the  cavities  ot  the 
diarthrodial  articulations,  that  is,  those  articulations  in  which  the 
opposed  surfaces  glide  on  each  other.  In  these  cases  the  membrane 
may  be  readily  seen  covering  internally  the  surface  of  the  capsular  and 
other  ligaments  which  bound  the  cavity  of  the  joint,  and  affording  also 
an  investment  to  the  tendons  or  ligaments  which  happen  to  pass  through 
the  articular  cavity,  as  in  the  instance  of  the  long  tendon  ot  the  biceps 
muscle  in  the  shoulder-joint.  On  approaching  the  articular  cartilages 
the  membrane  does  not  pass  over  these,  but  terminates  after  advancing 
but  a little  way  on  their  surface,  with  which  it  is  here  firmly  adherent. 
So  that,  it  will  be  seen,  the  synovial  membranes  do  not  form  closed 
ban's  lying  between  the  articular  cartilages  as  was  supposed  by  the  oldei 
anatomists,  for  the  main  part  of  the  surfaces  of  the  joints  are  not 
covered  at  all  by  the  membrane,  nor  even  by  a layer  of  epithelioid  cells, 
prolonged  from  the  membrane,  as  some  have  supposed. 
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• f twp  nrp  very  generally  cleft  into  fringes  at  their  free  border, 
various  pomts  These  axe i J7g  » numer0US;  arc  densely  distributed. 

upon  which  their  bloody  - ^ when  of  tolerable  size,  are  sufficiently  obvious  ; 
They  often  contain  fat,  anc  ’ qlconsPiCuous.  The  fringed  vascular  folds 
but  many  of  them  are  very  sm  ribed  Dr  ciopton  Havers  (1691),  under 
of  the  synovial  membrane  ’ Regarded  them  as  an  apparatus  for 

the  name  of  the  JLle  admitting  that,  as  so  many 

secreting  synovia.  Subseque  . contribute  to  increase  the 

extensions  of  the  Mcr^mg  niembiMie^the^^to  ^ ^ 

secretion,  have,  for  the  i t p f a mechanicai  provision  for  occupying 

considering  them  rathei  m J * id  in  ^ motion  of  tlie  joints,  and  this 

spaces  which  would  ™ ^ larger<  fat.inci0smg  folds.  The  smaller  and 

reWnLhus  foffiVes°have  however,  been  found,  on  investigation  by  Rainey  to  be 
^ as  originally  supposed  by  Havers.  Rainey  found 

Zt  the  processes  in  question  exist  in  the  bursal  and  vaginal  synovial  membranes 
as  wed  as  in  those  of  joints,  wherever,  in  short,  synovia  is  secreted.  He  states 
that  their  blood-vessels  have  a peculiar  convoluted  arrangement,  differing  fiom 
Sat  ofthe  vessels  of  fat,  and  that  the  layer  of  cells  covering  them,  “ besides  in- 
closing separately  each  packet  of  convoluted  vessels,  sends  off  from  each  tubular 
sheath  secondary  processes  of  various  shapes,  into  which  no  blood-vessels  entei. 


2.  Vesicular  or  Bursal  synovial  membranes,  Synovial  bursa, 
Bursa  mucosa. — In  these  the  membrane  has  the  form  of  a simple  sac, 
interposed,  so  as  to  prevent  friction,  between  two  surfaces  which  move 
upon  each  other.  The  synovial  sac  in  such  cases  is  flattened  and  has 
its  two  opposite  sides  in  apposition  by  their  inner  surface,  which  is 
free  and  lubricated  with  synovia,  whilst  the  outer  surface  is  attached  by 
areolar  tissue  to  the  moving  parts  between  which  the  sac  is  placed. 

In  point  of  situation,  the  burs®  may  be  either  deep-seated  or  subcu- 
taneous. The  former  are  for  the  most  part  placed  between  a muscle  oi 
its  tendon  and  a bone  or  the  exterior  of  a joint,  less  commonly  between 
two  muscles  or  tendons : certain  of  the  burs®  situated  in  the  neigh- 
bourhood of  joints  not  unfrequently  open  into  them.  The  subcutaneous 
burs®  lie  immediately  under  the  skin,  and  are  found  in  various  regions 
of  the  body  interposed  between  the  skin  and  some  firm  prominence 
beneath  it.  The  large  bursa  situated  over  the  patella  is  a well-known 
example  of  this  class,  but  similar  though  smaller  burs®  are  found  also 
over  the  olecranon,  the  malleoli,  the  knuckles,  and  various  other  pro- 
minent parts.  It  must,  however,  be  observed  that,  among  these  subcu- 
taneous burs®,  some  are  reckoned  which  do  not  always  present  the 
characters  of  true  synovial  sacs,  but  look  more  like  mere  recesses  in  the 
subcutaneous  areolar  tissue,  larger  and  more  defined  than  the  neigh- 
bouring areol®,  but  still  not  bounded  by  an  evident  synovial  membrane. 
These  may  be  looked  on  as  examples  of  less  developed  structure, 
forming  a transition  between  the  areolar  tissue  and  perfect  synovial 
membrane. 

3.  Vaginal  synovial  membranes  or  Synovial  sheaths. — These  are 
intended  to  facilitate  the  motion  of  tendons  as  they  glide  in  the  fibrous 
sheaths  which  bind  them  down  against  the  bones  in  various  situations. 
The  best-marked  examples  of  such  ‘fibrous  sheaths  are  to  be  seen  in  the 
hand  and  foot,  and  especially  on  the  palmar  aspect  of  the  digital  pha- 
langes, where  they  confine  the  long  tendons  of  the  flexor  muscles.  In 
such  instances  one  part  of  the  synovial  membrane  forms  a lining  to  the 
osseo-fibrous  tube  in  which  the  tendon  runs,  and  another  part  affords  a 

* Proceedings  of  tlie  Royal  Society,  May  7th,  1846. 
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close  investment  to  the  tendon.  The  space  between  these  portions  of 
the  membrane  is  lubricated  with  synovia  and  crossed  obliquely  by  one 
or  more  folds  or  duplications  of  the  membrane,  in  some  parts  inclosing 
elastic  tissue  (Marshall).  These  are  named  “ fraena,”  and  pass  from 
one  part  of  the  membrane  to  the  other. 

Structure  of  synovial  membranes. — The  synovial  membranes 
are  composed  essentially  of  connective  tissue  with  blood-vessels  and 
nerves.  It  was  formerly  stated  that  they  were  lined  with  an  epithe- 
lioid layer  of  flattened  cells,  similar  to  those  lining  the  serous  mem- 
branes, but,  as  was  shown  by  Hi'iter,  there  exists  on  the  synovial 
membranes  no  complete  lining  of  the  kind.  Patches  of  cells  may,  it 
is  true,  here  and  there  be  met  with  which  present  an  epithelioid 
appearance  (fig.  134,  e ),  as,  indeed,  we  know  to  be  the  case  in  the  con- 
nective tissue  of  other  parts  ; but  most  of  the  surface-cells  of  the 
synovial  membranes  are  of  the  irregularly-branched  type  (fig.  134,  s), 
the  surface  of  the  membrane  between  the  cells  and  sometimes  also  over 
them  being  formed  by  the  ground  substance  of  the  connective  tissue, 
whilst  here  and  there  small  blood-vessels  come  to  the  surface  from 


Fig.  135. 


Fig.  134. — Cell-Spaces  from  Synovial  Surface  of  Tendon  (Human).  340  Diameters. 

e,  part  of  an  epithelioid  patch  ; s,  more  isolated,  branched  cell-spaces.  The  nuclei  of 
the  cells  are  faintly  indicated. 

Fig.  135- — Connective-Tissue  Corpuscles  from  Articular  Synovial  Membrane  of 

Ox.  Magnified  250  Diameters. 


the  subjacent  parts.  The  cells  and  cell-spaces  of  the  synovial  mem- 
brane are  at  many  places  considerably  smaller  than  those  of  the  connec- 
tive tissue  generally  : this  is  owing  to  a scantiness  in  the  amount  ot 
protoplasm,  the  nuclei  being  of  the  usual  size  and  often  appearing 
almost  to  fill  the  body  of  the  cell.  Sometimes  the  cell-spaces  with 


203 


VESSELS  OF  SYNOVIAL  MEMBRANES. 


• «.  fo  n rinse  network  of  anastomosing  channels  which,  as 

SfraspZd  »tfo^niued  by  cell-protoplasm  (fig.  135  Such 
SSks  areP  met  ’with  more  frequently  in  some  animals  (ox)  than  m 


“ The  cells  of  the  vaginal  synovial  membrane  are  often  slightly  elongated 

i-n  thp  direction  of  the  axis  of  the  tendon. 

The synovial  membranes  pass,  as  before  said,  a certain 


Fig.  136. — Transition  of 
Cartilage  Cells  into 
Connective  Tissue  Cor- 
puscles of  Synovial 
Membrane.  About 
340  Diameters.  From 
Head  of  Metatarsal 
Bone,  Human. 

a,  ordinary  cartilage 
cells  ; b,  b,  with  branched 
processes. 

distance  over  the  car- 
tilages of  the  joints. 
They  do  not,  how- 
ever, end  abruptly,  but ' shade  off  gradually  into  the  surface  layer,  of 
cartilage,  the  fibrous  tissue  disappearing  and  the  cells  gradually  losing 
their  processes  and  becoming  transformed  into  cartilage  cells  (fig.  136), 
so  that  it  is  difficult  to  say  for  certain  where  the  one  begins  and  the 
other  ends.  This  portion  of  the  synovial  membrane,  which  overlies  the 
edge  of  the  cartilage,  is  known  as  the  “marginal  zone  it  is  most 
marked  around  the  convex  heads  of  the  bones,  and  is  especially  well 
seen  near  the  lower  margin  of  the  patella  (Hiiter). 

The  Haversian  folds  and  fringes,  at  least  the  larger  ones,  agree  in 
general  structure  with  the  rest  of  the  tissue  of  the  synovial  membrane, 
(except  that,  as  before  remarked,  some  of  them  contain  fat);  their  surface 
layer  contains  for  the  most  part  irregularly  stellate  cells,  except  over 
the  fat,  where  we  have  occasionally  observed  a true  epithelioid  arrange- 
ment like  that  of  a serous  membrane.  The  smaller  non-vascular 
secondary  fringes  of  Rainey  are  minute  finger-shaped  processes  pro- 
jecting from  the  margins  of  the  larger  ones,  and  consist  for  the  most 
part  of  small  rounded  cells  with  granular  protoplasm  and  but  little 
intercellular  substance  ; some  of  them  may  contain  a few  connective 
tissue  fibrils  or  even  one  or  two  cartilage-cells  (Kolliker). 

Vessels. — The  blood-vessels  in  and  immediately  underneath  the 
membrane  are  sufficiently  manifest  in  most  parts  of  the  joints.  They 
advance  hut  a little  way  upon  the  cartilages,  forming  a vascular  zone 
around  the  margin  of  each,  named  “ circulus  articuli  vasculosus  ” (W. 
Hunter),  in  which  they  end  by  loops  of  vessels  dilated  at  the  bent 
part  greatly  beyond  the  diameter  of  ordinary  capillaries  (Toynbee). 
In  the  foetus,  these  vessels  advance  further  upon  the  surface  of  the 
cartilage. 

The  vessels  of  the  vaginal  synovial  membranes  are  less  numerous  than 
those  of  the  synovial  membranes  of  the  joints. 


Fig.  136. 


* Journal  of  Anatomy  and  Physiology,  May,  1874. 
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Lymphatic  vessels  have  not  hitherto  been  demonstrated  in  the 
synovial  membranes. 

Nerves. — W.  Krause  describes  the  nerves  of  the  synovial  membranes 
(at  least  those  of  the  joints)  as  terminating  in  peculiar  corpuscles  allied 
to  end  bulbs.  Another  observer  (Nicoladoni)  has  traced  the  nerves  into 
a plexus  of  pale  fibrils  lying  close  under  the  surface  of  the  membrane. 

Development. — Itcyher  describes  the  development  of  the  synovial  mem- 
branes as  follows  : — At  the  time  of  the  formation  of  a joint  the  surrounding- 
tissue  becomes  changed,  so  that  while  its  outer  part  developes  into  the  fibrous 
capsule  of  the  joint,  its  inner  part  forms  the  commencement  of  the  synovial 
membrane.  The  cartilage  cells  on  the  surfaces  of  the  newly  formed  joint  are  at 
first  placed  closely  together  without  matrix  or  intercellular  substance ; after  a time 
this  appears  in  fine  lines  between  the  cells,  so  that  these,  in  silvered  preparations, 
now  present  an  epithelioid  appearance.  By  a further  development  of  intercellu- 
lar substance  the  superficial  cells  become  more  separated  from  one  another,  and 
now  possess  an  irregularly  branched  shape  with  communicating  processes.  Near 
the  edge  of  the  cartilage  this  condition  is  permanent,  so  that  the  marginal  zone 
of  the  synovia]  membrane  is  formed  here  in  .situ  from  what  was  originally  carti- 
lage. More  towards  the  centre  of  the  articular  surface,  however,  a further 
change  takes  place  in  the  progress  of  development,  for  in  these  parts  the  cells 
lose  their  processes  and  acquire  the  characters  of  ordinary  cartilage  cells,  whilst 
at  the  same  time  the  matrix  becomes  much  increased  between  them,  and  forms 
also  a thin  layer  covering  their  surface. 

Synovia. — As  already  stated,  this  is  a viscid  transparent  fluid  ; it  has  a yellowish 
or  faintly  reddish  tint,  and  a slightly  saline  taste.  According  to  Frerichs,  the 
synovia  of  the  ox  consists  of  94'85  water,  0’56  mucus  and  cells,  007  fat, 
051  albumin  and  extractive  matter,  and  0'99  salts.  If  a drop  of  synovial  fluid 
be  examined  microscopically,  it  is  found  to  contain  (in  addition  to  fat-molecules) 
a few  amoeboid  corpuscles,  as  well  as  cells  similar  to  those  which  occur  on  the 
surface  of  the  membrane. 

MUCOUS  MEMBRANES. 

These  membranes,  unlike  the  serous,  line  internal  passages,  and  other 
cavities  which  open  on  the  surface  of  the  body,  as  well  as  various  re- 
cesses, sinuses,  gland-ducts  and  receptacles  of  secretion,  which  open 
into  such  passages.  They  are  habitually  subject  to  the  contact  of 
foreign  substances  introduced  into  the  body,  such  as  air  and  aliment, 
or  of  various  secreted  or  excreted  matters,  and  hence  their  surface  is 
coated  over  and  protected  by  mucus,  a fluid  of  a more  consistent  and 
tenacious  character  than  that  which  moistens  the  serous  membranes. 

Distribution. — The  mucous  membranes  of  several  different  or 
even  distant  parts  are  continuous,  and  they  may  all,  or  nearly 
all,  be  reduced  to  two  great  divisions,  namely  the  gastro-pneumoiw 
and  genito-ur inary.  The  former  covers  the  inside  of  the  alimentary 
and  air-passages  as  well  as  the  less  considerable  cavities  com- 
municating with  them.  It  may  be  described  as  commencing  at 
the  edges  of  the  lips  and  nostrils,  where  it  is  continuous  with 
the  skin,  and  proceeding  through  the  nose  and  mouth  to  the 
throat,  whence  it  is  continued  throughout  the  whole  length  of  the  ali- 
mentary canal  to  the  termination  of  the  intestine,  there  again  meeting 
the  skin,  and  also  along  the  windpipe  and  its  numerous  divisions  as  far 
as  the  air-cells  of  the  lungs,  to  which  it  affords  a lining.  From  the 
nose  the  membrane  may  be  said  to  be  prolonged  into  the  lachrymal 
passages,  extending  up  the  nasal  duct  into  the  lachrymal  sac  and  along 
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the  lachrymal  canals  until,  under  the  name  of  the  conjunctival  mem- 
brane, it  spreads  over  the  fore  part  of  the  eyeball  and  inside  of  the 
eyelids,  on  the  edges  of  which  it  encounters  the  skin  Other  offsets 
from  the  nasal  part  of  the  membrane  line  the  frontal,  ethmoidal,  sphe- 
noidal and  maxillary  sinuses,  and  from  the  upper  part  of  the  pharynx  a 
prolongation  extends  on  each  side  a ong  the  Eustachian  tube  to  line 
that  passage  and  the  tympanum  of  the  ear.  Besides  these  there  are 
offsets  from  the  alimentary  membrane  to  line  the  salivary,  panel eatic, 
and  biliary  ducts,  and  the  gall-bladder.  The  genitourinary  membrane 

• *1_  VI  inn  Of  XT  Klorlrl  np  Q.nrl  flip  wnolp  t.rap.fc 


whole  tract 

of  the  urine  in  both  sexes,  from  the  interior  of  the  kidneys  to  the 


invests  the  inside  of  the  urinary  bladder  and  the 


orifice  of  the  urethra,  also  the  seminal  ducts  and  vesicles  in  the  male, 
and  the  vagina,  uterus,  and  Fallopian  tubes  in  the  female. 

Attachment. — The  mucous  membranes  are  attached  by  one  surface 
to  the  parts  which  they  line  or  cover  by  means  of  areolar  tissue,  named 
<c  submucous,”  which  differs  greatly  in  quantity  as  well  as  in  consistency 
in  different  parts.  The  connection  is  in  some  cases  close  and  firm,  as  in 
the  cavity  of  the  nose  and  its  adjoining  sinuses ; in  other  instances, 
especially  in  cavities  subject  to  frequent  variation  in  capacity,  like  the 
gullet  and  stomach,  it  is  lax' and  allows  some  degree  of  shifting  of 
the  connected  surfaces.  In  such  cases  as  the  last-mentioned  the  mucous 
membrane  is  accordingly  thrown  into  folds  when  the  cavity  is  narrowed 
by  contraction  of  the  exterior  coats  of  the  organ,  and  of  course  these 
folds,  or  rugae,  as  they  are  named,  are  effaced  by  distension.  But  in 
certain  parts  the  mucous  membrane  forms  permanent  folds,  not  capable 
of  being  thus  effaced,  which  project  conspicuously  into  the  cavity  which 
it  lines.  The  best-marked  example  of  these  is  presented  by  the  valvulce 
conniventes  seen  in  the  small  intestine.  These,  as  is  more  fully  de- 
scribed in  the  special  anatomy  of  the  intestines,  are  crescent-shaped 
duplicatures  of  the  membrane,  with  connecting  areolar  tissue  between 
their  lamime,  which  are  placed  transversely  and  follow  one  another  at 
very  short  intervals  along  a great  part  of  the  intestinal  tract.  The 
chief  purpose  of  the  valvulae  conniventes  is  doubtless  to  increase  the 
surface  of  the  absorbing  mucous  membrane  within  the  cavity,  and  it 
has  also  been  supposed  that  they  serve  mechanically  to  delay  the  ali- 
mentary mass  in  its  progress  downwards.  A mechanical  office  has  also 
been  assigned  to  a series  of  oblique  folds  of  a similar  permanent  kind, 
though  on  a smaller  scale,  which  exist  within  the  cystic  duct. 

Physical  properties. — In  most  situations  the  mucous  membranes 
are  nearly  opaque  or  but  slightly  translucent.  They  possess  no  great 
degree  of  tenacity  and  but  little  elasticity,  and  hence  are  readily  torn 
by  a moderate  force.  As  to  colour,  they  cannot  be  said  intrinsically  to 
have  any,  and  when  perfectly  deprived  of  blood  they  accordingly  appear 
white  or  at  most  somewhat  grey.  The  redness  which  they  commonly 
exhibit  during  life,  and  retain  in  greater  or  less  degree  in  various  parts 
after  death,  is  due  to  the  blood  contained  in  their  vessels,  although  it 
is  true,  that,  after  decomposition  has  set  in,  the  red  matter  of  the  blood, 
becoming  dissolved,  transudes  through  the  coats  of  the  vessels,  and 
gives  a general  red  tinge  to  the  rest  of  the  tissue.  The  degree  of 
redness  exhibited  by  the  mucous  membranes  after  death  is  greater  in 
the  ioc t us  and  infant  than  in  the  adult.  It  is  greater  too  in  certain 
situations ; thus,  of  the  different  parts  of  the  alimentary  canal,  it  is 
most  marked  in  the  stomach,  pharynx,  and  rectum.  Again,  the  intensity 
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of  the  tint,  as  well  as  its  extent,  is  influenced  by  circumstances  accom- 
panying or  immediately  preceding  death.  Thus  the  state  of  inflam- 
mation, or  the  local  application  of  stimuli  to  the  membrane,  such  as 
irritant  poisons,  or  even  food  in  the  stomach,  is  apt  to  produce  increased 
redness ; and  all  the  mucous  membranes  are  liable  to  be  congested  with 
blood  and  suffused  with  redness  when  death  is  immediately  preceded 
by  obstruction  to  the  circulation,  as  in  cases  of  asphyxia,  and  in  many 
diseases  of  the  heart. 

Structure. — A mucous  membrane  is  composed  of  corium  and  epithe- 
lium. The  epithelium  covers  the  surface ; it  may  be  scaly  and  stratified 
as  in  the  mouth  and  throat,  columnar  as  in  the  intestine,  or  ciliated  as 
in  the  respiratory  tract  and  uterus.  The  membrane  which  remains 
after  removal  of  the  epithelium  is  named  the  corium,  as  in  the  analogous 
instance  of  the  true  skin.  The  corium  may  be  said  to  consist  of  a 
fibro-vascular  layer,  of  variable  thickness,  bounded  superficially  or  next 
the  epithelium  by  an  extremely  fine  transparent  lamella,  named  base- 
ment-membrane by  Bowman,  and  primary  membrane,  limitary  membrane, 
and  membrana  propria  by  others  who  have  described  it. 

The  basement-membrane  is  best  seen  in  parts  where  the  mucous 
membrane  is  raised  into  villous  processes,  or  where  it  foims  secieting 
crypts  or  minute  glandular  recesses,  such  as  those  which  abound  in  the 
stomach  and  intestinal  canal  (fig.  137,  b).  On  teasing  out  a portion  of 
the  gastric  or  intestinal  mucous  membrane  under  the  microscope,  some 
of  the  tubular  glands  are  here  and  there  discovered  which  are  tolerably 
well  cleared  from  the  surrounding  tissue, , and  their  parietes  are  seen  to 
be  formed  of  a thin  pellucid  film,  which  is  detached  from  the  adjoining 
fibro-vascular  layer,  the  epithelium  perhaps  still  remaining  in  the  inside 
of  the  tube  or  having  escaped,  as  the  case  may  be.  The  fine  film 
referred  to  is  the  basement-membrane.  It  may  by  careful  search  be  seen 
too  on  the  part  of  the  corium  situated  between  the  orifices  of  the  glands, 
and  on  the  villi,  when  the  epithelium  is  detached,  although  it  cannot  be 
there  so  readily  separated:  from  the  vascular  layer.  In  these  parts  it 
manifestly  forms  a superficial  boundary  to  the  corium,  passing  continu- 
ously over  its  eminences  and  into  its  recesses,  defining  its  surface,  and 
supporting  the  epithelium.  In  other  parts  where  villi  and  tubular 
glands  are  wanting,  and  especially  where  the  mucous  membrane,  more 
simply  arranged,  presents  an  even  surface,  as  in  the  tympanum  and 
nasal  sinuses,  the  basement-membrane  is  absent,  or  at  least  not  demon- 


The  basement-membrane,  as  already  said,  forms,  the  penphera 
boundary  of  the  corium ; it  is  in  immediate  connection  with  the  epi- 
thelium. By  its  under  surface  it  closely  adjoins  the  fibro-vascular 
laver,  with  the  retiform  tissue,  d,  of  which  it  is  in  connection.  1 he 
vessels  of  the  corium  advance  close  up  to  the  basement-membrane,  but 
nowhere  penetrate  it.  In  structure  the  membrane  m question  seems  at 
first  sight  perfectly  homogeneous,  but  treatment  with  nitrate  of  silver 
brings  to  view  the  outlines  of  flattened  epithelioid  connective  tissue 

cells,  of  which  it  is  in  reality  composed*  . ,,, 

The  fibro-vascular  layer  of  the  corium  is  composed  of  vessels  hot 
sanguiferous  and  lymphatic,  with  connective  tissue— areolar  and  reti- 

* In  the  large  intestine  of  the  frog,  and  perhaps  also  in  some  other  parts, these  cells, 
instead  of  adhering  by  their  edges,  intercommunicate  by  processes,  so  as  to  form  . 
network  instead  of  a continuous  membiane. 
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form aufl,  in  many  parts,  non-striatecl  muscular  tissue,  variously 

disposed.  ’The  nerves  also  which  belong  to  the  mucous  membrane  are 
distributed  in  this  part  ot  its  structure  ; in  some  pai  ts,  the  palate  and 


Fig.  137. 


Fig.  137. — Tubular  Gland  with  adjacent  Lymphoid  Tissue,  from  Intestine  of 
Rabbit  (Verson).  Highly  magnified. 

K,  lumen  of  gland  ; a,  a,  epithelium  with  thickened  striated  border  ; d,  lymphoid 
tissue,  from  which  most  of  the  corpuscles  have  been  removed.  Between  this  and  the 
epithelium  is  seen  the  basement-membrane,  b,  in  section.  T,  more  condensed  connective- 
tissue  of  the  mucous  membrane. 


vagina  for  iustance,  minute  branches  of  the  nerves  have  also  been  traced 
extending  between  and  amongst  the  epithelium  cells. 

The  vessels  exist  almost  universally  in  mucous  membranes.  The 
branches  ot  the  arteries  and  veins,  dividing  in  the  submucous  tissue, 
send  smaller  branches  into  the  corinm,  which  at  length  form  a network 
ot  capillaries  in  the  fibro-vascular  layer.  This  capillary  network  lies 
immediately  beneath  the.  epithelium,  or  the  basement-membrane  when 
tns  is  present,  advancing  with  that  membrane  into  the  villi  and 
papi  ae  to  be  presently  described,  and  surrounding  the  tubes  and  other 

The  iymphatfcs  also  form  networks,  which  com- 
thf'ir pl®xuses  larger  vessels  in  the  submucous  tissue; 
noticed  & generaU^  as  wel1  as  in  the  villi,  has  been  already 

^nne?lVe  tlfUG  which  entcr  mto  the  formation  of  the 

interlacing  hnrirU  10  n ^1C  ePas^0,  The  former  are  arranged  in 

nterla  ng  bundles>  the  elastic  commonly  in  networks  ; but  the  amount 
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of  both  is  very  different  in  different  parts.  In  some  situations,  as  in  the 
gullet,  windpipe,  bladder,  and  vagina,  the  filamentous  connective  tissue 
is  abundant,  and  extends  throughout  the  whole  thickness  of  the  fibro- 
vascular  layer,  forming  a continuous  and  tolerably  compact  web,  and 
rendering  the  mucous  membrane  of  those  parts  comparatively  stout  and 
tough.  In  the  stomach  and  intestines,  on  the.  other  hand,  where  the 
membrane  is  more  complex,  and  at  the  same  time  weaker  in  structure, 
the  elastic  fibres  are  wanting  and  the  white  connective  tissue  is  in  small 
proportion  ; its  principal  bundles  follow  and  support  the  blood-vessels, 
deserting,  however,  their  finer  and  finest  branches  which  lie  next  the 
basement-membrane  ; and  accordingly  there  exists,  for  some  depth 
below  this  membrane,  a stratum  of  the  corium  in  which  very  few  if  any 
filaments  of  the  common  areolar  tissue  are  seen.  In  this  stratum  of 
the  gastro-enteric  mucous  membrane,  the  tubular  glands  with  their 
linin c epithelium  are  set,  and  between  and  around  them  the  numerous 
sanguiferous  capillaries  and  lymphatic  vessels  are  distributed  ; but  the 
substance  of  the  membrane  in  which  these  parts  lie  is  constructed  of 
retiform  connective  tissue,  which  is  formed  of  ramified  and  reticularly 
connected  corpuscles,  with  or  without  nuclei  persistent  at  the  points 
whence  the  branches  divaricate;  and  in  the  meshes  of  this  tissue 
is  contained  a profusion  of  granular  corpuscles,  like  those  m the 

lymphatic  glands.  This  structure 
(fig.  137  and  138  cl),  which  prevails  in 
the  mucous  membrane  of  the  stomach 
and  intestines,  both  large  and  small,  as 
well  as  in  some  other  parts,  is  named 
lymphoid  tissue  from  its  resemblance 
to  the  interior  tissue  of  the  lymphatic 
glands,  and  of  other  bodies  belonging 
to  or  supposed  to  belong  to  the  lym- 
phatic  system,  and  especially  _ those 
known  as  the  solitary  and  agminated 
glands  of  the  alimentary  mucous  mem- 
brane. The  tissue  forming  the  last- 
named  bodies,  indeed,  is  often  con- 
tinuous with  the  lymphoid  tissue  in 
their  vicinity. 

The  deepest  layer  of  the  mucous 
membrane  is  formed  usually  bv  non- 
striated  muscular  tissue,  and  is  named 
muscularis  mucosa.  This  lies  next  to 
the  submucous  tissue,  and  consists  of 
bundles  running  in  many  parts  both 


Fig.  138. 


Fig.  138. — Lymphoid  ok.  Retiform 
Tissue  of  the  Intestinal  Mucous 
Membrane  of  the  Sheep  (from  Frey). 
Magnified  400  Diameters. 

Cross  section  of  a small  fragment  of 
tlie  mucous  membrane,  including  one 
entire  crypt  of  Lieberkiihn  and  parts  of 


entire  crypt  ot  me Dericunn  anu  parrs  oi  uiuiuico  i«uumb  . — _ — i • . i 

several  others  : a,  cavity  of  the  tubular  longitudinally  and  Circularly,  in  Olliers 
(rlnnrls  or  crvpts  : 6.  one  of  tlie  lining  • f Wo  directions  Only.  Pl'O- 


glands  or  crypts  ; b,  one  of  the  linin 
epithelial  cells  ; c,  the  lymphoid  or  reti- 
form spaces,  of  which  some  are  empty, 
and  others  occupied  by  lymph-cells  as 
at  d. 


in  one  of  these  directions  only.  Pio- 
longations  from  it  pass  up  between  the 
o-lands  to  be  distributed  in  the  villi. 

Papillae  and  villi.— The  free  sur- 
face of  the  mucous  membranes  is  m 
some  parts  plain,  but  in  others  is  beset  with  little  eminences  named  papilla 
and  villi.  The  papilla  are  best  seen  on  the  tongue  ; they  aie  s“al  J- 
cesses  of  the  corium,  mostly  of  a conical  or  cylindrical  figure,  couta"  [j. 
bS-vLsels  and  nerves,  and  covered  with  epithelium.  Some  are  small 
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Fig.  139. 


and  simple,  others  larger  and  compound  or  cleft  into  secondary  papillae. 
They  serve  various  purposes  ; some  of  them  no  doubt  minister  to  the 
senses  of  taste  and  touch,  many  appear  to  have  chiefly  a mechanical 
office,  while  others  would  seem  intended  to  give  greater  extension  to 
the  surface  of  the  corium  for  the  production  of  a thick  coating  of 
epithelium.  The  villi  are  most  fully  developed  on  the  mucous  coat  of 
the  small  intestines.  Being  set  close  together  like  the  pile  of  velvet, 
they  give  to  the  parts  of  the  membrane  which  they  cover  the  aspect 
usually  denominated  “ villous.”  They  are  in  reality  little  elevations  or 
processes  of  the  superficial  part  of  the  corium,  covered  with  epithelium, 
and  containing  blood-vessels  and  lacteals,  which  are  thus  favourably 
disposed  for  absorbing  nutrient  matters  from  the  intestine.  The  more 
detailed  description  of  the  papillm  and  villi  belongs  to  the  special 
anatomy  of  the  parts  where  they  occur. 

In  some  few  portions  of  the  mucous  membrane  the  surface  is  marked 
with  fine  ridges  which  intersect  each  other  in  a reticular  manner,  and 
thus  inclose  larger  and  smaller  polygonal  pits  or  recesses.  This 
peculiar  character  of  the  surface  of  the  membrane,  which  has  been 
termed  “ alveolar,”  is  seen  very  distinctly  in  the  gall-bladder,  and  on  a 
finer  scale  in  the  vesiculm  seminales ; still  more  minute  alveolar  recesses 
with  intervening  ridges  may  be  discovered 
with  a lens  on  the  mucous  membrane  of  the 
stomach  (fig.  139). 

Glands  of  mucous  membranes. — Many, 
indeed  most,  of  the  glands  of  the  body  pour 
their  secretions  into  the  great  passages  lined 
by  mucous  membranes  ; but  there  are  certain 
small  glands  which  may  be  said  to  belong 
to  the  membrane  itself,  inasmuch  as  they  are 
found  in  numbers  over  large  tracts  of  that 
membrane,  and  yield  mucus,  or  special  secre- 
tions known  to  be  derived  from  particular 
portions  of  the  membrane.  Omitting  local 
peculiarities  the  glands  referred  to  may  be 
described  as  of  three  kinds,  viz.  : — 

1.  Tubular  glands.  — These  are  minute 
tubes  formed  by  recesses  or  inversions  of 
the  basement  membrane,  and  lined  with  epithelium.  They  are  usually 
placed  perpendicularly  to  the  surface,  and  often  very  close  together, 
and.  they  constitute  the  chief  substance  of  the  mucous  membrane 
in  those  parts  where  they  abound,  its  apparent  thickness  depend- 
ing on  the  length  of  the  tubes,  which  differs  considerably  in  different 
legions.  I he  tubes  open  by  one  end  on  the  surface  ; the  other  end  is 
c osc  , and  is  either  simple  or  cleft  into  two  or  more  branches.  The 
u u ar  g ands  are  abundant  in  the  stomach,  and  in  the  small  and 
rTS’iWare  tlrley  are  .comparatively  short  and  known  as  the 

m noons  C1’kulm*  They  exist  also  in  considerable  numbers  in  the 
mucous  membrane  of  the  uterus. 

miniih  — Under  this  head  are  here  comprehended 

bran  oh  pd  dnois  „fU?  c<?mP0lin^  glands  of  the  racemose  kind,  with  single 
mem  bn  no  NTn  ]Yarioas  lengths,  which  open  on  different  parts  of  the 

the  mnnih  anr)  a ^ ^cse>  yielding  a mucous  secretion,  open  into 

V0L  n c mdpipe.  To  the  naked  eye  they  have  the  appearance 


Fig.  139. — Portion  of  Mu- 
cous Membrane  of  the 
Stomach,  slightly  mag- 
nified. The  alveolar  pits 
and  small  orifices  of  the 
tubular  glands  are  seen 
(after  Ecker). 
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of  small  solid  bodies,  often  of  a flattened  lenticular  form,  but  varying 
much  both- in  shape  and  size,  and  placed  at  different  depths  below  the 
mucous  membrane  on  which  their  ducts  open.  The  glands  of  llrunner, 
which  form  a dense  layer  in  the  commencing  part  of  the  duodenum,  are 
of  this  kind. 

3.  Solitary  and  agminated  glands,  conglobate  glands  (Henl e),  follicular 
glands  (Kolliker),  lymphoid  glands.— Found  in  various  parts  of  the 
alimentary  mucous  membrane.  They  may  be  single  ( solitary 
glands),  or  in  patches  {agminated  glands),  and  commonly  extend 
down  into  the  submucous  tissue.  They  are  small  rounded  bodies  con- 
sisting of  fine  retiform  tissue,  supporting  radiating  blood-capillaries, 
with  lymph-corpuscles  in  the  meshes,  and  communicating  with  similar 
tissue  (lymphoid  tissue)  diffused  in  the  adjacent  part  of  the  membiane. 
Several  of  these  follicles  are  sometimes  placed  round  a recess  of  the 
mucous  membrane  which  opens  on  the  surface,  and  which  may  be 
simple,  as  in  certain  glands  at  the  root  of  the  tongue  and  in  the  phai  \ nx, 
or  complex  and  multilocular,  as  in  the  tonsils. 

These  lymphoid  follicles,  although  designated  as  glands,  pour  out  no  secretion 
on  a surface.  They  are  to  be  regarded  as  dependencies  of  the  lymphatic  system, 
and  as  probably  concerned  in  the  production  of  lymph  corpuscles.  At  all  events, 
the  lymphatics  are  extremely  abundant  in  their  immediate  neighbourhood,  and  m 
some  places  form  a kind  of  sinus  closely  surrounding  the  follicle. 

The  mucous  membranes  are  supplied  with  nerves,  and  endowed 
with  sensibility  ; but  the  proportion  of  nerves  which  they  receive, 
as  well  as  the  degree  of  sensibility  which  they  possess,  differs  very 
o-reatly  in  different  parts.  The  mode  of  distribution  and  termination 
Sf  these  nerves  will  be  dealt  with  in  describing  the  special  anatomy  of 
the  parts  where  they  occur. 


Granules  and  molecules  occasionally.  The  visci- 
dity of  mucus  depends  on  the  liquid  part,  which 
contains  a peculiar  substance,  named  by  the 

membrane  whence  it  is  derived.  Jjxamiuw 

_ r J in  TTinln 


F! 

Magnified  (Klein). 
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And  Boda.  Fat  has  been  obtained  by  analysis  of  pulmonary  mucus,  reputed 
healthy. 

The  mucus  is  secreted  partly  by  the  general  surface  of  the  membrane,  partly 
by  special  racemose  and  tubular  glands.  It  is  produced  within  the  epithelium- 
cells,  and  accumulates  in  them  during  the  intervals  of  secretion,  in  the  columnar 
epithelium  principally  near  the  free  extremity.  On  the  addition  of  water  the 
mucus  swells  up,  and  may  eventually  burst  through  the  end  of  the  cell,  appearing 
on  the  surface  as  a pellucid  drop.  The  nucleus  and  the  greater  part  of  the  cell- 
protoplasm  are  usually  forced  towards  the  attached  extremity.  It  is  in  this 
manner  that  the  so-called  “ goblet-cells  ” appear  to  be  produced  : occasionally,  in 
the  process  of  preparing  a mucous  membrane  for  microscopical  examination, 
large  numbers  of  the  cells  may  undergo  the  transformation  (fig.  139  *). 

Regeneration. — The  reparatory  process  is  active  in  the  mucous  membranes. 
Breaches  of  continuity  occasioned  by  sloughing,  ulceration,  or  other  causes, 
readily  heal.  The  steps  of  the  process  have  been  examined  with  most  care  in  the 
healing  of  ulcers  of  the  large  intestine,  and  in  such  cases  it  has  been  found  that 
the  resulting  cicatrix  becomes  covered  with  epithelium,  but  that  the  tubular 
g-lands  are  not  reproduced. 

The  mucous  membrane  of  the  uterus  becomes  disintegrated  and  cast  oif  during 
each  menstrual  flow,  and  is  completely  regenerated  before  the  next  monthly 
period.  The  process  of  destruction  and  renovation  has  recently  been  carefully 
traced  and  described  by  Dr.  John  Williams  (Proceedings  of  the  Royal  Society, 
April,  1874). 

THE  SKIN. 

The  skin  consists  of  the  cutis  vera  or  corium,  and  the  cuticle  or 
epidermis. 

EPIDERMIS,  CUTICLE,  OR  SCARF-SKIN. 

This  belongs  to  the  class  of  stratified  epithelia,  the  general  nature 
of  which  has  been  already  considered.  It  forms  a protective  cover- 
ing over  every  part  of  the  true  skin,  and  is  itself  non-vascular.  The 
thickness  of  the  cuticle  varies  in  different  parts  of  the  surface, 
measuring  in  some  not  more  than  -g-^th,  and  in  others  from  J^th 
to  jVth  of  an  inch.  It  is  thickest  in  the  palms  of  the  hands  and 
soles  of  the  feet,  where  the  skin  is  much  exposed  to  pressure,  and 
it  is  not  improbable  that  this  may  serve  to  stimulate  the  subjacent 
true  skin  to  a more  active  formation  of  epidermis  ; but  the  difference 
does  not  depend  solely  on  external  causes,  for  it  is  well  marked  even  in 
the  foetus. 

Structure. — The  cuticle  is  made  up  of  cells  agglutinated  together  in 
many  irregular  layers.  The  deepest  cells  are  elongated  in  figure,  and 
placed  perpendicularly  on  the  surface  of  the  corium  (figs.  140  b and  144); 
they  are  denticulate  at  their  lower  ends,  and  fit  into  corresponding  fine 
denticulations  of  the  corium  into  which  they  appear  to  send  processes 
(ng.  144).  The  perpendicular  cells  generally  form  one,  but  in  some 
p aces  two  or  three  strata ; above  them  are  cells  of  a more  rounded 
S a!if ^ iSe’  as  ^rsk  shown  by  Max  Schultze  and  Yirchow,  are 
mai  -uP  -*r  sur^ce  with  numerous  ridges  and  furrows  (in  some 
oases  with  minute  spines).  The  ridges  of  neighbouring  cells  do  not, 
owevei , ^ interlock  one  with  another  as  was  at  first  supposed,  but  on 

e con  rary,  meet  at  their  summits  so  as  to  leave  between  the  cells 

V3  S through  which  it  is  conceived  nutrient  plasma  may  be 
c 0 the  cells.  These  ridged  cells  form  several  strata  ; above, 

y ecomc  gradually  more  flattened  conformably  to  the  surface  until 
a ayer  is  reached  in  which  it  becomes  difficult  in  sections  to  trace  the 
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Fig.  140. — Skin  of  the  Negro,  vertical 
SECTION,  MAGNIFIED  250  DIAMETERS 
(Kolliker). 

a,  a,  cutaneous  papillse  ; l,  under- 
most and  dark-coloured  layer  of  oblong 
vertical  epidermis- cells ; c,  mucous  or 
Malpighian  layer  ; cl,  horny  layer. 


outlines  of  the  individual  cells.  Immediately  above  this,  which  may 
be  looked  upon  as  the  commencement  of  the  horny  layer  of  the  epi- 
dermis (see  below),  is  a stratum  of 
Fig.  140.  considerable  thickness  in  which  the 

cells  arc  much  enlarged,  and  the 
nuclei  in  many  cases  no  longer 
visible  : towards  the  surface  they 
pass  into  the  hard  flattened  scales 
which  are  to  be  thrown  off  by 
desquamation.  As  the  cells  change 
their  form,  they  undergo  chemical 
and  physical  changes  in  the  nature 
of  their  contents  ; for  in  the  deeper 
layers  they  consist  of  a soft,  granu- 
lar, protoplasmic  matter,  soluble  in 
acetic  acid,  whilst  the  superficial 
ones  are  transparent,  dry,  and  firm, 
and  are  not  affected  by  that  reagent. 
It  would  seem  as  if  their  contents 
were  converted  into  horny  matter, 
and  that  a portion  of  this  substance 
is  employed  to  cement  them  to- 
gether. These  dry  hard  scales  may 
be  made  to  reassume  their  cellular 
form,  by  exposure  for  a few  minutes 
to  a solution  of  caustic  potash  or 
soda,  and  then  to  water.  Under 
this  treatment  they  are  softened 
by  the  alkali,  and  distended  by 
imbibition  of  water. 

The  more  firm  and  transparent  superficial  part,  or  horny  layer,  of  the- 
epidermis,  d,  may  be  separated  after  maceration  from  the  deeper,  softer, 
more  opaque,  and  recently  formed  part,  which  constitutes  what  is  called 

the  Malpighian  layer,  or  rete  mucosmn,  c. 

Many  of  the  cells  of  the  cuticle  contain  pigment  granules,  and  often 
o-ive  the  membrance  more  or  less  of  a tawny  colour,  even  m the  w nte 
races  of  mankind  ; the  blackness  of  the  skin  in  the  negro  depends- 
entirely  on  the  cuticle.  The  pigment  is  contained  principally  m the 
cells  of  the  deep  layer  or  rete  mucosum,  and  appears  to  fade  as  tney 
approach  the  surface,  but  even  the  superficial  part  possesses  a certain 
degree  of  colour.  More  special  details  respecting  the  pigment  have 

Be  tween  aifdV  amongst  the  cells  of  the  Malpighian  layer  leucocytes 
are  occasionally  observed.  They  have  no  doubt  made  their  way  e 

^ qqie  under  or  attached  surface  of  the  cuticle  is  moulded  on  the  adjoin- 
ing surface  of  the  corium,  and,  when  separated  by  maceration  or  pu- 
trefaction, presents  impressions  corresponding  exactly  with  the  papi U 7 
or  other  eminences,  and  the  furrows  or  depressions  of  the  me  km 
the  more  prominent  inequalities  of  the  latter  are  marked  also  on  the 
outer  surface  of  the  cuticle,  but  less  accurately.  Fine  tubulai  piolo 
o-ations  of  the  cuticle  sink  down  into  the  ducts  of  the  sweat-gland., 

S?c  often  partially  drawn  out  from  their  recesses  when  the  cuticle  ift 
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detached,  appearing  then  like  threads  proceeding  fioni  its  undei 
surface.  When  a portion  of  the  cuticle  is  destroyed  by  a blister,  or 
otherwise,  it  is  readily  regenerated. 


Chemical  composition.— The  cuticle  consists  principally  of  a substance 
peculiar  to  the  epithelial  and  homy  tissues,  and  named  keratin.  This  homy 
matter  is  insoluble  in  water  at  ordinary  temperatures,  and  also  m alcohol. 
It  is  soluble  in  the  caustic  alkalies.  In  composition,  it  is  analogous  to  the 
albuminoid  principles,  but  with  a somewhat  larger  proportion  of  oxgyen  ; like 
these  it  contains  sulphur.  Besides  keratin,  the  epidermis  yields,  on  analysis,  a 
small’ amount  of  fat,  with  salts,  and  traces  of  the  oxides  of  iron  and  manganese. 
The  tissue  of  the  cuticle  readily  imbibes  water,  by  which  it  is  rendered  soft,  thick, 
and  opaque,  but  it  speedily  dries  again,  and  recovers  its  usual  characters. 

Development  and  growth  of  Epidermis. — In  the  earliest  condition  of  the 
embryo  there  is  a special  layer  of  cells,  derived  from  the  primitive  embryonic 
cells,  set  aside  for  the  production  of  the  epidermis  ; and  it  is  quite  conceivable, 
and  by  some  histologists  considered  most  probable,  that  the  subsequent  generations 
of  epidermic  and  epithelial  cells  by  which  the  tissue  is  throughout  life  maintained, 
are  derived  by  unbroken  descent  from  the  original  embryonic  stratum.  At  the 
same  time,  the  reproduction  of  epidermis  in  cicatrices  after  -wide  and  deep  de- 
struction of  the  subjacent  skin,  implies  some  other  source  of  new  cells ; unless 
indeed  it  be  supposed  that  the  new  cuticle  grows  exclusively  from  the  old  at  the 
circumference  of  the  sore.  Setting  aside  this  supposition,  we  might  conceive  the  new 
cells  to  come  from  the  connective  tissue  corpuscles,  or  at  least,  from  migratory  cells 
of  the  granulating  surface  of  the  new-growing  skin  ; and  such  a mode  of  reproduc- 
tion of  epidermis  has  been  described  as  actually  observed  ; moreover,  it  may  be 
•questioned  whether,  in  certain  situations,  this  may  not  be  the  regular  process  by 
which  the  growth  of  epithelium  is  maintained  : the  readiness,  however,  with 
which  a previously  obstinate  ulcer  will  often  become  covered  with  epidermis  if 
one  or  two  small  portions  of  that  tissue  are  transplanted  to  its  surface  from  some 
other  part,  would  indicate,  on  the  other  hand,  that  the  presence  of  some 
epithelial  cells  at  least  is  necessary  to  set  up  the  growth. 

When  the  lowermost  cells  are  elongated  and  vertical,  it  is  difficult  to  conceive 
that  they  rise  up  as  such,  and  take  their  place  in  the  upper  strata  ; for  the  cells 
next  above  them  are  spheroidal  in  shape  and  may  be  smaller  in  size.  It  seems 
more  likely  that  they  divide  into  or  produce  the  smaller  cells.  It  might  be 
supposed  that  an  oblong  vertical  cell,  by  division  of  its  nucleus  and  separation  of 
the  upper  portion  of  the  cell-body,  produces  a new  and  smaller  cell,  which  rises 
up,  while  the  parent  cell  maintains  its  place,  and  lengthens  out  again  for  a 
repetition  of  the  process. 


CORIUM. 

The  true  skin,  cutis  vera,  derma,  or  corium,  is  a sentient  and 
vascular  texture.  It  is  covered  and  defended,  as  already  explained  by 
the  non-vascular  cuticle,  and  is  attached  to  the  parts  beneath  by  a 
layer  of  areolar  tissue,  named  “ subcutaneous,”  which,  excepting  in  a 
; few  parts,  contains  fat,  and  has  therefore  been  called  also  the  “ panni- 
culus  adiposus  ” (fig.  155,  d ).  The  connection  is  in  many  parts  loose 
and  movable,  in  others  close  and  firm,  as  on  the  palmar  surface  of  the 
hand  and  the  sole  of  the  foot,  where  the  skin  is  fixed  to  the  subjacent 
fascia  by  numerous  stout  fibrous  bands,  the  space  between  being  filled 
with  a firm  padding  of  fat.  In  some  regions  of  the  body  the  skin  is 
moved  by  striated  muscular  fibres,  which  may  be  unconnected  to  fixed 
paits  as  in  the  case  of  the  orbicular  musole  of  the  mouth,  or  may  be 
attached  beneath  to  bones  or  fasciae,  like  the  other  cutaneous  muscles 
ot  the  face  and  neck,  and  the  short  palmar  muscle  of  the  hand. 

Structure.  The  corium  is  made  up  of  an  exceedingly  strong  and 
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tough  framework  of  interlaced  connective  tissue  fibres,  with  blood- 
vessels and  lymphatics.  The  fibres  are  chiefly  of  the  white  variety,  such 
as  constitute  the  chief  part  of  the  fibrous  and  areolar  tissues,  and  are 
arranged  in  stout  interlacing  bundles,  except  at  and  near  the  surface, 
where  the  texture  of  the  corium  becomes  very  fine.*  With  these  are 
mixed  yellow  or  elastic  fibres,  which  vary  in  amount  in  different  parts, 
but  in  all  cases  are  present  in  smaller  proportion  than  the  former  kind; 
also  connective  tissue  corpuscles,  fusiform  or  ramified,  and  for  the  most 
part  reticularly  anastomosing.  The  interlacement  becomes  much 
closer  and  finer  towards  the  free  surface  of  the  corium,  and  there  the 
fibres  can  be  discovered  only  by  teasing  out  the  tissue,  which  often 
acquires  an  almost  homogeneous  aspect.  Towards  the  attached  surface, 
on  the  other  hand,  the  texture  becomes  much  more  open,  with  larger 
and  larger  meshes,  in  which  lumps  of  fat  and  the  small  sudatory  glands 
are  lodged  ; and  thus  the  fibrous  part  of  the  skin,  becoming  more  and 
more  lax  and  more  mixed  with  fat,  blends  gradually  with  the  subcu- 
taneous areolar  tissue,  to  which  it  is  allied  in  elementary  constitution. 
Bundles  of  plain  muscular  tissue  are  distributed  in  the  substance  of  the 
corium  wherever  hairs  occur  ; and  their  connection  with  the  latter  will 
be  afterwards  explained.  Muscular  bundles  of  the  same  kind  are  found 
in  the  subcutaneous  tissue  of  the  scrotum,  penis,  perineum,  and  areola 
of  the  nipple,  as  well  as  in  the  nipple  itself.  They  join  to  form  reticular 
superimposed  layers,  which  are  separated  from  the  parts  beneath  by 
a stratum  of  simple  lax  areolar  tissue,  but  towards  the  surface  they 
are  immediately  applied  to  the  corium.  In  the  areola  they  are  disposed 
circularly. 

In  consequence  of  this  gradual  transition  of  the  corium  into  the  sub- 
jacent tissue,  its  thickness  cannot  be  assigned  with  perfect  precision. 
It  is  generally  said  to  measure  from  a quarter  of  a line  or  less  to  nearly 
a line  and  a half.  As  a general  rule,  it  is  thicker  on  the  posterior 
aspect  of  the  head,  neck,  and  trunk,  than  in  front  ; and  thicker  on  the 
outer  than  on  the  inner  side  of  the  limbs.  The  corium,  as  well  as  the 
cuticle,  is  remarkably  thick  on  the  soles  of  the  feet  and  palms  of  the 
hands.  The  skin  of  the  female  is  thinner  than  that  of  the  male. 

For  convenience  of  description  it  is  not  unusual  to  speak  of  the 
corium  as  consisting  of  two  layers,  the  “ reticular  ” and  the  “.papillary.  * 
The  former,  the  more  deeply  seated,  takes  no  part  in  the  construction  of 
the  papillae,  but  contains  in  its  meshes  hair  follicles,  cutaneous  glands, 
and  fat.  The  latter  is  divided  into  papillae,  and  receives  only  the  upper 
portion  of  the  hair-follicles  and  glands,  together  with  the  terminal  ex- 
pansion of  the  vessels  and  nerves.  _ 

The  free  surface  of  the  corium  is  marked  in  various  places  with  larger 
or  smaller  furrows,  which  also  affect  the  superjacent  cuticle.  The 
larger  of  them  are  seen  opposite  the  flexures  of  the  joints,  as  those  so 
well  known  in  the  palm  of  the  hand  and  at  the  joints  of  the  fingers. 
The  finer  furrows  intersect  each  other  at  various  angles,  and  may  be 
seen  almost  all  over  the  surface ; they  are  very  conspicuous  on  the  back 
of  the  hands.  These  furrows  are  not  merely  the  consequence  of  the 
frequent  folding  of  the  skin  by  the  action  of  muscles  or  the  bending  ot 
joints,  for  they  exist  in  the  foetus.  The  wrinkles  of  old  persons  are  ol 

* A membrana  propria,  or  basement-membrane,  is  sometimes  described  as  bounding  Urn 
corium  superficially,  like  that  found  in  the  mucous  membranes. 
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fliffpvpnl  nature  and  are  caused  by  the  wasting  of  the  soft  parts  which 
thelkta  oov  ’ Xe  curvilinear  ridges,  with  mtervenmg  furrows, 
“ark  the  skin  of  the  palm  and  sole  ■ these  are  caused  by  ranges  of  the 

Pa^apiM»  — is  bcset  wit\s?ali  *£ 
ncnees  thus  named,  which  seem  chiefly  intended  to  contribute  to  the 


JV.  141.— Papillje,  as  seen  with  a Microscope,  on  a portion  of  the  True  Skin, 

FROM  WHICH  THE  CUTICLE  HAS  BEEN  REMOVED  (after  BreSCliet). 


Fig.  142. — Compound  Papill.®  from  the  Palm  of  the  Hand,  magnified  60  Diameters. 

a,  basis  of  a papilla  ; b,  b,  divisions  or  branches  of  the  same  ; c,  c,  branches  belonging 
to  papillae  of  which  the  bases  are  hidden  from  view  (after  Kolliker). 

perfection  of  the  skin  as  an  organ  of  touch,  seeing  that,  they  are  highly 
developed  where  the  sense  of  touch  is  exquisite,  and  vice  versa,  They 
serve  also  to  extend  the  surface  for  the  production  of  the  cuticular 
tissue,  and  hence  are  large-sized  and  numerous  under  the  nail.  The 
papillae  are  large,  and  in  close  array  on  the  palm  and  palmar  surface  ot 
the  fingers,  and  on  the  corresponding  parts  of  the  foot  (fig.  142).  There 
they  are  ranged  in  lines  forming  the  curvilinear  ridges  seen  when  the 
skin  is  still  covered  with  its  thick  epidermis.  They  are  of  a conical 
figure,  rounded  or  blunt  at  the  top,  and  sometimes  cleft  into  two  or  more 
points,  when  they  are  named  compound  papillae.  They  are  received  into 
corresponding  pits  on  the  under  surface  of  the  cuticle.  In  structure 
they  resemble  the  superficial  layer  of  the  coriuin  generally,  and  consist 
of  a homogeneous  tissue,  presenting  only  faint  traces  of  fibrillation, 
together  with  a few  fine  elastic  fibres.  On  the  palm,  sole,  and  nipple, 
where  they  are  mostly  of  the  compound  variety,  they  measure  from 
to  two  °f  an  inch  in  height.  In  the  ridges,  the  larger  papillae  are 
placed  sometimes  in  single  but  more  commonly  in  double  rows,  with 
smaller  ones  between  them  (fig.  156),  that  is,  also  on  the  ridges,  for 
there  are  none  in  the  intervening  grooves.  These  ridges  are  marked  at 
short  and  tolerably  regular  intervals  with  notches,  or  short  transverse 
furrows,  in  each  of  which,  about  its  middle,  is  the  minute  funnel-shaped 
orifice  of  the  duct  of  a sweat-gland  (fig.  143).  In  other  parts  of  the 
skin  endowed  with  less  sensibility,  the  papilke  are  smaller,  shorter, 
fewer  in  number,  and  irregularly  scattered.  On  the  face  they  are 
reduced  to  from  to  ^ of  an  inch  ; and  here  they  at  parts 

disappear  altogether,  or  are  replaced  by  slightly  elevated  reticular 
ridges.  In  parts  where  they  are  naturally  small,  they  often  become 
enlarged  by  chronic  inflammation  round  the  margin  of  sores  and  ulcers 
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of  long  standing,  and  arc  then  much  more  conspicuous.  Fine  blood- 
vessels enter  most  of  the  papillae,  forming  either  simple  capillary  loops 

in  each,  or  dividing  into  two  or  more  capil- 
lary branches,  according  to  the  size  of  the 
papilla  and  its  simple  or  composite  form,  which 
turn  round  in  form  of  loops  and  return  to  the 
veins.  Other  papillae  receive  nerves,  to  be 
presently  noticed. 

Blood-vessels  and  lymphatics. — The  blood- 
vessels divide  into  branches  in  the  subcutaneous 
tissue,  and,  as  they  enter  the  skin,  supply  capil- 
lary plexuses  to  the  fat-clusters,  sweat-glands, 
and  hair-follicles.  They  divide  and  anastomose 
still  further  as  they  approach  the  surface,  and 
at  length,  on  reaching  it,  form  a dense  network 
of  capillaries,  with  rounded  polygonal  meshes. 
Fine  branches  are  seen  in  the  papillae,  as 
already  mentioned.  The  lymphatics  are  abundant 
and  large  in  some  parts  of  the  skin,  as  on  the 
scrotum  and  round  the  nipple;  whether  they 
are  equally  so  in  all  parts  may  be  doubted. 
They  form  networks,  which  become  finer  as  they 
approach  the  surface,  and  communicate  under- 
neath with  straight  vessels,  and  these,  after  a 
longer  or  a shorter  course,  join  larger  ones  or 
enter  lymphatic  glands.  The  finest  and  most 
superficial  network,  although  close  to  the  surface 
of  the  corium,  is  beneath  the  net  of  superficial 
blood-capillaries  ; in  certain  parts  on  the  palm  and  sole,  lymphatics 
pass  into  the  papillae,  but  do  not  reach  their  summits.  Besides  these 
plexuses,  other  lymphatics  accompany  the  blood-vessels  to  which 
they  are  applied,  two  passing  commonly  to  each,  and  joining  and  anas- 
tomosing over  the  vessel. 

Nerves. — Nerves  are  supplied  in  very  different  proportions  to 
different  regions  of  the  skin,  and  according  to  the  degree  of  sensibility. 
They  pass  upwards  towards  the  papillary  surface,  where  they  form 
plexuses,  of  which  the  meshes  become  closer  as  they  approach  the  sur- 
face, and  the  constituent  branches  finer.  From  the  most  superficial  plexus 
which  lies  immediately  under  the  epithelium,  delicate  non-medullated 
fibrils  have  been  traced  passing  upwards  amongst  the  cells  of  the  Malpi- 
ghian layer  of  the  cuticle,  where  they  end,  according  to  some  accounts,  in 
slightly  bulbous  free  extremities  ; according  to  others,  in  a plexus  of 
excessively  fine  fibrils.  A large  share  of  the  cutaneous  nerves  is  distri- 
buted to  the  hair-follicles,  whilst  some  end  in  special  terminal  organs, 
namely,  end-bulbs,  tactile  corpuscles,  and  Pacinian  bodies.  The  last- 
named  bodies  are  seated  in  the  subcutaneous  tissue.  End-bulbs  are 
found  on  the  glans  penis  and  glans  clitoridis,  and  in  some  of  the  papilias 
on  the  red  border  of  the  lips.  The  tactile  corpuscles  of  the  skin  are 
more  numerous;  they  are  found  in  certain  papillae  of  the  palm  and 
sole,  more  sparingly  in  those  of  the  back  of  the  hand  and  foot,  the 
palmar  surface  of  the  fore-arm,  and  the  nipple.  Such  papillae  commonly 
contain  no  blood-vessels,  and  are  named  “tactile,”  (fig.  144,  b),  as  dis- 
tinguished from  the  “ vascular  ” papillae  (a).  Sometimes,  however,  a 


Fig.  143. 


Fig.  143.  — Magnified 
View  of  four  of  the 
Ridges  of  the  Epider- 
mis, CAUSED  BY  ROWS  OF 
Papillje  beneath,  with 
SHORT  F URROWS  OR 

Notches  across  them  : 
also  the  Openings 
of  the  Sudoriferous 
Ducts  (after  Brescliet). 


STRUCTURE  OF  THE  HAILS. 

tactile  and  a vascular  papilla  may  spring  from  the  same  stem 

Fig.  144. 
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Fig.  144. — Section  op  Skin  showing  two  Papillje  and  deeper  Layers  of  Epidermis. 

(Biesiadecki. ) 

a,  Vascular  papilla  with  capillary  loop  passing  from  subjacent  vessel  c ; l,  nerve  papilla 
with  tactile  corpuscle,  t.  The  latter  exhibits  transverse  fibrous  markings  : three  nerve- 
fibres,  d,  are  represented  as  passing  up  to  it  : at  f f these  are  seen  in  optical  section. 

structure  of  these  different  terminal  corpuscles  has  been  already  described 
(pages  147  to  153). 

Chemical  composition.— The  corium  being-  composed  chiefly  of  white  fibrous 
tissue,  has  a corresponding  chemical  composition.  It  is,  accordingly,  in  a great 
measure,  resolved  into  gelatin  by  boiling,  and  hence,  also,  its  conversion  into 
leather  by  the  tanning  process. 

Development  of  the  cutis. — The  cutis  consists  at  first  of  cells  which  may  be 
traced  back  to  the  first  formative  cells  of  the  embryo.  Many  of  them  give  rise 
to  connective  tissue  ; others  to  vessels  and  nerves  ; and  a third  portion  is  con- 
verted into  fat-cells.  The  mode  of  formation  of  these  several  elementary  tissues 
has  been  already  described.  Progressive  development  takes  place  from  within 
outwards,  so  that  the  papilla!  are  formed  latest. 

NAILS  AND  HAIRS. 

The  nails  and  hairs  are  growths  of  the  epidermis,  agreeing  essentially 
in  nature  with  that  membrane ; their  epidermic  tissue  is  destitute  of 
vessels  and  nerves,  and  separable  from  the  cutis. 

Nails.— The  posterior  part  of  the  nail  which  is  concealed  in  a groove 
of  the  skin  is  named  its  “ root,”  the  uncovered  part  is  the  “ body,”  which 
terminates  in  front  by  the  “ free  edge.”  A small  portion  of  the  nail 
near  the  root,  named  from  its  shape  the  lunula,  is  whiter  than  the  rest. 
1 Ins  appearance  is  due  partly  to  some  degree  of  opacity  of  the  substance 
of  the  nail  at  this  point,  and  partly  to  the  skin  beneath  being  less  vas- 
cular than  in  front. 
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Fig.  145. 


The  part  of  the  corium  to  which  the  nail  is  attached,  and  by  which 
in  fact  it  is  secreted  or  generated,  is  named  the  matrix.  This  portion  of 
the  skin  is  highly  vascular  and  thickly  covered  with  large  vascular 
papillai.  Posteriorly  the  matrix  forms  a crescentic  groove  or  fold,  deep 
in  the  middle  but  getting  shallower  at  the  sides,  which  lodges  the  root 
of  the  nail ; the  rest  of  the  matrix,  before  the  groove,  is  usually  named 
the  heel  of  the  nail.  The  small  lighter  coloured  part  of  the  matrix  next 
the  groove  and  corresponding  with  the  lunula  of  the  nail,  is  covered 
with  papillae  having  no  regular  arrangement,  but  the  whole  remaining 
surface  of  the  matrix  situated  in  front  of  this,  and  supporting  the  body 
of  the  nail,  is  marked  with  longitudinal  and  very  slightly  diverging 
ridges  cleft  at  their  summits  into  rows  of  papillae.  These  ridges,  or 
laminin,  as  they  are  sometimes,  and  perhaps  more  suitably,  named,  fit 
.into  corresponding  furrows  on  the  under  surface  of  the  nail.  The 
cuticle,  advancing  from  the  back  of  the  finger,  becomes  attached  to  the 
upper  surface  of  the  nail  near  its  posterior  edge,  that  is,  all  round  the 
margin  of  the  groove  in  which  the  nail  is  lodged  ; in  front  the  cuticle 
of  the  point  of  the  finger  becomes  continuous  with  the  under  surface  of 
the  nail  a little  way  behind  its  free  edge. 

The  nail,  like  the  cuticle, 
is  made  up  of  epithelial 
cells.  The  oldest  and  most 
superficial  of  these  are  the 
broadest  and  hardest,  but 
at  the  same  time  very  thin 
and  irregular,  and  so  inti- 
mately and  confusedly  con- 
nected together  that  their 
respective  limits  are  scarcely 
discernible.  They  form  the 
exterior,  horny  part  of  the 
nail,  and  cohere  together  in 
irregular  layers,  so  as  to 
give  this  part  a lamellar 
structure.  On  the  other 
hand,  the  youngest  cells, 
which  are  those  situated 
at  the  root  and  under  sur- 
face, are  softer  and  of  a 
rounded  or  polygonal  shape. 
The  deepest  layer  differs 
somewhat  from  the  others, 
in  having  its  cells  elon- 
gated, and  arranged  per- 
pendicularly, as  in  the  case 
of  the  epidermis.  Thus  the 
under  part  of  the  nail  (fig- 
145,  B)  corresponds  ip 
nature  with  the  Malpi- 
ghian or  mucous  layer  of 
As  in  the 


a. 


Fig.  145. — Vertical  Transverse  Section  through 

A SMALL  PORTION  OE  THE  NAIL  AND  MATRIX, 

HIGHLY  MAGNIFIED  (Kolliker). 

A,  corium  of  the  nail-bed,  raised  into  ridges  or 
laminae,  a,  fitting  in  between  corresponding  laminae, 
b,  of  the  nail ; B,  Malpighian,  and  C,  horny  layer  ; 
cl,  deepest  and  vertical  cells  ; e,  upper  flattened  cells 
of  Malpighian  layer. 


the  epidermis,  and  the  upper  part  (c)  with  the  horny  layer, 
case  of  the  epidermis,  the  hardened  scales  may  be  made,  to  reassum 
their  cellular  character  by  treatment  with  caustic  alkali,  and  a e 
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Development  of  the  nails.— In  tlie  third  month  of  intra-uterine  life  the  part 
of  the  embryonic  corium  which  becomes  the  matrix  of  the  nail  is  marked  off  by 
the  commencing  curvilinear  groove,  which  limits  it  posteriorly  and  laterally. 
The  epidermis  on  the  matrix  then  begins  to  assume,  in  its  under  part,  the  cha- 
racters of  a nail,  which  might,  therefore,  be  said  to  be  at  first  covered  over  by 
the  embryonic  cuticle.  After  the  end  of  the  fifth  month  it  becomes  free  at  the 
anterior  border,  and  in  the  seventh  month  decidedly  begins  and  thenceforth  con- 
tinues to  grow  in  length.  At  birth  the  free  end  is  long  and  thin,  being  mani- 
festly the  earlier  formed  part  which  has  been  pushed  forward.  This  breaks  or 
is  pared  off  after  birth,  and,  as  t>e  infantile  nail  continues  to  grow,  its  flattened 
cells,  at  first  easily  separable,  become  harder  and  more  coherent,  as  in  after-life. 

Rate  of  growth. — The  average  rate  of  growth  of  the  nails  is  about  — of 
an  inch  per  week  (Benham).  Berthold  found  that  the  nails  grow  rather  faster 
in  summer  than  in  winter,  and  faster  in  the  right  hand  than  in  the  left.  He 
also  observed  a difference  in  the  nails  of  different  fingers  : thus  it  was  fastest  in 
the  middle  finger  and  slowest  in  the  thumb.  A careful  series  of  experiments  by 
Mr.  H.  J.  Benham,  hitherto  unpublished,  confirm  generally  the  observations  of 
Berthold,  but  no  clear  difference  could  be  observed  between  the  two  hands,  and 
the  growth  appeared  to  be  slowest  in  the  little  finger.  In  some  individuals  these 
differences  were  not  observed. 

Hairs. — A hair  consists  of  the  root,  which  is  fixed  in  the  skin,  the 
shaft  or  stem,  and  the  point.  The  stem  is  generally  cylindrical,  but 


Fig.  146.  A,  Surface  of  a White  Hair,  magnified  160  Diameters.  The  Waved 
Lines  mark  the  upper  or  free  edges  of  the  Cortical  Scales.  B,  Separated 
Scales,  magnified  350  Diameters  (after  Kolhker). 

often  more  or  less  flattened : when  the  hair  is  entire,  it  becomes  gra- 


Fig.  146. 
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dually  smaller  towards  the  point.  The  length  and  thickness  vary 
greatly  in  different  individuals  and  races  of  mankind  as  well  as  in 
different  regions  of  the  body.  Light-coloured  hair  is  usually  finer  than 

l)  Icicle. 

The  stem  is  covered  with  a coating  of  finely  imbricated  scales,  the 
upwardly  projecting  edges  of  which  give  rise  to  a series  of  fine  waved 
transverse  lines,  which  may  be  seen  with  the  microscope  on  the  surface 
of  the  hair  (fig.  14G,  a).  Within  this  scaly  covering,  by  some  called 
the  hair -cuticle,  is  a fibrous  substance  which  in  all  cases  constitutes 
the  chief  part  and  often  the  whole  of  the  stem  ; but  in  many  hairs  the 
axis  is  occupied  by  a substance  of  a different  nature,  called  the  medulla 
or  pith,  for  which  reason  the  surrounding  fibrous  part  is  often  named 
“ cortical,”  although  this  term  is  more  properly  applied  to  the  super- 
ficial coating  of  scales  above  mentioned.  The  fibrous  substance  is 
translucent,  with  short  longitudinal  opaque  streaks  of  darker  colour 
intermixed.  It  may  be  broken  up  into  straight,  rigid,  longitudinal 
fibres,  which,  when  separated,  are  found  to  be  flattened,  broad  in  the 
middle  and  pointed  at  each  end,  with  dark  and  rough  edges.  The 
fibres  may  be  resolved  into  flattened  cells  of  a fusiform  outline ; these 
are  mostly  transparent,  or  marked  with  only  a few  dark  specks.  The 
colour  of  the  fibrous  substance  is  caused  by  oblong  patches  of  pigment- 
granules,  and  generally  diffused  colouring  matter  of  less  intensity. 
Very  slender  elongated  nuclei  are  also  discovered  by  means  of  reagents, 
whilst  specks  or  marks  of  another  description  in  the  fibrous  substance 
are  occasioned  by  minute  irregularly  shaped  cavities  containing  air. 
These  air-lacunules  are  abundant  in  white  hairs,  and  in  very  dark  hairs 
may  be  altogether  wanting ; they  are  best  seen  too  in  the  former,  in 
which  there  is  no  risk  of  deception  from  pigment-specks.  Viewed  by 
transmitted  light  they  are  dark,  but  brilliantly  white  by  reflected  light. 
When  a white  hair  has  been  boiled  in  water,  ether,  or  oil  of  turpentine, 
these  cavities  become  filled  with  fluid,  and  are  then  quite  pellucid; 
but  when  a hair  which  has  been  thus  treated  is  dried,  the  air  quickly 
finds  its  way  again  into  the  lacunae,  and  they  resume  their  original  aspect. 

The  medulla  or  pith,  as  already  remarked,  does  not  exist  in  all  hairs. 
It  is  wanting  in  the  fine  hairs  over  the  general  surface  of  the  bod}',  and 
is  not  commonly  met  with  in  those  of  the  head ; nor  in  the  hairs  of 
children  under  five  years.  When  present  it  occupies  the  centre  of  the 
shaft  and  ceases  towards  the  point.  It  is  more  opaque  and  deep- 
coloured  than  the  fibrous  part ; in  the  white  hairs  of  quadrupeds  it  is 
white,  but  opaque  and  dark  when  seen  by  transmitted  light.  It  seems 
to  be  composed  of  little  clusters  of  cells,  differing  in  shape,  but  gene- 
rally angular,  and  containing  minute  particles,  some  resembling  pigment- 
granules,  and  others  like  very  fine  fat  granules,  but  really  for  the  most 
part  air  particles,  apparently  included  in  some  solidified  tenacious  sub- 
stance. The  whole  forms  a continuous  dark  mass  along  the  middle  of 
the  stem,  interrupted  at  parts  for  a greater  or  less  extent.  In  the  latter 
case,  the  axis  of  the  stem  at  the  interruptions  may  be  fibrous  like  the 
surrounding  parts,  or  these  intervals  may  be  occupied  by  a clear  colour- 
less matter;  and,  according  to  Henle,  some  hairs  present  the  appear- 
ance of  a sort  of  canal  running  along  the  axis  and  filled  in  certain  parts 
with  opaque  granular  matter,  and  in  others  with  a homogeneous  trans- 
parent substance. 

The  root  of  the  hair  is  lighter  in  colour  and  softer  than  the  stem  ; 
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it  swells  out  at  its  lower  end  into  a bulbous  enlargement  or  knob 
(fif  147  c)  and  is  received  into  a recess  of  the  skin  named  the  hair- 
foUicle,  which,  when  the  hair  is  of  considerable  size,  reaches  down 

into  the  subcutaneous  fat.  , 

The  follicle  which  receives  near  its  mouth  the  opening  ducts  of  one 
or  more  sebaceous  glands  (7c,  lc),  is  somewhat  dilated  at  the  bottom,  to 
correspond  with  the  bulging  of  the  root;  it  consists  of  an  outer  coat 
continuous  with  the  corium  (fig.  147,  h ; 148,  d,  d),  and  an  epidermic 


Fig.  147- 


Fig.  14S. 


Fig.  147. — Medium-sized  Hair 
in  its  Follicle,  magnified 
50  Diameters  from  (Kolliker). 

a,  stem  cut  short  ; b,  root ; c, 
knob  ; d,  liair-cuticle  ; e,  internal 
and  /,  external  root-slieath  ; g,  h, 
dermic  coat  of  follicle  ; i,  papilla  ; 
k,  k,  ducts  of  sebaceous  glands  ; l, 
corium  ; m,  mucous  layer,  and  n, 
horny  layer  of  epidermis  ; o,  upper 
limit  of  internal  root-sheath  (from 
Kolliker). 


a stem  or  shaft  of  hair  cut  across  ; b,  inner, 
and  c,  outer  layer  of  the  epidermic  lining  of  the 
hair-follicle,  called  also  the  inner  and  outer  root- 
sheath  ; d,  dermic  or  external  coat  of  the  hair- 
follicle,  shown  in  part  ; e,  imbricated  scales  about 
to  form  a cortical  layer  on  the  surface  of  the  hair. 
The  adjacent  cuticle  of  the  root-sheath  is  not  repre- 
sented, and  the  papilla  is  hidden  in  the  lower 
part  of  the  knob  where  that  is  represented  lighter. 


lining  (fig.  147,  e,  f ; 148,  l,  c ),  con- 
tinuous with  the  cuticle. 

The  outer  or  dermic  coat  of  the  fol- 
licle (fig.  149,  1 in  tranvsverse  section) 
is  thin  but  firm,  and  consists  of  three 
layers.  The  most  external  (fig.  149,  a) 
is  formed  of  connective  tissue  in  longi- 


tudinal bundles,  without  any  elastic 
fibres,  but  with  numerous  corpuscles. 
It  is  highly  vascular,  and  provided  with  nerves.  It  is  intimately  con- 
nected above  with  the  corium,  and  determines  the  form  of  the  follicle. 
The  most  internal  layer  (hyaline  layer,  Kolliker)  (fig.  149,  d)  is  a 


Fig.  14S. — Magnified  View  of  the  Root  of 
a Hair  (after  Kohlrausch). 
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transparent  homogeneous  membrane,  marked  transversely  on  its  inner 
surface  with  some  raised  lines,  and  not  reaching  so  high  as  the  mouth 
of  the  follicle  ; it  corresponds  with  the  membrana  propria  or  basement 
membrane  of  analogous  structures,  and,  like  that,  probably  consists  of 
flattened  cells.  Between  the  two  is  a layer  extending  from  the  bottom 
of  the  follicle  as  high  as  the  entrance  of  the  sebaceous  glands,  com- 
posed of  an  indistinctly  fibrous  matrix,  tearing  transversely,  and  of 
transversely  disposed  connective  tissue  corpuscles,  with  oblong  nuclei, 
(fig.  149,  c).  This  layer,  which  seems  to  be  a form  of  connective 
tissue,  receives  capillary  blood-vessels. 

The  epidermic  coat  (fig.  149,  2)  of  the  follicle  adheres  closely  to  the 
root  of  the  hair,  and  commonly  separates,  in  great  part,  from  the  follicle 
and  abides  by  the  hair  when  the  latter  is  pulled  out ; hence  it  is  some- 
times named  the  “ root-sheath.”  It  consists  of  an  outer,  softer,  and 
more  opaque  stratum  (fig.  148,  c,  c ; 149,  e),  next  to  the  dermic  coat  of 
the  follicle,  and  an  internal  more  transparent  layer  (fig.  148,  b,  b ; 149, 
f g')  next  to  the  hair.  The  former,  named  also  the  outer  root-sheath,  and 

by  much  the  thicker  of  the  two,  corre- 
sponds with  the  mucous  or  Malpighian 
layer  of  the  epidermis  in  general,  and 
contains  soft  growing  cells,  including 
pigment  granules  in  the  coloured  races, 
which  at  the  lower  part  form  a much 
thinner  stratum  and  pass  continuously  into 
those  of  the  hair-knob  ; the  internal  layer 
or  inner  root-sheath,  represents  the  super- 
ficial or  horny  layer  of  the  epidermis  ac- 
cording to  some  authorities  ; but  others 
maintain  that  it  is  not  continuous  with 
that  part  of  the  skin,  but  ceases  abruptly 
a little  below  the  orifices  of  the  sebaceous 
ducts.  Lining  the  root-sheath  internally 
is  a layer  of  imbricated  downwardly  pro- 
jecting scales,  the  cuticle  of  the  root-sheath 
(fig.  149,  h),  which  is  applied  to  the 
cortical  scaly  cuticle  of  the  hair  proper, 
to  whose  upwardly  directed  scales  it  fits  like 
a mould.  Its  scales,  as  well  as  those  of  the 
hair-cuticle,  pass,  at  the  bottom  of  the  fol- 
licle, into  the  round  cells  of  the  hair-knob. 
The  inner  root-sheath  itself  consists  of  two 
layers,  which  towards  the  bottom  of  the  fol- 
licle become  blended  into  one  (fig.  149, /y). 
The  innermost  (that  next  the  cuticula)  is 
known  as  Huxley's  layer ; it  consists  of 
flattened  polygonal  nucleated  cells,  two  or 
even  three  deep.  The  outermost  is  com- 
posed of  oblong,  somewhat  flattened  cells 
without  nuclei,  in  which  fissures  and  holes 
are  liable  to  occur  from  accidental  laceration,  so  as  to  give  it  the  aspect 
of  a perforated  or  fenestrated  membrane.  At  the  lower  part  both  layers 
pass  into  a single  layer  of  large  polygonal  nucleated  cells  without  open- 
ings between  them. 


Fig.  149. 


Fig.  149. — Section  of  Haie 
Follicle  (Biesiadecki). 

1,  Dermic  coat  of  follicle  ; 2, 
epidermic  coat  or  root-sheath  ; a, 
Outer  layer  of  dermic  coat,  with 
blood-vessels,  b,  b,  cut  across  ; c, 
middle  layer  ; cL,  inner  or  hyaline 
layer  ; e,  outer  root-sheath  ; f,  g, 
inner  root-sheath  ; li,  cuticle  of 
root-sheath  ; l,  hair. 


223 
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TLp  soft-  lmlbous  enlargement  of  the  root  of  the  hair  is  attached 
by  its  base ’to  the  bottom  of  the  follicle  and  at  the  circumference  of 
this  attached  part  it  is  continuous  with  the  epidermic  imng.  At 
the  bottom  of  the  follicle  it,  in  fact,  takes  the  place  of  the  epidermis, 
of  which  it  is  a growth  or  extension,  and  this  part  of  the  follicle  is  the 
true  matrix  of  the  hair,  being  in  reality  a part  of  the  corium 
(thomdi  sunk  below  the  general  surface),  which  supplies  material  lor 


Fi".  150. — Section  of  the  Skin  of  the  Head,  with  two  Hair  Follicles,  slightly 

Magnified  (Kiilliker). 

a,  epidermis  ; 5,  corium  ; c,  muscles  of  the  hair-follicles. 

Fig.  151. — Hair  Rudiment  from  an  Embryo  of  Six  Weeks,  magnified  350  Diameters 

(Kolliker). 

a,  horny,  and  b,  mucous  or  Malpighian  layer  of  cuticle  ; !,  limitary  membrane  ; m,  cells, 
some  of  which  are  assuming  an  oblong  figure,  which  chiefly  form  the  future  hair. 


the  production  of  the  hair.  From  the  bottom  of  this  follicle  rises  a 
small  vascular  papilla,  usually  of  a conical  form,  which  fits  into  a 
corresponding  excavation  of  the  hair-knob  ; in  the  large  tactile  hairs 
on  the  snout  of  the  seal  and  some  other  animals  it  is  very  conspicuous. 
As  the  follicle,  in  short,  is  a recess  of  the  corium,  so  the  hair-papilla 
is  a cutaneous  papilla  rising  up  in  the  bottom  of  it.  The  papilla  is 
sometimes  of  an  ovoid  shape,  and  attached  to  the  bottom  of  the  follicle 
by  a narrow  base,  or  a sort  of  pedicle  (fig.  147,  i).  Nervous  branches 
enter  the  hair-follicles,  but  their  final  distribution  is  obscure.  In  the 
tactile  hairs  of  animals,  they  are  described  as  passing  upwards  over 
the  outer  root-sheath,  losing  their  white  substance  and  forming  a close 
plexus  with  vertical  meshes  and  numerous  nuclei ; finally  terminating 
in  an  annular  expansion,  which  encircles  the  hair  just  below  the  orifices 
of  the  sebaceous  glands,  and  is  in  immediate  connection  with  the  hyaline 
layer  of  the  follicle.  In  the  larger  tactile  hairs  the  bulb  is  surrounded 
by  cavernous  tissue,  which  lies  between  the  outer  and  middle  layers  of 
the  dermic  coat.* 

Slender  bundles  of  plain  muscular  tissue  are  connected  with  the  hair- 
follicles  (fig.  150).  They  arise  from  the  most  superficial  part  of  the 
corium,  and  pass  down  obliquely  to  be  inserted  into  the  outside  of  the 
follicle  below  _ the  sebaceous  glands.  They  are  placed  on  the  side  to 
which  the  hair  slopes,  so  that  their  action  in  elevating  the  hair  is 
evident.  Some  anatomists  have  also  described  a layer  of  circularly  dis- 
posed muscular  cells  as  applied  immediately  to  the  outside  of  the  follicle. 

See  papers  by  Leydig,  Stieda,  Scbobl,  and  others. 
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Development  of  hair  in  the  foetus.— The  rudiments  of  the  hairs  may  be  dis- 
cerned at  the  end  of  the  third  or  beginning  of  the  fourth  month  of  intra-uterine 
life,  as  little  black  specks  beneath  the  cuticle.  They  at  first  appear  as  little  pits 
in  the  corium  (fig.  151),  filled  with  cells  of  precisely  the  same  nature  as  those  of 
the  Malpighian  or  mucous  layer  of  the  cuticle,  with  which  they  are  continuous ; 
so  it  might  correctly  be  said  that  the  hair-rudiments  are  formed  of  down-growths 
of  the  mucous  layer,  which  sink  into  the  corium.  A homogeneous  limiting 
membrane  next  appears  (v),  inclosing  the  collection  of  cells,  and  continuous 
above  with  a similar  simple  film  which  at  this  time  lies  between  the  cuticle  and 
the  corium  ; it  becomes  the  innermost  or  hyaline  layer  of  the  'dermic  coat  of 
the  follicle.  The  hair-rudiments  next  lengthen  and  swell  out  at  the  bottom,  so 
as  to  assume  a flask-shape  (fig.  152).  Cells  are  deposited  outside  the  limitary 
membrane,  which  eventually  give  rise  to  fibres,  corpuscles,  and  other  constituents 


Fig.  152. 

A B C 


Fi".  152. — A.  Rudiment  of  a Hair  of  the  Eyebrow,  magnified  50  Diameters 

(Kolliker). 

The  cells  form  an  internal  cone  indicating  the  position  of  the  future  hair,  a,  horny 
layer  of  cuticle;  b,  mucous  layer  ; c,  external  layer  of  root-sheath  ; i,  limitary  membrane  , 
h,  papilla. 

Hair-Rudiment  from  thr  Eyebrow,  with  the  Young  Hair  not  yet  risen 

THROUGH  THE  CUTICLE. 

e,  hair-knob  ; /,  stem,  and  rj,  point  of  the  hair  ; d,  internal  layer  of  the  root-sheath, 
still  inclosing  the  hair  ; n,  n,  commencing  sebaceous  follicles. 

C Hair-Follicle  from  the  Eyebrow  with  the  Hair  just  Protruded  ; the  Inner 

Layer  of  the  Root-Sheath  rises  to  the  Mouth  of  the  Hair-Folliolk. 


of  the  dermic  coat.  While  this  is  going  on  outside,  the  cells  within  the  follic  e 
undergo  changes.  Those  in  the  middle  lengthen  out  conformably  with  the  axis 
of  the  follicle,  and  give  rise  to  the  appearance  of  a short  conical  miniature  hair, 
faintly  distinguishable  by  difference  of  shade  from  the  surrounding  mass  o 
cells  which  are  also  slightly  elongated,  but  across  the  direction  of  the  foilic  • 
The  ’ papilla  (fig.  152,  h)  makes  its  appearance  at  the  swollen  root  ol 
little  hair;  and  the  residuary  cells  contained  within  the  rudimentary^fo  1 
form  the  root-sheath,  the  inner  layer  of  which,  or  inner  root-sheath,  lying 
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to  the  hah  (*.  152 

S:STZS;  A C.  J)  eitJ  dteecfly  or  after  fh,5 
slanting  up  for  some  way  between  the  mucous  and  homy  strata:  it  rs  often 
bent  like  a whip,  and  then  the  doubled  part  protrudes.  . 

The  first  hairs  produced  constitute  the  lanugo;  then-  eruption  takes  place 
about  the  fifth  month  of  intea-uterine  life,  but  part  of  them  are  shed  before 
birth,  and  are  found  floating  in  the  liquor  arnuri.  Kolliker  affinns  that  the 
infantile  h,.i,s  are  entirely  shed  and  renewed  wtthm  a few  months  after  birth  ; 
those  of  the  general  surface  first,  and  afterwards  the  hairs  of  the  eyelashes  and 
head,  which  he  finds  in  process  of  change  m infants  about  a year  old 

Regeneration. — The  new  hairs  are  generated  in  the  follicles  of  the  old  (figs.  153 
and  154).  An  increased  growth  of  cells  takes  place  in  the  soft  hair-knob,  and  m 


Fig.  153.  Fig-  154. 


Fig.  153. — Two  Eyelashes  of  an  Infant,  tolled  out  from  their  Follicles, 
magnified  20  Diameters  (Kolliker). 

A,  the  new  cell-growth  forming  a cone,  m,  in  the  interior  (as  in  fig.  152,  a).  In  E,  the 
cone  has  separated  into  the  new  hair,  /,  g,  and  its  inner  root-sheath,  b ; a,  outer,  and 
o,  inner  root-sheath  of  new  hair  ; c,  pit  for  papilla  ; d and  e,  the  knob  and  stem  of  old 
,ir  j f’  knob  ; 17,  stem  ; and  h , the  point  of  new  hair  ■ i,  sebaceous  glands  ; k,  k,  sweat- 
glands  here  opening  into  mouth  of  hair-follicle. 


Fig.  lo4.  Eyelash  of  an  Infant,  with  Young  Hair  come  forth,  magnified  20 

Diameters  (Kolliker). 

I,  epidermis  continuous  with  outer  root-sheatli ; other  letters  as  in  preceding  figures. 

the  adjoining  part  of  the  root-sheath  (the  outer  layer)  : the  growing  mass  pushes  up 
le  an  10 1,  and  detaches  it  from  its  generative  papilla.  The  newly-formed  mass 
o ce  s occupying  the  lower  part  of  the  follicle,  and  resting  on  the  papilla,  is 
giai  ua  y converted  into  a new  hair  with  its  root-sheath,  just  as  in  the  primitive 
process  o ormation  in  the  embryo  ; and  as  the  new  hair  lengthens  and  emerges 
10111  le  o ic  e,  t le  old  one,  separated  from  its  matrix  by  the  interposition  of  the 
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new  growth,  is  gradually  pushed  towards  the  opening,  and  at  last  falls  out.  its 
root-sheath  having  previously  undergone  partial  absorption.  When  a hah-  is 
pulled  out,  a new  one  grows  in  its  place,  provided  the  follicle  (from  which  the 
growth  proceeds)  remains  entire. 

Growth  of  hair. — On  the  surface  of  the  papilla  or  vascular  matrix,  at  the 
bottom  of  the  follicle,  there  is  a growth  of  nucleated  cells.  The  cells  for  the 
most  part  lengthen  out  and  unite  into  the  flattened  fibres  which  compose  the 
fibrous  part  of  the  hair,  and  certain  of  them,  previously  getting  filled  with  pig- 
ment, give  rise  to  the  coloured  streaks  and  patches  in  that  tissue  ; their  nuclei, 
at  first,  also  lengthen  in  the  same  manner,  but,  at  last,  partly  become  indistinct. 
The  cells  next  the  circumference  expand  into  the  scales  which  form  the  imbri- 
cated cuticular  layer.  The  medulla,  where  it  exists,  is  formed  by  the  cells  nearest 
the  centre  ; these  retain  their  primitive  figure  longer  than  the  rest ; they  become 
coherent,  and  then-  cavities  may  coalesce  by  destruction  of  their  mutually  adherent 
parietes,  whilst  collections  of  granular  particles  of  fat  or  pigment,  and  occa- 
sionally minute  air  globules  make  their  appearance  between  and  in  them  and 
around  their  nuclei,  forming  an  opaque  mass,  which  occupies  the  axis  of  the  hair. 

The  substance  of  the  hair,  of  epidermic  nature,  is,  like  the  epidermis  itself, 
quite  extr avascular,  but,  like  that  structure  also,  it  is  organised  and  subject  to 
internal  organic  changes.  Thus,  in  the  progress  of  its  growth,  the.  cells  change 
their  figure,  and  acquire  greater  consistency.  In  consequence  of  their  elongation, 
the  hail-,  bulbous  at  the  commencement,  becomes  reduced  in  diameter,  and  cylin- 
drical above.  But  it  cannot  be  said  to  what  precise  distance  from  the  root 
organic  changes  may  extend.  Some  have  imagined  that  the  hairs  are  slowly 
permeated  by  a fluid  from  the  root  to  the  point,  but  this  has  not  been  proved. 
The  sudden  change  of  the  colour  of  the  hair  from  dark  to  grey,  which  some- 
times happens,  has  never  been  satisfactorily  explained  : it  appears,  in  some 
instances  at  least,  to  be  due  to  the  development  of  air  between  and  among  the 
cells  composing  the  hair. 

Berthold  found  the  rate  of  growth  to  be  about  half-an-inch  per  month. 
This  was  in  the  hairs  of  the  head.  Erasmus  Wilson  states  that  in  the  beard 
the  rate  of  growth  is  g inch  per  week. 

Distribution  and  arrangement. — Hairs  are  found  on  all  parts  of  the  slnn 
except  the  palms  of  the  hands  and  soles  of  the  feet,  the  dorsal  surface  of  the 
third  phalanges  of  the  fingers  and  toes,  the  upper  eyelids,  the  glans,  and  the  inner 
surface  of  the  prepuce.  On  the  scalp  they  are  set  in  groups,  on  the  rest  of  the 
skin  for  the  most  part  singly.  Except  those  of  the  eyelashes,  which  are  im- 
planted perpendicularly  to  the  surface,  they  have  usually  a slanting  direction, 
which  is  wonderfully  constant  in  the  same  parts.  . 

Chemical  nature.— The  chemical  composition  of  hair  has  been  investigated 
principally  by  Yauquelin,  Scherer,  and  Van  Laer.  "When  treated  with  boiling 
alcohol  and  with  ether,  it  yields  a certain  amount  of  oily  fat,  which  is  red  or 
dark-coloured,  according  to  the  tint  of  the  hair.  The  animal  matter  of  the  hair 
thus  freed  from  fat,  is  supposed  to  consist  of  a substance  yielding  gelatine,  and  a 
protein  compound  containing  a large  proportion  of  sulphur.  It  is  insoluble  in 
water,  unless  by  long  boiling  under  pressure,  by  which  it  is  reduced  into  a viscid 
mass  It  readily  and  completely  dissolves  in  caustic  alkalies.  By  calcination,  hair 
yields  from  1 to  per  cent,  of  ash,  which  consists  of  the  following  ingredients 
—viz.,  peroxide  of  iron,  and  according  to  Vauquelin,  traces  of  manganese,  smea, 
chlorides  of  sodium  and  potassium,  sulphates  of  lime  and  magnesia,  and  phosp  a e 
of  lime.  With  the  exception  of  the  bones  and  teeth,  no  tissue  of  the  body  wi  - 
stands  decay  after  death  so  long  as  the  hair,  and  hence  it  is  often  found  preserve 
in  sepulchres,  when  nothing  else  remains  but  the  skeleton. 

GLANDS  OF  THE  SKIN. 

The  sudoriferous  glands  or  sweat-glands  (figs.  155  and 
These  are  seated  on  the  under  surface  of  the  corium,  and  at  variable 
depths  in  the  subcutaneous  adipose  tissue.  They  have  the  appearance 
of  small  round  reddish  bodies,  each  of  which,  when  examined  with  the 
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microscope,  is  found  to  consist  of  a fine  tube,  coiled  up  into  a ball 
(though  sometimes  forming  an  irregular  or  flattened  figure) ; from  which 
the  tube  is  continued,  as  the  duct  ol  the  gland,  upwards  through  the 


Pig.  155.  —Vertical  Section  of  the  Skin  and  Subcutaneous  Tissue,  from  end  of 
the  Thumb,  across  the  Ridges  and  Furrows,  magnified  20  Diameters  (Kolliker). 

a,  horny,  and  b,  raucous  layer  of  the  epidermis  ; c,  corium  ; d,  pannicidus  adiposus  ; 
■e,  papillae  on  the  ridges;  /,  fat-clusters  ; g,  sweat-glands;  7t,  sweat-ducts;  i,  their 
openings  on  the  surface. 

Fig.  156. — Magnified  View  of  a Sweat-Gland,  with  its  Duct  (Wagner). 

a,  the  gland  surrounded  by  fat-cells  ; b,  the  duct  passing  through  the  corium  ; c,  its 
continuation  through  the  lower,  and  d,  through  the  upper  part  of  the  epidermis. 


true  skin  and  cuticle,  and  opens  on  the  surface  by  a slightly  widened 
orifice.  The  duct,  as  it  passes  through  the  epidermis,  is  twisted  like  a 
coiksciew,  that  is,  in  parts  where  the  epidermis  is  sufficiently  thick  to 
give  room  for  this  ; lower  down  it  is  but  slightly  curved!  Sometimes 
tlie  duct  is  formed  of  two  coiled-up  branches  which  join  at  a short 
• !!2Ce  tr0in  tb ® gland’  as  haPPens  to  be  the  case  in  the  specimen  repre- 
Iwll  JS-  ,15?'  Th.e  tube’  both  in  tbe  gl““d  and  where  it  forms 
firm  mi  o „ ; 17  c.onsis*is  °f  an  investment  of  connective  tissue,  con- 

the  true  IlHr.  tbe,,c?num>  and  reaching  no  higher  than  the  surface  of 
i «iofirur  nf  ’ im  membrana  propria  and  an  epithelial  lining,  con- 
■nio'ment'i  onrl  olVm°re  str.ata  °f  cells  (often  containing  brownish 
; Wef  mrt tff  the  ePidermis,  which  alone  forms  the 

The  larger  gi^d-ducts  in  the  axilla,  at 

> hood  of  the  onus  ^le  bdfia  rnajora,  and  in  the  neighbour- 

, ontain  between  their  coats  a layer  of  non-striatecL 
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muscular  fibre-cells  arranged  longitudinally.  In  the  larger  glands,  more- 
over, the  duct  is  rarely  simple,  being  more  usually  parted  by 


Each  little  sweat-gland  is  sup- 
plied with  a dense  cluster  of  capillary  blood-vessels. 

The  contents  of  the  smaller  sweat-glands  are  fluid,  without  any  formed  elements  ; 
but  in  the  larger  sweat-glands  of  the  axilla  the  contents  are  semi-fluid,  and 
abound  in  fine  pale  granules  and  nuclei ; or  their  secretion  is  extremely  viscid, 
with  a varying  quantity  of  large,  opaque,  colourless,  or  yellow  granules,  with 
nuclei  and  cells,  similar  to  epithelium-cells  ; and  in  both  cases  it  may  also  con- 
tain fat. 

Distribution. — Sweat-glands  exist  in  all  regions  of  the  skin,  and  attempts  have 
been  made  to  determine  their  relative  amount  in  different  parts,  for  they  are  not 
equally  abundant  everywhere  ; but,  while  it  is  easy  to  count  then  numbers  in  a 
given  space  on  the  palm  and  sole,  the  numerical  proportion  assigned  to  them  in 
most  other  regions  must  be  taken  with  considerable  allowance.  According  to 
Krause,  nearly  2800  open  on  a square  inch  of  the  palm  of  the  hand,  and  somewhat 
fewer  on  an  equal  extent  of  the  sole  of  the  foot.  He  assigns  rather  more  than 
half  this  number  to  a square  inch  on  the  back  of  the  hand,  and  not  quite  so 
many  to  an  equal  portion  of  surface  on  the  forehead,  and  the  front  and  sides  of 
the  neck ; then  come  the  breast,  abdomen,  and  fore-arm,  where  he  reckons  about 
1100  to  the  inch,  and  lastly,  the  lower  limbs  and  the  back  part  of  the  neck  and 
trunk,  on  which  the  number  in  the  same  space  is  not  more  than  from  400  to  000. 

The  size  of  the  sweat-glands  also  vanes.  According  to  the  observer  last  named, 
the  average  diameter  of  the  round-shaped  ones  is  about  one-sixth  of  a line ; bu 
in  some  parts  they  are  larger  than  this — as,  for  example,  in  the  groin,  but 
especially  in  the  axilla.  In  this  last  situation  Krause  found  the  greater  numbei 
to  measure  from  one-third  of  a line  to  a line,  and  some  nearly  two  lines  m 

diameter.  _ , , 

The  development  of  the  sweat-glands  has  been  carefully  studied  by  Kolluvei. 
Then-  rudiments,  when  first  discoverable  in  the  embryo,  have  much  the  sam& 
appearance  as  those  of  the  hairs,  and,  in  like  manner,  consist  of  processes  of  t e 
mucous  layer  of  the  epidermis,  which  pass  down  and  are  received  into  corre- 
sponding recesses  of  the  corium.  They  are  formed  throughout  of  cells  collected  in 
a solid  mass  of  an  elongated  pyriform,  or  rather  club  shape,  continuous  by  its  sma 
end  with  the  soft  layer  of  the  cuticle,  and  elsewhere  surrounded  by  a hom  - 


Fig.  157. 


repeated  dichotomous  division 
into  several  branches,  which 
before  ending  give  off  short 
c fecal  processes  ; in  rare  cases 
the  branches  anastomose.  On 
carefully  detaching  the  cuticle 
from  the  true  skin,  after  its 
connection  has  been  loosened 
by  putrefaction,  it  usually 
happens  that  the  cuticular 
linings  of  the  sweat-ducts  get 
separated  from  their  interior 
to  a certain  depth,  and  are 
drawn  out  in  form  of  short 
threads  attached  to  the  under 
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o-eneous  limiting-  membrane,  which  is  prolonged  above  between  the  coiium 
nnd  cuticle.  The  subsequent  changes  consist  in  the  elongation  of  the  rudimentary 
gland,  the  formation  of  a cavity  along  its 
41. vis — at  first  without  an  outlet— -the  prolonga- 
tion of  its  canal  through  the  epidermis  to  open 
on  the  surface,  and,  in  the  meantime,  the  cod- 
ing up  of  the  gradually  lengthenmg  gland-tube 
into  a compact  ball,  and  the  twisting  o e 
excretory  duct  as  it  proceeds  to  the  orifice.  The 
original  homogeneous  membrane  of  the  duct 
becomes  thickened  and  is  continuous  with  the 
surface  of  the  corium,  whilst  an  epithelium 
appears  within,  consisting  of  several  layers  of 
polyhedral  or  rounded  cells. 

The  ceruminous  g*lcinds  in  the  auditory 
passage  consist  of  a tube  coiled  into  a 
ball,  like  the  sweat-glands ; and  Kolliker’s 
investigations  show  such  a furthei  corre- 
spondence between  the  two,  in  structure  and 
mode  of  development  as  to  lead  him  to  regard 
the  ceruminous  glands  as  a mere  local  variety 
of  the  sudoriferous,  which  present  specialities 
both  of  structure  and  secretion  in  particular- 
regions  of  the  body. 


The  sebaceous  glands  (fig.  158) 
pour  out  their  secretion  at  the  roots 
of  the  hairs,  for,  with  very  few  excep- 
tions, they  open  into  the  hair-follicles, 
and  are  found  wherever  there  are  hairs. 

Each  has  a small  duct,  which  opens  at 
a short  distance  within  the  mouth  of 
the  hair-follicle,  and  by  its  other  end, 
leads  to  a cluster  of  small  rounded 
secreting  saccules,  which  as  well  as  the 
duct  are  lined  by  epithelium,  and 
usually  charged  with  the  fatty  secretion, 
mixed  with  detached  epithelium-par- 
ticles. The  number  of  saccular  recesses 
connected  with  the  duct  usually  varies 
from  four  or  five  to  twenty  ; it  may 
be  reduced  to  two  or  three,  in  very 
small  glands,  or  even  to  one,  but  this 
is  rare.  These  glands  are  lodged  in  the 
substance  of  the  corium.  Several  may 

open  into  the  same  hair-follicle,  surrounding  it  on  all  sides,  and  their 
size  is  not  regulated  by  the  magnitude  of  the  hair.  Thus,  some  of  the 
largest  are  connected  with  the  fine  downy  hairs  on  the  aim  of  the  nose 
and  other  parts  of  the  face,  and  there  they  often  become  unduly  charged 
with  pent-up  secretion. 


Fig.  158. — Sebaceous  Gland  from 
the  Face  with  branched  duct, 

OPENING  INTO  A HaIR-FoLLICLE, 
MAGNIFIED  50  DIAMETERS  (from 
Kolliker). 

a,  epithelium  continuous  with 

b,  the  mucous  layer  of  epidermis  ; 

c,  contents  of  gland;  d,  d,  the 
groups  of  saccules  on  the  branches 
of  the  duct ; e,  hair-follicle ; /, 
hair. 


Development  of  tlie  sebaceous  glands. — The  rudiments  of  the  sebaceous 
glands  sprout  like  little  buds  from  the  sides  of  the  hair-follicles  ; they  are  at  first, 
in  fact,  excrescences  of  the  external  or  mucous  laver  of  the  root-sheath  (fig.  159), 
and  are  composed  entirely  of  nucleated  cells.  Each  little  process  soon  assumes 
a flask  shape  and  is  at  first  solid ; but  in  due  time  a group  of  cells  containing 
fatjparticles  appears  in  its  centre,  and  gradually  extends  itself  along  the 
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axis  of  the  pedicle  until  it  penetrates  through  the  root-sheath,  and  the  fat-cells 

thus  escape  into  the  cavity  of  the  hair- 
follicle,  and  constitute  the  first  secretion 
of  the  sebaceous  gland.  They  are  soon 
succeeded  by  others  of  the  same  kind, 
and  the  little  gland  is  established  in  its 
office.  Additional  saccules  and  recesses,  by 
which  the  originally  simple  cavity  of  the 
gland  is  complicated,  are  formed  by  budding 
out  of  its  epithelium,  as  the  first  was  pro- 
duced from  the  epithelial  root-sheath,  and 
are  excavated  in  a similar  manner. 

It  would  thus  appear  that  the  rudiments 
of  the  hair-follicles,  sweat-glands,  and 
sebaceous  glands,  are  all  derived  from  the 
same  source.  They  all  originally  appear  as 
solid  bud-like  excrescences  of  the  soft 
Malpighian  or  mucous  layer  of  the  epidermis, 
(for  the  outer  stratum  of  the  root-sheath 
must  be  regarded  as  such)  ; these  grow 
down  into  the  corium,  in  which  recesses 
are  formed  to  receive  them,  and  which,  of 
course,  yields  the  material  required  both  for 
the  production  of  new  cells,  for  their  further 
growth,  and  for  the  maintenance  of  their 
secreting  function. 

Functions  and  vital  properties  of  the  skin. — The  skin  forms  a general  ex- 
ternal tegument  to  the  body,  defining  the  surface,  and  coming  into  relation  with 
foreign  matters  externally,  as  the  mucous  membrane,  with  which  it  is  continuous 
and  in  many  respects  analogous,  does  internally.  It  is  also  a vast  emunctory,  by 
which  a large  amount  of  fluid  is  eliminated  from  the  system,  in  this  also  resem- 
bling certain  parts  of  the  mucous  membrane.  Under  certain  conditions,  moreover, 
it  performs  the  office  of  an  absorbing  surface,  but  this  function  is  greatly  re- 
stricted by  the  epidermis.  Throughout  its  whole  extent  the  skin  is  endowed  with 
tactile  sensibility,  but  in  very  different  degrees  in  different  parts.  On  the  skin  of 
the  palm  and  fingers,  which  is  largely  supplied  with  nerves  and  furnished  with 
numerous  prominent  papillae,  the  sense  attains  a high  degree  of  acuteness  ; and 
this  endowment,  together  with  other  conformable  arrangements  and  adaptations, 
invests  the  human  hand  with  the  character  of  a special  organ  of  touch.  A certain 
though  low  degree  of  vital  contractility,  depending  doubtless  on  the  muscular 
fibres  in  its  tissue,  also  belongs  to  the  skin.  This  shows  itself  in  the  general 
shrinking  of  the  skin  caused  by  naked  exposure  to  cold  and  by  certain  mental 
emotions,  and  producing  the  state  of  the  surface  named  “ cutis  anserina,  ’ in 
which  the  muscular  bundles  protrude  the  hair-follicles  with  which  they  are  con- 
nected, whilst  they  retract  or  depress  the  intermediate  cutaneous  tissue  ; and  this 
condition  of  the  skin  may  be  produced  locally  by  the  electric  stimulus  applied  by 
means  of  the  magneto-electric  apparatus.  The  scrotum,  as  is  well  known,  becomes 
shrunk  and  corrugated  by  the  application  of  cold  or  mechanical  irritation  to  its- 
surface  ; but  in  this  case  the  contraction  takes  place  in  the  subcutaneous  tissue- 
and  the  skin  is  puckered. 

Reproduction  of  skin. — When  a considerable  portion  of  the  skin  is  lost,  the 
breach  is  repaired  partly  by  a drawing  inwards  of  the  adjoining  skin,  and  partly 
by  the  formation  of  a dense  tissue,  less  vascular  than  the  natural  corium,  and  in 
which,  so  far  as  we  know,  hairs  and  glands  are  not  reproduced,  so  that  some  deny 
that  the  cutaneous  tissue  is  regenerated.  Still  the  new  part  becomes  covered  with 
epidermis,  and  its  substance  sufficiently  resembles  that  of  the  corium  to  warrant 
its  being  considered  as  cutaneous  tissue  regenerated  in  a simple  form.  In  small 
breaches  of  continuity  from  cuts  inflicted  in  early  life,  the  uniting  part  sometimes- 
acquires  furrows  similar  to  those  of  the  adjoining  surface. 


Fig.  159. 


Fig.  159. — Development  oe  a Se- 
baceous Gland  in  a six  months’ 
Fcetus,  250  Diameters  (Kolliker). 

a,  hair  ; b,  inner  root-sheath  ; c, 
outer  root-sheath  of  hair-follicle  ; d, 
rudiment  of  sebaceous  gland. 
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The  term  gland  has  been  applied  to  various  objects,  differing  widely 
from  each  other  in  nature  and  office,  but  the  organs  of  which  it  is  pro- 
posed to  consider  generally  the  structure  m the  present  chapter,  are 

those  devoted  to  the  function  of  secretion.  . , . , , , . , 

By  secretion  is  meant  a process  m an  organised  body  by  which 
various  matters,  derived  from  the  organism,  are  collected  and  discharged 
at  particular  parts,  in  order  to  be  further  employed  for  special  purposes 
in  the  economy,  or  to  be  simply  eliminated  as  redundant  material  or 
waste  products.  Of  the  former  case,  the  saliva  and  gastric  juice,  and  of 
tlie  latter,  which  by  way  of  distinction  is  often  called  “excretion,”  the 
urine  and  sweat  may  be  taken  as  examples.  # 

Secretion  is  very  closely  allied  to  nutrition.  In  the  one  process,  as  m 
the  other,  materials  are  selected  from  the  general  mass  of  blood  and 
appropriated  by  textures  and  organs  5 but  in  the  function  of  nutrition 
or  assimilation,  the  appropriated  matter  is  destined,  for  a time,  to.  con- 
stitute part  of  the  texture  or  organ,  whereas  in  secretion  it  is  immediately 
discharged  at  a free  surface.  The  resemblance  is  most  striking  in  those 
cases  in  which  the  waste  particles  of  the  texture  nourished  are  shed  or 
cast  off  at  its  surface,  as  in  the  cuticle  and  other  epithelial  tissues. 

In  man,  and  in  animals  which  possess  a circulating  blood,  that  fluid 
is  the  source  whence  the  constituents  of  the  secretions  are  proximately 


derived  ; and  it  is  further  ascertained,  that  some  secreted  matters  exist 
ready  formed  in  the  blood,  and  require  only  to  be  selected  and  separated 
from  the  general  mass,  whilst  others  would  seem  to  be  prepared  from 
the  materials  of  the  blood,  by  the  agency  of  the  secreting  organ.  Among 
the  secreted  substances  belonging  to  the  former  category,  several,  such 
as  water,  common  salt,  and  albumen,  are  primary  constituents  of  the 
blood ; but  others,  as  urea,  uric  acid,  and  certain  salts,  are  the  result  of 
changes,  both  formative  and  destructive,  which  take  place  in  the  solid 
textures  and  in  the  blood  itself,  in  the  general  process  of  nutrition. 
Again,  as  regards  those  ingredients  of  the  secretions  which  are  prepared 
or  elaborated  in  the  secretory  apparatus,  it  is  to  be  observed,  that  the 
crude  material  may  undergo  changes  in  organic  form,  as  well  as  in 
chemical  composition.  Evidence  of  this  is  afforded  by  the  solid  cor- 
puscles found  in  many  secretions,  as  well  as  by  the  seminal  cells  and 
spermatozoa  produced  in  the  testicle. 

In  the  structural  adaptations  of  a secreting  apparatus,  it  is  in  the  first 
place  provided  that  the  blood-vessels  approach  some  free  surface  from 
which  the  secretion  is  poured  out.  The  vessels,  however,  do  not  open 
upon  the  secreting  surface,  for  their  coats,  as  well  as  the  tissue  covering 
them,  are  permeable  to  liquids  ; and  the  most  favourable  conditions  for 
the  discharge  of  fluid  are  ensured  by  the  division  of  the  vessels  into  their 
finest  or  capillary  branches,  and  by  the  arrangement  of  these  capillaries 
in  close  order,  as  near  as  possible  to  the  surface.  In  this  way,  their  coats 
are  reduced  to  the  greatest  degree  of  tenuity  and  simplicity,  and  the 
blood,  being  divided  into  minute  streams,  is  extensively  and  thoroughly 
brought  into  contact  with  the  permeable  parietes  of  its  containing  chan- 
nels, as  well  as  effectually  and,  by  reason  of  its  slow  motion,  for  a long 
time  exposed  to  those  influences,  whether  operating  from  within  or  without 
the  vessels,,  which  promote  transudation. 

Such  a simple  arrangement  as  that  just  indicated  is  sufficient  for  the 
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separation  of  certain  substances  from  the  general  mass  of  the  blood  ; for 
the  coats  of  the  vessels  and  tissue  superjacent  to  them  are  not  permeated 
with  equal  facility  by  all  its  constituents  ; and  in  certain  cases  the 
elimination  of  fluid  in  the  animal  body  is  effected  without  the  necessary 
aid  of  any  more  complicated  apparatus.  Thus,  the  exhalation  of  car- 
bonic acid  ana  watery  vapour  from  the  interior  of  the  lungs  and  air- 
passages,  is  probably  produced  in  this  simple  manner,  although  the 
structure  of  the  exhaling  membrane  is,  for  other  reasons,  complex  ; and 
the  discharge  of  fluid  into  cavities  lined  by  serous  membranes,  which  is 
known  to  be  preternaturally  increased  by  artificial  or  morbid  obstruction 
in  the  veins,  may  be  a case  of  the  same  kind. 

But  another  element  is  almost  always  introduced  into  the  secreting 
structure,  and  plays  an  important  part  in  the  secretory  process ; this  is 
the  nucleated  cell.  A series  of  these  cells,  which  are  usually  of  a spheroidal, 
polyhedral,  or  columnar  figure,  is  spread  over  the  secreting  surface,  in 
form  of  an  epithelium,  which  rests, on  a simple  membrane,  named  the 
basement-membrane,  or  membrana  propria.  This  membrane,  itself 
extravascular,  limits  and  defines  the  vascular  secreting  surface  ; it 
supports  and  connects  the  cells  by  one  of  its  surfaces,  whilst  the  other 
is  in  contact  with  the  blood-vessels,  and  it  may  very  possibly,  also, 
minister,  in  a certain  degree,  to  the  process  of  secretion,  by  allowing 
some  constituents  of  the  blood  to  pass  through  it  more  readily  than 
others.  But  the  cells  are  the  great  agents  in  selecting  and  preparing 
the  special  ingredients  of  the  secretions.  They  attract  and  imbibe  into 
their  interior  those  substances  which,  already  existing  in  the  blood, 
require  merely  to  be  segregated  from  the  common  store  and  concentrated 
in  the  secretion,  and  they,  in  certain  cases,  convert  the  matters  which 
they  have  selected  into  new  chemical  compounds,  or  lead  them  to  assume 
organic  structure.  A cell  thus  charged  with  its  selected  or  converted 
contents  yields  them  up  to  be  poured  out  with  the  rest  of  the  secretion 
— the  contained  substance  escaping  from  it  either  by  exudation  or  by 
bursting  and  destruction  of  the  cell  itself.  Cells  filled  with  secreted 
matter  may  also  be  detached,  and  carried  out  entire  with  the  fluid  part 
of  the  secretion  ; and,  in  all  cases,  new  cells  speedily  take  the  place  of 
those  which  have  served  their  office.  The  fluid  effused  from  the  blood- 
vessels, no  doubt,  supplies  matter  for  the  nutrition  of  the  secreting 
structure,  besides  affording  the  materials  of  the  secretion,  the  residue, 
when  there  is  any,  being  absorbed. 

Examples  illustrative  of  the  secreting  agency  of  cells,  are  afforded  both 
by  plants  and  animals.  Thus  cells  are  found  in  the  liver  of  various 
animals,  and  especially  of  crustaceans  and  mollusks,  some  of  which  con- 
tain a substance  resembling  coloured  biliary  matter,  and  others  par- 
ticles of  fat.  In  the  urinary  organ  of  mollusks,  cells  are  seen  which 
inclose  little  opaque  masses  of  uric  acid.  In  mucous  glands,  the  pro- 
duct (mucus)  remains  in  the  intervals  of  secretion  stored  up  within 
the  cells  (Watney).  The  secretion  of  the  sebaceous  follicles  in  man 
often  contains  detached  cells  filled  with  fat ; and,  according  to  Goodsir’s 
observation,  the  ink-bag  of  the  cuttle-fish  is  lined  with  an  epithelium, 
the  constituent  cells  of  which  are  charged  with  pigment  similar  to  that 
which  imparts  the  dark  colour  to  the  inky  secretion.  This  last  instance, 
as  well  as  the  production  of  spermatozoa,  is  an  example  of  the  forma- 
tion of  new  products  within  secreting  cells,  a process  further  illustrated 
in  plants,  which  afford  abundant  and  decided  evidence  of  the  production 
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Fig.  160. — Plan  of  a Secreting  Membrane. 


a,  membrana  propria  or  basement-membrane ; b,  epithelium,  composed  of  secreting 
nucleated  cells  ; c,  layer  of  capillary  blood-vessels. 

(marked  a in  the  plan,  fig.  160),  supporting  a layer  of  secreting  cells 
on  one  of  its  surfaces  (indicated  by  the  dotted  line  b,  in  the  figure), 
whilst  finely  ramified  blood-vessels  are  spread  over  the  other  ( c ).  But 
whilst  the  structure  may  remain  essentially  the  same,  the  configuration 
of  the  secreting  surface,  or  (what  amounts  to  the  same  thing)  of  the 
supporting  basement-membrane,  presents  various  modifications  m 
different  secreting  organs.  In  some  cases,  the  secreting  surface  is  plain, 
or,  at  least,  expanded,  as  in  various  parts  of  the  serous,  synovial,  and 
mucous  membranes,  which  may  be  looked  on  as  examples  of  compara- 
tively simple  forms  of  secreting  apparatus  ; but,  in  other  instances,  and 
particularly  in  the  special  secretory  organs  named  glands,  the  surface 
of  the  secreting  membrane  is  variously  involved  and  complicated.  An 
obvious,  and  no  doubt  a principal,  purpose  of  this  complication  is  to 
increase  the  extent  of  the  secreting  surface  in  a secreting  organ,  and 
thus  augment  the  quantity  of  secretion  yielded  by  it.  No  connection 
has  been  clearly  shown  to  exist  between  the  quality  of  the  secretion  and 
the  particular  configuration,  either  internal  or  external,  of  the  organ  ; 
on  the  other  hand,  we  know  that  the  same  kind  of  secretion  that  is 
derived  from  a complex  organ  in  one  animal,  may  be  produced  by  an 
apparatus  of  most  simple  form  in  another. 

The  more  immediate  purpose  of  the  complication  of  the  secreting 
membrane  being  to  augment  its  surface  within  a comparatively  circum- 
scribed space,  there  are  two  principal  modes  by  which  the  membrane 
is  so  increased  in  extent,  namely,  by  rising  or  protruding  in  form  of  a 
prominent  fold  or  some  otherwise  shaped  projection  (fig.  161,  d,  c),  or 
by  retiring,  in  form  of  a recess  (fig.  162,  y,  h). 

The.  first-mentioned  mode  of  increase,  or  that  by  protrusion,  is  not 
what  is  most  generally  followed  in  nature,  still  it  is  not  without 
example,  and,  as  instances,  we  may  cite  the  Haversian  fringes  of  the 
synovial  membranes,  the  urinary  organ  of  the  snail,  which  is  formed  of 
membranous  lamella;,  and  perhaps,  also,  the  choroid  plexuses  in  the 
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biain,  and  the  ciliary  processes  in  the  eye-ball,  although  secretion  mav 
not  be  the  primary  office  of  the  last-mentioned  structures.  In  most  of 
these  cases,  the  membrane  assumes  the  form  of  projecting  folds,  which 
tor  the  sake  of  further  increase  of  surface,  may  be  again  plaited  and 
complicated,  or  cleft  and  fringed,  at  their  borders  (fig.  161,  e,f). 

. ^ie  Plan  of  augmenting  the  secreting  surface  by  recession  or  inver- 
sion  of  the  membrane,  in  form  of  a cavity,  is,  with  few  exceptions,  that 


Fig.  161. 


Fig.  161.— Plan  to  Show  Augmentation  of  Surface  by  Formation  of 

Processes. 

«,  b,  c,  as  in  preceding  figure  ; cl,  simple,  and  cf,  branched  or  subdivided  processes. 

generally  adopted  in  the  construction  of  secreting  glands.  The  first 
degree  is  represented  by  a simple  recess  (fig.  162,  g,  h),  and  such  a 
recess,  formed  of  secreting  membrane,  constitutes  a simple  gland.  The 
shape  of  the  cavity  may  be  tubular  (y)  or  saccular  (h),  and,  in  either 
case,  it  is  called  indifferently  a crypt,  follicle,  or  lacuna,  for  these  names 
have  not  been  strictly  distinguished  in  their  application.  Examples  of 
these  simple  glands  are  found  in  the  mucous  membrane  of  the  stomach, 
intestines,  and  uterus.  The  secreting  surface  may  be  increased,  in  a 
simple  tubular  gland,  by  mere  lengthening  of  the  tube,  in  which  case, 
however,  when  it  acquires  considerable  length,  the  tube  is  coiled  up 
into  a ball  (fig.  162,  i),  so  as  to  take  up  less  room,  and  adapt  itself  to 
receive  compactly  ramified  blood-vessels.  The  sweat-glands,  already 
described,  and  the  ceruminous  glands  of  the  ear  are  instances  of  simple 
glands  formed  of  a long  convoluted  tube.  But  the  great  means  adopted 
for  further  increasing  the  secreting  surface  is  by  the  subdivision,  as 
well  as  extension,  of  the  cavity,  and  when  this  occurs  the  gland  is  said 
to  be  compound.  There  is,  however,  a condition  which  might  be  looked 
on  as  a step  between  the  simple  and  compound  glands,  in  which  the 
sides  or  extremity  of  a simple  tube  or  sac  become  pouched  or  loculated 
(fig.  162,  1c,  l).  This  form  might  be  named  the  midtilocular  crypt. 

In  the  compound  glands,  the  divisions  of  the  secreting  cavity  may 
assume  a tubular  or  a saccular  form,  and  this  leads  to  the  distinction  of 
these  glands  into  the  “ tubular,”  and  the  “ saccular,”  or  “ racemose.” 

The  racemose  compound  glands  (fig.  162,  c)  contain  a multitude  of 
saccules,  opening  in  clusters,  into  the  extremities  of  a branched  tube, 
named  the  excretory  duct.  The  saccules  are  rounded,  pyriform  or 
thimble-shaped,  and  then  often  named  “ crncal.”  They  are  as  usual 
formed  by  a proper  or  basement-membrane,  and  lined,  or  often  rather 
filled  with  secreting  cells ; they  are  arranged  in  groups,  round  the 
commencing  branches  of  the  duct,  into  which  they  open  both  terminally 
and  laterally  (fig.  1 62,  C,  n) ; or  it  might  with  equal  truth  be  said  that 
the  branches  of  the  duct  are  distended  into  clusters  of  saccular  dilata- 
tions. The  ultimate  branches  of  the  duct  open  into  larger  branches  ip). 
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these  into  larger  again,  till  they  eventually  terminate  in  one  or  more 
principal  excretory  ducts  (m),  by  which  the  secretion  is  poured  out  ot 

Eig.  162. 


o n 


Eig.  162. — Plans  of  Extension  of  Secreting  Membrane,  by  Inversion  or  Recession. 

A,  simple  glands,  viz.,  g,  straight  tube  ; h,  sac  ; i,  coiled  tube.  B,  multilocular  crypts  ; 
I',  of  tubular  form  ; l,  saccular.  C,  racemose,  or  saccular  compound  gland  ; in,  entire 
gland,  showing  branched  duct  and  lobular  structure  ; n,  a lobule,  detached  with  o,  branch 
of  duct  proceeding  from  it.  D,  compound  tubular  gland. 


the  gland.  It  is  from  the  clustered  arrangement  of  their  ultimate 
vesicular  recesses  that  these  glands  are  named  “ racemose”  (in  German 
“ traubenformige  Driisen  ”) ; and  they,  for  the  most  part,  have  a dis- 
tinctly  lobular  structure.  The  lobules  are  held  together  by  the  branches 
of  the  duct  to  which  they  are  appended,  and  by  interlobular  connective 
tissue  which  also  supports  the  blood-vessels  in  their  ramifications.  The 
larger  lobules  are  made  up  of  smaller  ones,  these  of  still  smaller,  and 
so  on  for  several  successions.  The  smallest  lobules  (?i)  consist  of  two 
or  three  groups  of  saccules,  with  a like  number  of  ducts,  joining  into 
an  immediately  larger  ramuscule  (o),  which  issues  from  the  lobule  ; and 
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a collection  of  the  smallest  lobules,  united  by  connective  tissue  and 
vessels,  forms  one  of  the  next  size,  which,  too,  has  its  larger  branch  of 
the  duct,  formed  by  the  junction  of  the  ramuli  belonging  to  the  ulti- 
mate lobules.  In  this  way,  the  whole  gland  is  successively  made  up,  the 
number  of  its  lobules  and  of  the  branches  of  its  duct  depending  on  its 
size;  for  whilst  some  glands  of  this  kind,  like  the  parotid  and  pancreas 
consist  of  innumerable  lobules,  connected  by  a large  and  many-brauched 
duct,  others,  such  as  the  duodenal  glands  of  Brunner  and  many  mucous 
glands,  are  formed  of  but  two  or  three  ultimate  lobules,  or  even  of  a 
single  one,  with  a duct,  minute  in  size  and  sparingly  branched,  to 
correspond.  In  fact,  a small  racemose  gland  resembles  a fragment  of  a 
larger  one. 

The  ultimate  saccules  of  a racemose  gland  or  alveoli , as  they  are 
commonly  termed,  are  almost  entirely  filled  by  the  secreting  cells,  only 
a small  cavity  being  left  in  the  centre  communicating  with  the  excretory 
duct.  It  would  appear,  however,  that  in  many  cases  at  least,  minute 
canals  lead  from  the  central  cavity  between  the  cells,  and  these 
may  aid  in  the  conveyance  of  the  secretion  of  the  latter  towards  the 
duct.  It  is  doubtful  whether  these  intercellular  channels  have  proper 
walls  or  are  merely  formed  by  the  juxtaposition  of  grooves  on  the 
adjacent  sides  of  the  cells.  Further — the  flattened  cells  which  compose 
the  basement-membrane  have  delicate  lamellar  processes  extending 
between  the  alveolar  cells,  among  which  they  appear  to  form  a susten- 
tacular  network  (Boll,  Ebner). 

A great  many  compound  glands,  yielding  very  different  secretions, 
belong  to  the  racemose  class.  As  examples,  it  will  be  sufficient  to 
mention  the  pancreas,  the  salivary,  lachrymal,  and  mammary  glands, 
with  the  glands  of  Brunner  already  referred  to,  and  most  of  the  small 
glands  which  open  into  the  mouth,  fauces,  and  windpipe.  From  the 
description  given  of  their  structure,  it  will  be  understood  why  the  term 
“ conglomerate  glands  ” has  been  applied  especially  though  not  exclu- 
sively, to  this  class.  Their  smallest  lobules  were  called  acini,  a term 
which  has  also  been  used  to  denote  the  saccular  recesses  in  the  lobules, 
and  indeed  the  word  acinus,  which  originally  meant  the  seed  of  a berry 
or  the  stone  of  a grape,  or  sometimes  the  grape  itself,  has  been  so 
vaguely  applied  by  anatomists,  that  it  seems  better  to  discard  it  alto- 
gether. 

Of  the  tubular  compound  glands,  the  most  characteristic  examples 
are  the  testicle  and  kidney.  In  these  the  tubular  ducts  divide  again 
and  again  into  branches,  which,  retaining  their  tubular  form,  are  greatly 
lengthened  out.  The  branches  of  the  ducts  are,  as  usual,  formed  of  a 
limitary  or  basement-membrane  ( membrana  propria),  lined  by  epithe- 
lium, and  in  contact,  by  its  opposite  surface,  with  capillary  blood- 
vessels. By  the  multiplication  and  elongation  of  the  tubular  branches 
a vast  extent  of  secreting  surface  is  obtained,  whilst  to. save  room,  the 
tubes  are  coiled  up  into  a more  or  less  compact  mass,  which  is  traversed 
and  held  together  by  blood-vessels,  and  sometimes,  also,  divided  into 
lobules  and  supported,  as  in  the  testicle,  by  fibrous  partitions,  derived 
from  the  inclosing  capsule  of  the  gland.  In  consequence  of  their 
intricately  involved  arrangement,  it  is  difficult  to  find  out  how  the 
tubular  ducts  are  disposed  at  their  extremities.  It  seems  probable, 
however,  that  some  are  free,  and  simply  closed  without  dilatation,  and 
that  others  anastomose  with  neighbouring  tubes,  joining  with  them  in 
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pi  • I'-irinpv  lit",  hip  round,  tufts  of  fine  blood-vessels 

„°t  inKinal  Salons  of  the  duets,  but  without 

°PThe  lumm’Tive'r  does  not  precisely  agree  in  structure  with  either  of 
±ne  nuniuu  o-lands.  Its  ducts,  which  are  neither 

coilednor  sacculated,  would  seem  to  begin  within  its  lobules  in  form 
n?  notlr  nf  excessively  fine  channels  which  run  between  the  sides 

and  these  occupy  the  interstices  of  the 

reticute  capita^ blood -vessels,  which  also  are  peculiar,  inasmuch  as 

thev  receive  and  transmit  venous  blood.  . . 

ltl  33esid.es blood- vessels,  the  glands  are  furnished  with  lymphatics,  which  m 
some  compound  glands  proceed  from  interstitial  lymphatic  spaces  within, 
•is  already  stated  (p.  185).  Branches  of  nerves  have  also  been  followed, 
for  some  way,  into  these  organs,  and  the  well-known  fact,  that  the  flow 
of  secretion  m several’ glands  is  affected  by  mental  emotions,  shows  that 
an  influence  is  exerted  on  secreting  organs  through  the  medium  of  the 
nervous  system ; and  this  is  further  shown  by  the  fact  that  an  increased 
flow  may  "be  brought  on  by  direct  or  reflex  stimulation  of  their  nerves. 
Moreover,  fine  non-medullated  nervous  fibres  have  in  several  instances 
been  described  as  forming  a network  between  the  alveolar  cells ; and  in 
the  salivary  glands,  Pfliiger  has  affirmed  a direct  passage  of  nerve-fibres, 
both  medullated  and  non-medullated,  into  the  secreting  cells  : his  ob- 
servations, however,  have  not  been  corroborated  by  other  inquirers. 

From  what  has  been  stated,  it  will  be  apparent  that  the  substance  of 
a gland  consists  of  the  ducts,  blood-vessels,  lymph-vessels  and  lacunae, 
and  a few  nerves,  in  some  cases  connected  by  an  intervening  tissue.  In  the 
testicle  there  is  a very  small  amount  of  intermediate  connective  tissue, 
which,  with  the  aid  of  the  blood-vessels,  holds  the  tubules  but  feebly 
together,  so  that  the  structure  is  comparatively  loose,  and  readily 
admits  of  being  teazed  out ; but  then  it  is  sufficiently  protected . and 
supported  by  a fibrous  capsule  on  the  outside,  and  fibrous  septa  within 
tfle  gland.  * In  the  racemose  glands  there  is  a good  deal  of  uniting 
connective  tissue,  which  surrounds  collectively  each  group  of  saccules, 
binds  together  the  lobules,  and  supports  the  vessels  in  their  ramifica- 
tions. The  substance  of  the  kidney  contains  scarcely  any  well-cha- 
racterised fibrous  connective  tissue,  except  bundles  which  here  and 
there  accompany  the  larger  branches  of  vessels,  but  there  is  an  abun- 
dant, though  very  delicate,  network  of  retiform  tissue  in  a soft  amor- 
phous matter  between  the  tubules  and  blood-vessels,  which  binds  them 
together. 

Parenchyma  is  a term  sometimes  employed  in  describing  glandular 
organs,  though  it  is  less  in  use  now  than  formerly.  It  is  used  some- 
times to  denote  the  solid  part  of  a gland  composed  of  the  various 
tissues  already  mentioned  ; at  other  times  to  signify  any  substance,  of 
whatever  nature,  lying  between  the  ducts,  vessels,  and  nerves.  In  this 
last  sense  the  parenchyma  is  in  certain  glands  represented  by  connec- 
tive tissue,  in  others  by  corpuscles  and  amorphous  matter,  whilst  in 
some  it  can  scarcely  be  said  to  exist. 

Some  glands  have  a special  envelope,  as  in  the  case  of  the  kidney  and 
testicle ; others,  as  the  pancreas,  have  none. 

The  ducts  of  glands  ultimately  open  into  cavities  lined  by  mucous 
membrane,  or  upon  the  surface  of  the  skin.  They  are  sometimes 
provided  with  a reservoir,  in  which  the  secretion  is  collected,  to  be 
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discharged  when  the  purposes  of  the  economy  so  demand.  ' The  reser- 
voir ol  the  urine  receives  the  whole  of  the  secreted  fluid  ; in  the  gall- 
bladder, on  the  other  hand,  only  a part  of  the  bile  is  collected.  The 
vesiculm  semmales  afford  another  example  of  these  laterally  appended 
leseivoirs.  dhe  ducts  are  constructed  of  a basement-membrane  and 
lining  of  epithelium,  and  in  their  smaller  divisions  there  is  nothing  II 
moie ; but  in  the  larger  branches  and  trunks  a fibro-vascular  layer  is 
added,  as  in  the  ordinary  mucous  membrane,  with  which  many  of  them 
are  continuous,  and  with  which  they  all  agree  in  nature.  A more  or 
less  him  outer  coat,  composed  of  connective  tissue,  comes  in  many 
cases,  to  surround  the  mucous  lining,  and  between  the  two,  or,  at  any 
rate,  outside  the  mucous  coat,  there  is  in  some  ducts  a deposit  of  non- 
stnated  muscular  tissue.  The  epithelium  is  usually  composed  of 
spheroidal  or  polyhedral  cells  at  the  commencement  of  the  ducts,  and 
is  columnar  in  the  rest  of  their  length,  though  sometimes  flattened  or 
scaly,  as  in  the  mammary  gland. 


DUCTLESS  OR  VASCULAR  GLANDS. 

There  are  certain  bodies  which  have  received  the  name  of  glands  on 
account  of  their  resemblance  in  general  appearance  and  structure  to 
the  ordinary  secreting  organs.  They  differ,  however,  from  the  latter  in 
the  fact  of  their  possessing  no  ducts  for  the  discharge  of  secretion  ; 
so  that  their  elaborated  products  must  be  conveyed  into  the  blood  by 
lymphatic  or  sanguiferous  vessels,  with  both  of  which  they  are  for  the 
most  part  abundantly  provided.  The  bodies  in  question  have  been 
termed  “ ductless  ” for  this  obvious  anatomical  reason  : and  “ vascular,” 
on  certain  physiological  or  theoretic  grounds,  as  they  are  supposed  to 
effect  some  change  in  the  blood  which  is  transmitted  through  them. 

To  this  class  belong  the  following  bodies : — the  spleen,  the  thyroid 
body,  thymus  gland,  suprarenal  capsules,  pituitary  body,  the  solitary 
closed  follicles  of  the  intestines,  the  Peyerian  glands,  the  follicular 
glands  at  the  root  of  the  tongue,  and  also  the  lymphatic  glands. 

The  purposes  fulfilled  by  certain  of  the  organs  enumerated  are  still 
involved  in  great  obscurity,  but  the  majority  have  apparently  the  same 
fundamental  constitution.  They  are  essentially  made  up  of  corpuscles 
having  the  character  of  lymph-  or  pale  blood-corpuscles,  included  and 
supported  by  retiform  connective  tissue,  traversed  throughout  by  san- 
guiferous capillaries,  and  provided  with  numerous  and  large  lymphatic 
vessels  : their  constituent  substance,  in  fact,  agrees  in  structure  with 

what  has  already  been  described  as  lymphoid  tissue.  This  is  in  some 
cases  formed  into  small  rounded  bodies  or  pellets,  which  may  be  either 
closely  grouped  together  to  form  the  lobules  of  a gland-like  organ 
(thymus)  or  distributed  in  other  tissues  (follicular  glands  of  mucous 
membrane,  Malpighian  corpuscles  of  the  spleen)  : in  other  cases  the 
lymphoid  substance  is  in  large  masses,  which  may  take  on  a more  or 
less  reticular  arrangement,  with  lymph-sinuses  occupying  the  inter- 
stices of  the  network  (lymphatic  glands). 

Some  of  the  organs  in  question,  for  example,  the  thyroid  gland,  differ 
altogether  from  the  rest,  except  in  the  absence  of  ducts.  The  account 
of  these  and  of  the  specialities  of  the  “lymphoid”  organs  is  reserved  for 
the  part  of  this  work  devoted  to  special  anatomy. 


SPECIAL  ANATOMY  OF  THE  VISCERA. 


THE  THORACIC  VISCERA. 

The  greater  part  of  the  thorax  is  occupied  by  the  lungs,  each  of 
which  is  invested  by  a serous  membrane,  the  pleura.  The  heart, 
enclosed  by  a membranous  covering,  the  pericardium , is  situate  between 
the  lungs  in  the  middle  of  a space  bounded  laterally  by  the  right  and 
left  pleurae,  and  known  as  the  mediastinal  space,  the  septum  formed  by 
the  union  of  the  two  pleurae  being  termed  the  mediastinum.  The 
term  anterior  mediastinum  is  given  to  the  part  of  this  septum  in  front 
of  the  heart  and  pericardium,  and  posterior  mediastinum  to  the  part 
behind,  while  that  portion  which  encloses  the  pericardium  is  sometimes 
distinguished  as  the  middle  mediastinum. 

The  anterior  mediastinum  (fig.  1G3,  2),  which  is  of  no  great 
depth,  is  situate  in  front  of  the  pericardium,  between  it  and  the 
sternum.  At  its  superior  part  the  two  layers  of  pleurae  separate  some- 
what to  enclose  the  vestiges  of  the  thymus  gland ; behind  the  second 
piece  of  the  sternum  they  are  in  contact,  but  below  this  the  left  pleura 
recedes  from  its  fellow  towards  the  left  side,  leaving  an  angular  space  of 
some  breadth.  The  triangularis  sterni  muscle  bounds  this  space  in  front. 

The  posterior  mediastinum,  stretching  from  the  pericardium  to  the 
bodies  of  the  vertebras,  encloses  between  its  layers  the  lower  part  of  the 
windpipe  and  gullet  (fig..  163  oe)  the  thoracic  duct  (d),  the  descending 
aorta  (a),  the  azygos  vein  ( v.a ),  and  the  pneumogastric  nerves  (p.n), 
together  with  some  lymphatic  glands. 


THE  PERICARDIUM. 


This  membranous  sac,  in  which  the  heart  is  contained,  is  of  a some- 
what conical  shape,  its  base  resting  on  the  diaphragm,  whilst  the  upper 
narrower  part . surrounds  the  great  vessels  as  far  as  their  first  divi- 
sions. It  consists  of  two  layers,  one  external  and  fibrous,  the  other 
internal  and  serous. 


,i  'e  fibrous  layer  is  a dense,  unyielding  membrane,  consisting  of 
1-  mterlace  i1}  every  direction.  At  the  base  of  the  pericar- 

nhraem  af6r  18  attached  to  the  upper  surface  of  the  dia- 

nrlinmino-  rfi  f D ’ Par%  to  the  central  tendon,  partly  to  the 

smce  “arX  mS'i™  ra°L?Pt0^  on  the  left  side-  1 °™'  a sma11 
the  connection  vorv  if  lme  nthe  hbrous  structures  are  continuous,  and 

effected  mainly  by  areolar Sf  th«  attacliment  is  more  lax,  and  is 
embraces  the  large  blood-vessels,  the  fibrous  layer  i?  continued  for  some 

it 
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distance  along  them  in  the  form  of  tubular  prolongations,  which  become 
gradually  lost  upon  their  external  coats.  The  superior  vena  cava,  the 
lour  pulmonary  veins,  the  aorta,  and  the  right  and  left  divisions  of 
the  pulmonary  artery,  in  all  eight  vessels,  receive  investments  of  this 
kind. 


Fig.  163. 


Fig.  163. — Transverse  Section  op  the  Chest  op  a Fcetus,  illustrating  the  relative 

POSITION  OP  THE  HEART  AND  LUNGS  AND  TIIE  INFLECTIONS  OF  THE  PERICARDIUM 
and  Pleura  (Allen  Thomson  after  Luschka). 

The  sketch  represents  the  upper  surface  of  the  lower  section  ; the  division  is  carried 
nearly  in  a horizontal  plane  on  a level  with  the  interval  in  front  between  the  fifth  and 
sixth  ribs,  s,  the  sternum  ; e,  the  body  of  the  seventh  dorsal  vertebra  ; h,  the  right, 
and  h',  the  left  ventricle  ; ce,  the  oesophagus  ; p n,  the  left  pneumogastnc  nerve  , near 
these  letters  respectively,  the  root  of  the  right  and  left  lungs  ; the  rig  pneum  0 _ 

nerve  is  behind  the  oesophagus  ; a,  the  aorta  ; v a,  the  vena  azygos  , , . * 

1 the  cardiac  pericardium  ; 2,  in  the  anterior  mediastinal  space,  e pane  a p 
dium  : 2',  the  cavity  of  the  pericardium;  3,  the  pulmonary  pleurae  passing  °yel 
surface,  and  reflected  at  the  roots  of  the  lungs  ; 3'  their  cavity,  and  on  the  right side, 
the  reflection  at  the  mediastinum  to  the  surface  of  the  pencaidium  , , P 

costal  pleurae  ; c,  c,  the  walls  of  the  chest  inclosing  the  ribs,  pectoral  muscles,  &e. 

The  serous  layer  not  only  lines  the  fibrous  layer  of  the  pericardium, 
but,  like  other  serous  membranes,  is  reflected  on  the  surface  or_  i 
viscus  which  it  invests.  It  has,  therefore,  a visceral  and  a parietal 
portion.  The  parietal  portion  adheres  firmly  to  the  fibrous  m 
brane,  and  becomes  continuous  with  the  visceral  portion  xTon 
arch  of  the  aorta  and  other  great  vessels  about  2 or  2*  ^djes 
the  base  of  the  heart.  In  passing  round  the  aorta  f J 
artery  it  encloses  those  vessels  m a common  short  tubular  she. 


the  pericakdium. 
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/ficr.  164,  5,  5).  It  is  reflected  also  upon  the  superior  vena  cava  (c), 
and  on  the  four  pulmonary  veins  (p,p),  and  forms  a deep  lecess  or 
prolonged  cavity  between  the  entrance  of  the  right  and  left  veins 
into  the  left  auricle.  The  inferior  vena  cava  (o')  receives  only  a 


Fig.  164. 


Fig.  164. — Semi-Diagrammatic  View  op  the  Pericardium  from  behind,  designed 

TO  SHOW  THE  PRINCIPAL  INFLECTIONS  OF  THE  SEROUS  SAC  ROUND  THE  GrREAT 
Vessels  (Allen  Thomson).  One-half  the  natural  size. 


The  drawing  is  taken  from  preparations  in  which  the  heart  and  vessels  had  been 
partially  filled  by  injection,  the  pericardium  inflated  and  dried  in  the  distended  state,  and 
the  fibrous  continuation  on  the  vessels  removed.  By  the  removal  of  a portion  of  the 
pericardium  from  behind  the  right  and  left  cavities  of  the  heart,  the  position  of  that 
organ  is  made  apparent.  A bent  probe  is  passed  within  the  pericardium  from  behind 
the  right  auricle,  in  front  of  the  vena  cava  inferior,  to  the  back  of  the  left  ventricle,  which 
may  indicate  the  place  where  the  large  undivided  sac  of  the  pericardium  is  folded  round 
that  vein.  A,  posterior  surface  of  the  right  auricle  ; A',  the  same  of  the  left  : V,  right 

nat^arterv7  Ventncle  > Ao>  tlie  uPPer  aad  back  part  of  the  aortic  arch  ; b,  innomi- 
dt  rj^’i^CaVa  S"P?r°r.;  r-’  azysos  vein  ; G'>  yena  caya  ™ferior  between  the 

ricle  ; c"  great  coronary  vein  ; +,  cord  of  the 
pulmonS  veins  • D ’the  hS*’  ? ii*16  left  Pulmonai7  ar*ery  ; p,  the  right,  p',  the  left 
pericardium  as  y’et  umuflected  2 ^ tf  f a^raSm/’  ] - «ac  «f  the 

rounds  the  vena  cava  superior  the  nmw  ? i , °n  Se  nght  Slde  whlch  Partially  but- 
cava  inferior  ; 3,  the  portion  of  the  lift  ^ ^ i'lgh  P^m<mary  vems>  aad  the  vena 
inferior  • 4,  the  nortion  which  ie  „ + ?ft,  Slde  wblch  partially  surrounds  the  vena  cava 

folds  over  the  pulmonary  artries^n^vein?^?  bi^d  the  le?  auricle>  and  PartialIy 
vessels  the  extensions  of  the  main  s^rl^the rithT1^  wf these-  clifferc,lt 
pericardium  which  completely  IrtS  Ski  °f  ^ 
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very  scanty  covering  of  this  membrane  (3,  2),  inasmuch  as  that  vessel 
enters  the  right  auricle  almost  immediately  after  passing  through  the 
diaphragm,  and  is  only  partially  surrounded  by  a reflection  of  the  peri- 
cardium in  the  narrow  interval  between  these  parts.  None  of  the 
vessels,  indeed,  joining  the  heart,  with  the  exception  of  the  aorta  and 
pulmonary  artery  where  they  are  united  together,  receive  a complete 
covering  from  the  pericardium,  or  can  be  said  to  be  entirely  enveloped 
by  the  sac.  In  structure  the  serous  layer  of  the  pericardium  agrees 
with  that  of  serous  membranes  generally,  except  that  no  apertures  have 
as  yet  been  discovered  in  it  by  which  its  cavity  communicates  with 
lymphatic  vessels. 

When  the  left  pulmonary  artery  and  subjacent  pulmonary  vein  are  separated, 
a fold  of  the  pericardium  will  be  seen  between  them,  which  has  been  termed  by 
Marshall  the  “ vestigial  fold  of  the  pericardium.”  It  is  formed  by  a duplicature 
of  the  serous  layer,  including  areolar  and  fatty  tissue,  together  with  blood-vessels, 
and  nerves,  and  is  from  half  to  three-quarters  of  an  inch  in  length,  and  from 
half  to  one  inch  deep.  It  extends  from  the  left  superior  intercostal  vein  above 
the  pulmonary  artery  downwards  to  the  side  of  the  left  auricle,  where  it  is  lost  in 
a narrow  streak  which  crosses  round  the  lower  left  pulmonary  vein.  This  fold  is 
a vestige  of  a left  superior  vena  cava  (duct  of  Cuvier),  which  exists  in  early  em- 
bryonic life.  (Marshall,  “ On  the  development  of  the  great  anterior  veins  in 
Man  and  Mammalia,”  Philosoph.  Trans.  1850.) 

The  pericardium  is  in  relation  in  front  and  behind  with  the  mediastina  and 
their  contents.  Anteriorly  also  it  is  overlapped  by  the  pleurae  and  to  some  extent 
by  the  lungs,  except  below,  where  it  approaches  the  surface  in  the  angular  space 
to  the  left  of  the  lower  piece  of  the  sternum.  At  the  sides  it]  is  in  contact  -with 
the  phrenic  nerves,  as  well  as  with  the  pleurae  and  their  contained  viscera.  Its 
relations  to  the  diaphragm  and  great  vessels  have  been  already  noticed. 


THE  HEART. 

The  heart  is  a hollow  muscular  organ,  divided  by  a longitudinal  sep- 
tum into  a right  and  a left  half,  each  of  which  is  again  subdivided  by  a 
transverse  constriction  into  two  compartments,  communicating  with 
each  other,  and  named  auricle  and  ventricle.  Its  general  form  is 
that  of  a blunt  cone.  Enclosed,  as  before  said,  in  the  pericardium,  it 
is  placed  behind  the  sternum  and  the  costal  cartilages  (fig.  174  ; on 
page  254),  the  broader  end,  or  base,  by  which  it  is  attached,  being 
directed  upwards,  backwards,  and  to  the  right,  and  extending  fioin 
the  level  of  the  fourth  to  that  of  the  eighth  dorsal  vertebra  ; the 
apex  downwards,  forwards,  and  to  the  left.  In  the  living  subjec 
its  stroke  against  the  wall  of  the  chest  is  felt  in  the  space  between 
the  cartilages  of  the  fifth  and  sixth  ribs,  a little  below  and  o 
the  inner  side  of  the  left  mammilla  (3£  inches  from  middle  line  o 
sternum  and  lA  inch  below  nipple) : in  the  dead  body  the  apex  is  & 
little  higher  than  during  life.  The  heart,  therefore,  has  a very 
oblique  position  in  the  chest,  and  projects  farther  into  the  left  man 
into  the  right  half  of  the  cavity.  Its  position  is  affected  to  a certain 
extent  by  that  of  the  body  ; thus  it  comes  more  into  contact  with  tne 
anterior  wall  of  the  chest  when  the  body  is  in  the  prone  posture  oi  is 
lying  on  the  left  side.  In  inspiration,  on  the  other  hand,  when 
diaphragm  sinks  and  the  lungs  expand,  it  recedes  slightly  from 

ChAt  its  base  the  heart  is  attached  to  the  great  blood-vessels;  moreover. 


the  heart. 
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the  serous  layer  of  the  pericardium  is  here  reflected  from  the  one  to  the 
other.  In  the  remainder  of  its  extent  the  organ  is  entirely  free  within 
the  sac  of  the  pericardium.  The  convex  anterior  surface  looks  somewhat 
upwards  as  well  as  forwards  towards  the  sternum  and  costal  cartilages  : 
fiom  these  It  s partly  separated  by  the  pleura,.  The  lungs  also 
advance  over  it  to  some  extent,  and  encroach  still  farther  during 


inspiration,  so  as  in  that  condi- 
tion to  leave  only  a triangular 
part,  not  more  than  two  square 
inches  in  extent,  uncovered.*  The 
posterior  or  under  surface  is 
flattened,  and  rests  on  the  dia- 
phragm. Of  the  two  borders  or 
margins  formed  by  the  meeting 
of  the  anterior  and  posterior  sur- 
faces, the  right  or  lower  border, 
called  margo  acutus,  is  compara- 
tively thin,  and  is  longer  than  the  upper  or  left  border,  which  is 
more  rounded  and  is  named  margo  obtusus. 

A deep  transverse  groove,  the  auriculo-veniricular  furrow,  inter- 
rupted in  front  by  the  root  of  the  pulmonary  artery,  divides  the 
heart  into  the  auricular  and  the  ventricular  portions ; and  on  the  ven- 
tricular portion  two  longitudinal  furrows , situated  one  on  the  anterior, 
the  other  on  the  posterior  surface,  mark  its  division  into  a right 
and  left  chamber.  They  extend  from  the  base  of  the  ventricular 
portion,  and  are  continuous  one  with  the  other  a little  to  the  right 
of  the  apex,  which  thus  appears  to  be  formed  entirely  by  the  wall  of  the 
left  ventricle.  The  anterior  longitudinal  furrow  (fig.  165  + + ) is  nearer 
to  the  left  border,  whilst  the  posterior  furrow  approaches  nearer  to  the 
right . border  of  the  heart,  the  right  ventricle  forming  more  of  the 
anterior,  and  the  left  more  of  the  posterior  surface  of  the  organ, 
in  the  transverse  and  longitudinal  furrows  run  the  coronary  or  cardiac 

Tliis  uncovered  part  inay  be  marked  off  on  the  surface  of  the  chest  by  two  lines 
< rawn  from  the  apex-pomt  to  the  middle  line  of  the  sternum,  one  horizontal,  the  other 
extending  o bkquely  upwards  to  between  the  fourth  cartilages. 


Fig.  165.— View  of  the  Heart  and 

Great  Vessels  from  before  (R.  Quain). 

One-third  the  Natural  Size. 

The  pulmonary  artery  has  been  cut  short 
close  to  its  origin  in  order  to  show  the  first 
part  of  the  aorta.  1,  right  ventricle;  2, 
left  ventricle  ; 3,  root  of  the  pulmonary 
artery  ; 4,  4',  arch  of  the  aorta  ; 4 , the 
descending  thoracic  aorta  ; 5,  the  appen- 
dix and  anterior  part  of  the  right  auricle  ; 
6,  those  of  the  left  auricle  ; 7,  7',  inno- 
minate veins  joining  to  form  the  vena  cava 
superior  ; S,  inferior  vena  cava  below  the 
diaphragm  ; 9,  one  of  the  large  hepatic 
veins  ; + , placed  in  the  right  auriculo- 
ventricular  groove,  points  to  the  right  or 
posterior  coronary  artery  ; + , + , placed 
in  the  anterior  interventricular  groove, 
indicate  the  left  or  anterior  coronary 
artery. 


Fig.  165. 
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arteries  and  reins  with  lymphatic  vessels  and  nerves,  imbedded  in 
fatty  tissue. 

CAVITIES  OF  THE  HEART. 

The  heart,  as  before  remarked,  contains  four  chambers  or  compart- 
ments, a right  and  a left  auricle  and  a right  and  a left  ventricle. 

Fig.  166. — View  op  the  Heart 
and  Great  Vessels  from 
behind  (R.  Quain). 

1,  posterior  surface  of  the 
right  ventricle  ; 2,  the  same 
of  the  left ; 3,  the  right  pul- 
monary artery  near  the  division 
of  the  primary  trunk  ; 3', 

branches  of  the  right  pulmonary 
artery  passing  into  the  root  of 
the  right  lung  ; 3",  the  same  of 
the  left ; 4',  arch  of  the  aorta ; 
4",  descending  thoracic  aorta ; 5, 
right  auricle  ; 6,  is  placed  on  the 
division  between  the  right  and 
left  auricles  ; 7,  superior  vena 
cava  ; 7',  left  vena  innominata ; 
8,  trunk  of  the  inferior  vena 
cava ; 9,  right  large  hepatic 
vein  ; 10,  11,  12,  right  pul- 
monary veins  ; 13,  14,  left 
pulmonary  veins  ; +,  +,  pos- 
terior branches  of  the  right  and 
left  coronary  arteries. 


The  right  auricle  (fig.  165,  5)  is  best  brought  into  view  on  turning 
the  heart  somewhat  to  the  left  side  ; it  is  then  seen  to  occupy  the  right 
and  anterior  portion  of  the  base  of  the  organ.  When  thus  viewed  the 
auricle  appears  of  a quadrangular  form,  the  superior  and  inferior 
vente  cavae  (fig.  167,  1,  2),  occupying  respectively  the  upper  and 
lower  posterior  angles,  while  a tongue-shaped  portion,  the  auricular 
appendix  or  auricle  proper,  * is  seen  to  project  from  the  anterior  and 
upper  angle  and  to  turn  to  the  left  over  the  root  of  the  aorta.  The 
main  part  of  the  auricle,  that  into  which  the  great  veins  directly  pour 
their  blood,  is  commonly  named  sinus  venosus  or  atrium,  to  distinguish 
it  from  the  auricular  appendix.  When  opened,  the  interior  of  the  right 
auricle  presents  a smooth  and  even  surface,  except  in  the  appendix 
which  is  ridged  vertically  with  closely  set  reticulated  muscular  bands, 
and  upon  the  anterior  wall  of  the  sinus,  where  similar,  bundles  are  seen 
extending,  but  here  running  parallel  with  one  another,  like  the  teeth 
of  a comb,  and  thence  termed  musculi  pectinati. 

The  posterior  wall  corresponds  with  the  partition  between  the  two 
auricles  ( septum  auricula-rum).  Near  its  lower  part  and  just  above  and 
to  the  left  of  the  orifice  of  the  inferior  vena  cava  is  an  oval  depression, 
the  fovea  or  fossa  ovcilis  (fig.  167,  3'),  the  remains  of  the  foramen  ovale 
{vestigium  foraminis  ovalis),  which  is  an  open  passage  in  the  foetal  heart 
from  the  right  to  the  left  auricle.  The  fossa  ovalis  is  bounded  above 
and  at  the  sides  by  a prominent  border,  deficient  below,  the  annulus 

* So  termed  from  its  resemblance  to  the  external  ear  of  some  animals. 
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ovaUs  or 

was  prevwndy  a'’,;  j t t]ie  [cft  auricle  is  left  between  it 
a small  oblique  passage  leading  ““  t of  the  COTity  are  seen  the 

orifices6  0?  tlie^superior"  and  inferio?  carte  ; the  former  passing  down- 


1,  the  superior  vena 
cava  ; 2,  the  inferior  vena 
cava  at  the  place  where  it 
passes  through  the  dia- 
phragm ; 2',  the  hepa- 
tic veins  cut  short ; 3, 
placed  upon  the  tubercle 
of  Lower  within  the  cavity 
of  the  right  auricle  ; 3', 
placed  in  the  fossa  ovalis, 
the  Eustachian  valve  is 
just  below  ; 3",  is  placed 
close  to  the  aperture  of 
the  great  coronary  vein 
and  its  valve  ; + , + , 

the  auriculo  - ventricular 
groove,  a narrow  portion 
of  the  adjacent  walls  of 
the  auricle  and  ventricle 
having  been  preserved  ; 

4,  4,  on  the  right  side  of 
the  septum,  the  cavity  of 
the  right  ventricle  ; 4', 
large  anterior  columna 
camea ; 5,  the  anterior  ; 

5',  the  inferior,  and  5", 
the  septal  segment  of 

the  tricuspid  valve  ; 6,  , 

is  placed  in  the  interior  of  the  pulmonary  artery,  a part  of  the  anterior  wall  ox  that 
vessel  having  been  removed,  and  a narrow  portion  of  it  preserved  at  its  commencement 
where  the  pulmonary  valve  is  attached.  The  valve  is  represented  half-closed  ; two  of  the 
segments  are  seen  foreshortened,  the  third  sideways  ; 7,  concavity  of  the  aortic  arch  close 
to  the  cord  of  the  ductus  arteriosus  ; 8,  ascending  part  or  sinus  of  the  arch  covered  at  its 
commencement  by  the  auricular  appendix  and  pulmonary  artery  ; 9,  placed  between  the 
innominate  and  left  common  carotid  arteries  ; 10,  appendix  of  the  left  auricle  ; 11,  11, 
the  outside  of  the  left  ventricle,  the  lower  figure  near  the  apex. 


Fig.  167.— The  Right 
Auricle  and  Ven- 
tricle OPENED  AND  A 
PART  OP  THEIR  RIGHT 
and  Anterior  Walls 
REMOVED  SO  AS  TO  SHOW 
THEIR  INTERIOR  (Allen 
Thomson).  One-half 
the  Natural  Size. 


Fig.  167. 


wards  and  forwards,  the  latter,  the  larger,  being  directed  upwards  and 
inwards.  Between  the  two  orifices  is  a slight  projection,  better  marked 
in  certain  quadrupeds  than  in  man,  which  has  received  the  somewhat 
misleading  name  of  tubercle  of  Lower  (fig.  167,  3). 

In  front  of  the  orifice  of  the  inferior  cava,  and  partly  covering  it,  is  a 
crescentic  fold  of  the  lining  membrane,  the  Eustachian  valve.  This  is 
continuous  by  its  convexity  with  the  margin  of  the  venous  orifice,  and  its 
anterior  cornu  is  prolonged  into  the  anterior  limb  of  the  annulus 
ovalis.  This  valve,  which  is  very  variable  in  character  in  the  adult,  being 
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often  cribriform  or  perforated  with  holes,  is  an  important  structure  in 
the  total  heart,  and  serves  the  purpose  of  directing  the  stream  of  blood 
-from  the  inferior  cava  through  the  foramen  ovale  into  the  left  auricle 
.1  he  other  openings  into  the  right  auricle  are  1,— the  auriculo-ventricular 
cipo  hi)  o,  situate  in  front  of  the  inferior  vena  cava  and  occupying  the 
anterior  and  under  part  of  the  cavity : it  is  oval  in  form  and  large 
admitting  three  fingers  easily  ; 2,  the  orifice  of  the  large  coronary  vein  of 
the  heart  (fig.  1G7,  3'),  situated  between  the  inferior  cava  and  the 
auriculo- ventricular  opening  : this  is  guarded  by  a semicircular  valve 
sometimes  double,  which,  although  previously  figured  by  Eustachius,  is 
often  named  valve  of  Thebesius  ; 3,  openings  of  one  or  two  lesser 
cardiac  veins  from  the  surface  of  the  right  ventricle  ; and  4,  the  fora- 
mina of  Thebesius,  a number  of  small  pits  variously  situated,  some  of 
which  are  merely  recesses  closed  at  the  bottom,  whilst  others  are  the 
mouths  of  small  veins  {vence  minima  ccn'clis). 


Fig.  168. — View  of  the  Adult  Heart,  from 
BEHIND,  TO  SHOW  THE  CORONARY  VEINS  (Allen 
Thomson).  One-third  the  Natural  Size. 

a,  placed  on  the  hack  of  the  right  auricle, 
points  to  the  Eustachian  valve  seen  within 
the  opening  of  the  inferior  vena  cava ; b,  left 
auricle ; c,  right  ventricle  ; cl,  left  ventricle  ; c, 
vena  cava  superior  ; /,  arch  of  the  aorta ; 
1,  coronary  sinus  ; 2,  great  coronary  vein  turn- 
ing round  the  heart  in  the  auriculo-ventricular 
groove  ; 3,  4,  posterior  branches  ; 5,  one  of  the 
small  right  cardiac  veins  passing  directly  into 
the  right  auricle  ; 6,  the  vestige  of  the  left 
superior  vena  cava  proceeding  over  the  left 
auricle  downwards  to  join  the  coronary  sinus. 

The  coronary  vein  (fig.  168,  1)  is  con- 
siderably dilated  before  it  enters  the  auricle, 
and  this  dilated  portion,  which  is  imbedded 
in  the  posterior  wall  of  the  left  amide,  is 
termed  the  “ coronary  sinus.”  At  the  junc- 
tion of  the  coronary  vein  with  the 
dilated  portion  there  is  a valve  con- 
sisting of  one  or  two  segments.  Other 
small  veins  likewise  enter  the  coronary  sinus,  each  of  them  protected  by  a 
valve.  One  of  these  small  veins,  the  “oblique  vein”  of  Marshall  (fig.  168, 
6),  takes  a straight  course  from  the  vestigial  fold  before  mentioned,  over  the 
back  of  the  left  amide,  to  open  into  the  coronary  sinus.  This  vein  has  no  valve 
over  its  orifice  : it,  together  with  the  coronary  sinus,  is  to  be  looked  upon  as  the 
remnant  of  the  original  left  superior  cava  of  the  embryo  (vide  antea,  p.  242). 

The  right  or  anterior  ventricle  (fig.  165, 1)  occupies  the  chief  part 
of  the  anterior  surface  of  the  heart,  the  right  border,  and  a smaller 
portion  of  the  posterior  surface.  It  extends  nearly,  but  not  quite, 
to  the  apex.  The  upper  and  left  angle  is  prolonged  in  a conical 
form  to  the  commencement  of  the  pulmonary  artery  : this  part  of 
the  ventricle  is  named  conns  arteriosus,  or  infundibulum.  The  muscular 
wall  of  this  ventricle  is  thickest  at  the  base,  and  becomes  thinner 
towards  the  apex.  When  the  cavity  is  laid  open  (fig.  167)  the  septum 
of  the  heart  is  seen  to  bulge  into  it,  so  that  the  cross  section  is 
crescentic  in  form  (fig.  169).  At  the  base  of  the  ventricle  are  two 
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tiie  eight  ventricle. 

.c  . vnlves  • the  auriculo-ven tncular , of  an  oval 

orifices,  protected  by _ ^ ri  ht>  and  that  0f  the  pulmonary 

form,  and  situate  towc  towards  the  left.  Between  the  two 

downwards,  in  the  form  of  a thick 

Sty  to  the  wall  of  the  ventricle  and  are  free  in  the  middle,  others  are 

Fig.  169. — Cross  Section  of  the  Fig.  169. 

Ventricular  part  of  the 
Heart  at  two-thirds  from 
the  Apex  looking  downwards 
into  the  Cavities  (Allen 
Thomson).  2-3rds  the 
natural  size. 

1 1',  Wall  of  the  right  ventri- 
cle ; 2,  2',  wall  of  the  left ; 3,  3', 
septum  ; 4,  the  principal  papil- 
lary muscle  of  the  right  ventricle  , 

4',  some  columns?  cameffi  on  the 
septum  near  the  front  ; 4 , others 
posteriorly  near  the  septum  ; 5,  5 , 
the  principal  papillary  muscles  of 
the  left  ventricle  ; 6,  the  deepest 
part  of  the  cavity  of  the  right 
ventricle  ; 7,  that  of  the  left  ven- 
tricle at  the  apex  of  the  heart. 

only  sculptured  in  relief,  as  it  were,  being  continuous  with  the  wall  of 
the* ventricle  in  their  whole  length  ; while  a third  set,  forming  two  prin- 
cipal bundles,  an  anterior  (fig.  167,  4',)  and  a posterior  named  muscuh 
papillares,  are  connected  at  their  base  with  the  ventricular  wall,  and  bj 
the  other  end  are  attached  to  small  tendinous  cords  (chorda  tmdmece), 
through  which  they  are  connected  with  the  segments  of  the  auiicu  o- 
ventricular  valve.  ' The  inside  of  the  conus  arteriosus  is  smooth,  and 

free  from  columnse  carneas.  . . 

The  valve  guarding  the  right  auriculo-ven  tricular  opening  is  com- 
posed of  three  triangular  segments,  or  flaps  (anterior,  right  or  mterioi, 
and  posterior,  or  septal),  and  is  hence  named  the  tncuspid.  1 he  flaps 
are  mainly  formed  of  folds  of  the  endocardium,  enclosing  fibrous  tissue. 
At  their  bases,  they  are  continuous  with  one  another,  so  as  to  form  an 
annular  membrane  attached  around  the  margin  of  the  auricular  open- 
ing : they  are  directed  downwards,  and  are  retained  in  position  within 
the  ventricle  by  the  chordie  tendinese,  which  are  attached  to  their 
ventricular  surfaces  and  free  margins.  The  middle  part  of  each  seg- 
ment is  thicker  than  the  rest,  whilst  the  marginal  part  is  thin,  trans- 
parent, and  jagged  at  the  edges  (compare  fig.  173,  B,  e,  e). 


The  chorda;  tendineae  from  the  anterior  papillary  muscle  pass  to  the  cleft 
between  the  anterior  and  inferior  segments,  to  be  attached  to  both  : the  chordal 
tenclinefe  from  the  posterior  papillary  muscle  are  attached  in  like  manner  to  the 
posterior  and  inferior  segments  : while  others  forming  a third  set  spring  directly 
from  the  surface  of  the  septum,  sometimes  from  small  eminences  upon  it,  and 
pass  upwards,  to  be  attached  to  the  adjacent  borders  of  the  anterior  and  poste- 
rior segments. 

During  the  contraction  of  the  ventricle,  the  segments  of  the  valve  are  applied 
to  the  opening  leading  from  the  auricle,  and  prevent  the  blood  from  rushing 
back  into  that  cavity.  Being  retained  by  the  chorda?  tendineae,  the  expanded 
flaps  of  the  valve  resist  the  pressure  of  the  blood,  which  would  otherwise  force 
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t lem  back  through  the  auricular  orifice  ; the  papillary  muscles,  shortening 
t c cavity  of  the  ventricle  itself  shortens,  are  supposed  thus  to  prevent  the  valve 
lrom  yielding  too  much  towards  the  auricle.  In  the  angles  between  each  pair  of 
the  principal  segments  of  the  auriculo-ventricular  valves  there  may  be  found 
but  not  constantly,  as  many  small  intermediate  lobes. 

According  to  Kiirschner  (Wagner’s  Handworterbuch,  art.  “ Herzthatigkeit  ”1 
three,  kinds  of  cords  belong  to  each  segment ; a,  the  first  set,  generally  two  to 
four  m number  and  proceeding  from  two  different  sets  of  papilla;,  or  from  one  of 
these  and  the  wall  of  the  ventricle,  run  to  the  base  or  attached  margin  of  the 
segment,  and  are  there  connected  also  with  the  tendinous  ring  round  the  auriculo- 
ventricular  opening  ; b,  the  second  set,  more  numerous,  and  smaller  than  the 
first,  proceed  also  from  two  adjacent  papillary  muscular  groups,  and  are  attached 
at  intervals  to  the  back  or  ventricular  surface  of  each  segment  along  two  or 
more  lines  extending  from  the  points  of  attachment  of  the  tendons  of  the  first 
order  at  the  base  of  the  valve  to  near  its  free  extremity  ; c,  the  third  set,  which 
are  still  more  numerous  and  much  finer,  branch  off  from  the  preceding  ones,  and 
are  attached  to  the  back  and  edges  of  the  thinner  marginal  portions  of  the 
valves.  A few  muscular  fibres  prolonged  from  the  neighbouring  walls  penetrate 
into  the  segments  of  the  auriculo-ventricular  valves. 


A fibrous  band,  sometimes  muscular,  is  often  found  stretching  across 
the  cavity  of  the  right  ventricle  from  the  base  of  the  anterior  papillary 
muscle  to  the  septum.  It  represents  the  strong  “moderator”  band 
found  in  the  heart  of  the  ox  and  of  some  other  animals. 

The  valve  at  the  orifice  of  the  pulmonary  artery  consists  of  three 
flaps,  a right  and  left  anterior  and  a posterior,  named  from  their  shape 
semilunar  or  sigmoid  (figs.  167, 6 ; 172  I) : * they  are  constructed  similarly 
to  those  on  the  left  side  at  the  root  of  the  aorta  : and  as  the  characters 
of  the  last  named  are  better  marked,  the  more  complete  description 
will  be  reserved  until  these  are  treated  of. 

The  left  auricle  (fig.  170,  1')  occupies  the  left  and  posterior  part 
of  the  base  of  the  heart.  The  atrium  presents  from  behind,  where 
it  is  best  seen,  a quadrilateral  appearance.  In  front  it  is  in  con- 
tact with  the  aorta  and  pulmonary  artery  ; behind,  it  receives  two 
pulmonary  veins  on  each  side,  those  from  the  left  lung  entering 
very  close  together  ; on  the  right,  it  is  in  contact  with  the  other 
auricle.  The  auricular  appendage  (fig.  165,  6)  is  the  only  part  of  the 
left  auricle  seen  from  the  front  : it  extends  forwards  from  the  left  side 
of  the  atrium,  and  curves  towards  the  right  side,  resting  on  the  pulmo- 
nary artery.  It  is  more  curved  as  well  as  longer  and  narrower  than 
that  of  the  right  auricle,  and  its  margins  are  more  deeply  indented. 

The  interior  of  the  appendix  presents  musculi  pectinati  somewhat  * 
similar  to  those  in  the  right  side  of  the  heart,  but  the  walls  of  the  sinus 
venosus  are  altogether  smooth  and  even,  and  are  also  thicker  than  those 
of  the  right  auricle.  Posteriorly^the  openings  of  the  pulmonary  veins  are 
seen,  usually  two  on  each  side,  and  without  valves  (fig.  170,  1).  The 
two  veins  of  one  or  both  sides  sometimes  unite  into  one  before  enter- 
ing the  auricle,  whilst  in  other  cases  there  is  found  an  additional  open- 
ing, most  frequently  on  the  right  side.  In  the  lower  and  fore  part  of 
the  auricle  is  situated  the  left  auriculo-ventricular  orifice.  It  is  of  an 
oval  form,  and  is  rather  smaller  than  the  corresponding  opening  between 
the  right  auricle  and  ventricle.  On  the  septum  between  the  auricles,  a 

* Sibson  proposes  to  term  the  whole  apparatus  guarding  the  arterial  orifices  the 
aortic  or  pulmonary  valve,  reserving  the  terms  semilunar  and  sigmoid  to  denote  the 
individual  flaps  or  segments. 
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the  left  ventricle. 


, . oTT  r._  observed  (1'),  comparable  to  a mark  made 

lunated  depression  may  surface  This  is  the  vestige  of  the 

by  the  finger-mU  ^J0o®r!eft  sicle.  The  depresrion  is  limited 
foramen  ovale,  as  lfc.TO  ^ concavity  of  which  is  turned  upwards, 
by  a slight  crescentic  i * > now  adherent  membranous  valve, 

and  which  is  in/^  ^^^Xd  to  the  left  side  of  the  then  open 
feamenTale  The  line  of  adhesion  may  vary  so  as  to  leave  more  or 
less  of  a pocket-like  lecess. 


Fig.  170. — The  Left  Auricle 
and  Ventricle  opened  and 
a PART  OF  THE  WALL  RE- 
MOVED SO  AS  TO  SHOW  THE™ 

Interior  (Allen  Thom- 
son). One-half  the  natur- 
al SIZE. 

The  commencement  of  the 
pulmonary  artery  has  been  cut 
away,  so  as  to  show  the  aorta  . 
the  opening  into  the  left  ven- 
tricle has  been  carried  a short 
distance  into  the  aorta  between 
two  of  the  semilunar  . flaps  ; 
part  of  the  auricle  with  its 
appendix  has  been  removed. 

1,  the  two  right  pulmonary 
veins  cut  short  ; 1',  placed 

within  the  cavity  of  the 
auricle  on  the  left  side  of  the 
septum  and  on  the  part  which 
forms  the  remains  of  the  valve 
of  the  foramen  ovale,  of 
which  the  crescentic  border  is 
seen  ; 2',  a narrow  portion 
of  the  wall  of  the  auricle  and 
ventricle  preserved  around  the 
auriculo-ventricular  orifice  ; 3, 
the  left  part,  3',  the  right  paid, 
towards  the  septum,  of  the 
cut  surface  of  the  wall  of  the 
ventricle,  seen  to  become  very 
much  thinner  towards  3",  at 
the  apex  ; 4,  a small  part  of 
the  wall  of  the  left  ventricle 
which  has  been  preserved  with 
the  principal  anterior  or  left 
papillary  muscle  attached  to 
it ; 5,  5,  the  large  posterior  or 

right  papillary  muscles  ; 5',  the  , . 

left  side  of  the  septum  ventriculorum  ; 6,  the  right  or  aortic  segment,  and  6 , the  leit  oi 
parietal  segment  of  the  mitral  valve  ; 7,  placed  in  the  interior  of  the  aorta  near  its  com- 
mencement and  above  its  valve  ; T,  the  exterior  of  the  great  aortic  sinus  ; 8,  the  uppei 
part  of  the  conus  arteriosus  with  the  root  of  the  pulmonary  artery  and  its  semilunar 
valves ; 8’,  the  separated  portion  of  the  pulmonary  artery  remaining  attached  to  the 
aorta  by  9,  the  cord  of  the  ductus  arteriosus  ; 10,  the  arteries  rising  from  the  summit 
of  the  aortic  arch. 


The  left  or  posterior  ventricle  occupies  the  left  border  of  the 
heart,  but  only  about  a third  of  its  extent  appears  on  the  anterior  sur- 
face, the  rest  being  seen  behind.  It  is  longer  and  narrower  than  the  right 
ventricle,  and  the  cross  section  of  its  cavity  is  oval,  not  crescentic,  the 
septum  on  this  side  being  concave  (fig.  169).  Its  walls,  which,  excepting 
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near  the  apex,  are  three  times  as  thick  as  those  of  the  right  ventricle 
are  thickest  at  the  part  where  the  ventricle  is  widest,  about  one-fourth 
ot  its  length  from  the  base  (fig.  170,  3,  3');  from  this  point  they 
become  thinner  towards  the  auricular  opening,  and  still  thinner  towards 
the  apex  (3"),  which  is,  therefore,  the  weakest  part.  The  lining  mem- 
brane, which  is  continuous  with  that  of  the  left  auricle  and  the  aorta,  is 
usually  less  transparent  than  that  of  the  right  ventricle,  especially  in 
later  life.  In  the  interior  of  the  cavity  are  noticed  column®  carneae 
musculi  papillares  with  chord®  tendine®,  and  two  orifices  guarded  with 
valves.  The  columns  carnm  are  smaller  than  those  of  the  right  ven- 
tricle, but  are  more  numerous  and  more  closely  reticulated.”  Their 
intersections  are  very  numerous  near  the  apex  of  the  cavity,  and  also 
along  its  posterior  wall,  but  the  upper  part  of  the  anterior  wall  and 
septum  is  comparatively  smooth.  The  musculi  papillares  (4,  5)  are  col- 
lected into  two  groups,  which  are  larger  than  those  of  the  right  ven- 
tricle. The  two  orifices  of  this  ventricle  are  situated  very  close  together, 
with  one  of  the  segments  (fig.  171,  6)  of  the  auriculo-ventricular  valve 


Fig.  171. 


Fig.  171.— View  op  the  Base  op  the  Ventricular  Part  op  the  Heart,  showing 

THE  RELATIVE  POSITION  OF  THE  ARTERIAL  AND  AURICULO-VENTRICULAR  ORIFICES 

(Alien  Thomson).  Two-thirds  the  Natural  Size. 

The  muscular  fibres  of  the  ventricles  are  exposed  by  the  removal  of  the  pericardium, 
fat,  bloodvessels,  &c. ; the  pulmonary  artery  and  aorta  and  the  auricles  have  been  re- 
moved. The  valves  are  in  the  closed  condition.  A,  is  placed  opposite  that  part  which 
is  most  anterior  when  the  organ  is  in  the  natural  position  within  the  body.  1,  1,  right 
ventricle  ; 1',  conus  arteriosus  ; 2,  2,  left  ventricle  ; 3,  3,  the  divided  wrall  of  the  right 
auricle  ; 4,  that  of  the  left ; 5,  the  anterior,  5',  the  right  (or  inferior),  and  5",  the 
septal  segment  of  the  tricuspid  valve  ; 6,  the  anterior  or  aortic,  and  6',  the  posterior 
or  parietal  segment  of  the  mitral  valve.  In  the  angles  between  these  segments  are  seen 
smaller  fringes  ; 7 , the  pulmonary  artery  ; 8,  placed  upon  the  root  of  the  aorta  ; 9,  the 
posterior,  9',  the  anterior  coronary  artery. 


between : the  auricular  opening  is  placed  at  the  left  and  posterior  part 
of  the  base  of  the  ventricle  ; the  aortic  opening,  in  close  proximity  in 
front  and  towards  the  right. 

The  bicuspid  or  mitral  valve,  at  the  left  auricular  opening,  resembles 
in  structure  the  tricuspid  valve  of  the  right  ventricle,  but  it  is  much 


aortic  yalye. 
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thicker  and  stronger  in  all  its  Etc 

segments,  continuous  at  reir  a a ^ ariI]  jn  front  of  the  other, 

segments  is  suspended  obliqi^y  . * the  smaller  to  the  left  and 

between  the  auricular  <_  * lof  the  ventricle.  There  is  usually  a 

P° nllPv°lobeaat  each  angle  of  junction  of  the  two  principal  segments, 
smaller  lobe  at  each  a g J the  seg.ments  of  the  tricuspid  valve. 

TrrffifK)  sets  of  chords  tendinem  from  the 

An  5fJIf  nroceed  each  to  an  angle  between  the  two  segments, 

and1  ar(f attached  m like  manner  to  their  margins  and  ventricular  sur- 
and  are  attaclieu  i ^ that  the  nmsculi  papillares,  when  they 

whrf8tencktobrin»'  the  edges  of  the  flaps  together.  The  chordae 
tenlinem  a“e staonge^and  less  numerous  thaf  in  the  right  ventricle 
The  arterial  or  aortic  orifice  circular  in  form,  and  smaller  than  the 
auricute!Ts  separated  froin  it  only  by  the  attachment  of  the  anterior 

SG  As^n  the^puhnonary  artery,  its  valve  consists  of  three  semicircular 
flaps  ( semilunar  or  sigmoid ,)  (fig.  172,  II)  each  of  which  is  attached  by  its 


Fig.  172. 


Fig.  172. The  Semilunar  Valves  of  the  Aorta  and  Pulmonary  Artery,  seen 

from  their  Distal  Side  (Allen  Tliomson). 

I transverse  section  of  the  pulmonary  artery  immediately  above  the  attachment  of  the 

semilunar  valves:  a,  the  left,  and  c,  the  right  anterior  segments;  b,  the  posterior- 
segment  : opposite  each  the  sinus  of  Valsalva  is  seen,  and  between  them  the  attachment 
of  the  valve -segments  to  the  inner  wall  of  the  artery.  . 

II  a similar  section  of  the  aorta : a,  the  left  posterior  segment,  and  b,  the  anterior 
segment,  with  the  corresponding  sinuses  of  Valsalva,  from  which  the  coronary  arteries 
are  seen  to  take  their  origin  ; c,  the  right  posterior  segment  ; d , the  posterior,  and  e, 
the  anterior  coronary  arteries.* 

A,  in  each  case,  as  in  fig.  171. 

convex  border  to  the  side  of  the  artery  at  the  place  where  it  joins  the 
ventricle,  whilst  its  other  border,  nearly  straight,  is  free,  and  projects  into 
the  interior  of  the  vessel.  The  segments  are  composed  of  duplicatures 
of  the  endocardium,  and  of  enclosed  fibrous  structure,  which  varies  in 
thickness  at  different  parts.  A tendinous  band  strengthens  the  free 
edge  of  the  valve,  and  at  the  middle  of  that  margin  there  is  a slight 

* As  a result  of  the  study  of  sections  made  from  frozen  bodies,  it  would  appear  that  the 
above  nomenclature  most  correctly  describes  the  natural  position  of  the  valve-segments. 
Those  of  the  pulmonary  valve  are,  however,  more  commonly  known  as  an  anterior,  a , and 
two  posterior  ; those  of  the  aortic,  as  a posterior,  c,  and  two  anterior. 
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.!  *;  °-cartilaginous  thickening,  the  nodulus  or  corpus  Arantii  (fig.  173  n .3) 
Uthcr  tendinous  fibres,  arising  from  the  attached  border,  run  in  the 
valve  towards  the  nodule  ; occupying  its  whole  extent,  except  two  narrow 


Fig.  173. 


Fig.  173. — Views  of  parts  op 
the  Semilunar  and  Mitral 
Valves,  as  seen  from  within 
tiie  Ventricle  (Allen  Thom- 
son). 

A,  portion  of  the  pulmonary- 
artery  and  wall  of  the  right  ven- 
tricle with  one  entire  segment  and 
two  half  segments  of  the  valve  ; 

a,  half  the  sinus  of  Valsalva  of 
the  left  anterior  segment ; b,  the 
same  of  the  posterior  segment ; 
c,  the  entire  right  anterior 
sinus  (see  fig.  172,  I,  in  which 
the  lettering  is  the  same  as  in 
the  present  figure) ; cl,  d',  inner 
surface  of  the  ventricle;  1,  the 
attachment  of  the  extremities  of 
the  segments  to  the  inner  wall 
of  the  artery ; 2,  the  middle 
of  the  attached  border  of  the 
segments  ; 3,  the  middle  of  the 
free  border  (corpus  Arantii). 

B,  portion  of  the  aorta  and  wall 
of  the  left  ventricle  with  one  entire 
segment  and  two  half  segments  of 
the  aortic  valve,  and  the  right 
or  anterior  segment  of  the  mitral 
valve  ; a,  half  the  left  posterior 
segment  and  sinus  of  Valsalva ; 

b,  the  left  anterior  ; c,  the  right 
posterior  sinus  of  Valsalva  and 
segment  entire  ; in  a,  and  b,  the 
apertures  of  the  coronary  arteries 
are  seen  ; d,  d',  the  inner  surface 
of  the  wall  of  the  ventricle  ; 1,  2, 
and  3,  as  before  ; e,  e',  the  base 
of  the  anterior  segment  of  the 
mitral  valve  ; /,  its  apex ; between 
e,  and  e',  and  /,  the  attachment 
of  the  branched  chord®  tendine* 
to  the  margin  and  outer  surface  of 
the  valve  segment ; g,  the  poste- 
rior or  right  principal  musculus 
papillaris  ; h,  the  anterior  or  left 
principal  musculus  papillaris  : the 
cut  chord®  tendinese  are  those 
which  belong  to  the  posterior 
segment  and  the  small  or  inter- 
mediate segments. 


lunated  portions,  one  on  each  side,  adjoining  the  free  margin  of  the 
valve.  These  parts,  which  are  named  lunuloc  (fig.  173,  B),  are 
therefore  thinner  than  the  rest.  There  is  also  a strengthening 
fibrous  cord  surrounding  the  attached  border  of  each  valve.  Tbe  wall 
both  of  the  aorta  and  pulmonary  artery  is  bulged  out  opposite  each 
semilunar  flap  : these  bulgings  are  known  as  the  sinuses  of  Valsalva. 
In  the  aorta  these  are  situated  one  anteriorly  and  two  posteriorly  (right 
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nnd  left)  From  the  anterior  arises  the  right  coronary  artery ; from 
Se  left  posterior  the  left  coronary  artery  : these  vessels  bemg  for  the 

supply  of  blood  to  the  Valsalva  is  greater,  and  the  tendinons 

than  at  th.  comnj^nt  of lie  at  firBt  againBt 

"he  blood  to  flow  fteely  past  them  ; 
hut  when  the  column  of  fluid  in  the  artery  is  partially  thrown  back 
by  the  elasticity  of  the  coats  of  that  vessel  the  sigmoid  valves  are 
floated  back  by  the  refluent  blood,  and  completely  close  the  arterial 
orifice.  When  the  valves  are  thus  closed,  the  whole  free  bolder  and 
the  thin  lunated  parts  are  closely  applied  to  each  other,  and  are  held 
together  as  well  as  exempted  from  strain,  by  the  opposite  and  equal 
nrfssure’of  the  blood  on  either  side,  so  that  the  greater  the  pressure 
the  more  accurate  must  be  the  closure.  The  force  of  the  reflux  is  sus- 
tained by  the  stouter  and  more  tendinous  part  of  the  valve. 

The  part  of  the  ventricle  adjoining  the  root  of  the  aorta  forms  a 
small  compartment,  the  “ aortic  vestibule  of  Sibson,  the  walls  of  which 
are  fibrous,  or,  in  some  parts,  fibro-cartilaginous,  so  that  it  remains 
uncollapsed,  and  allows  space  for  the  bulging  flaps  of  the  aortic  valve 
to  descend  during  diastole,  besides  allowing  for  the'  closure  of  the 
mitral  valve  during  extreme  contraction  of  the  ventricle. 


POSITION  OP  THE  PARTS  OP  THE  HEART  WITH  RELATION  |TO  THE  WALL 

OF  THE  THORAX. 

The  following  statements  are  derived  mainly  from  the  observations 
of  Luschka  and  Allen  Thomson : they  have  been  carefully  compared 
with,  and,  where  necessary,  modified  from  those  of  other  observers.* 

Nearly  two-thirds  of  the  bulk  of  the  heart  lie  to  the  left  of  the  middle 
line  (fig.  174).  The  upper  edge  of  the  auricles  corresponds  with  a linn 
extending  across  the  sternum  from  the  second  right  into  the  first  left 
intercostal  space.  The  right  auricle  (S')  extends  laterally  from  about  an 
inch  beyond  the  right  border  of  the  sternum  to  the  middle  of  the  left 
half  of  that  bone,  and  vertically  from  the  middle  of  the  second  right 
cartilage  to  the  lower  border  of  the  fourth.  The  point  of  the  right  auri- 
cular appendage  is  exactly  behind  the  middle  line  on  a level  with  the 
upper  border  of  the  third  costal  cartilages  (3).  The  left  auricle 
extends  vertically  from  the  level  of  the  second  left  intercostal  space 
to  the  upper  border  of  the  fourth  left  cartilage  ; and  in  breadth 
corresponds  to  the  body  of  the  eighth  dorsal  vertebra  and  the  head  of  the 
adjoining  rib.  The  apex  of  the  left  auricular  appendage  (4)  is  in  the 
lower  part  of  the  second  intercostal  space  or  behind  the  third  costal 
cartilage,  about  an  inch  and  a quarter  from  the  left  of  the  sternum. 

* Luschka,  Die  Brustorgane,  1857;  and  Anatomie  des  Menschen,  &c.,  1863  ; Walshe, 
Diseases  of  the  Heart  and  Great  Vessels  ; Sibson,  On  the  Normal  and  Abnormal  Situation 
and  Structure  of  the  \ iscera  of  the  Chest,  in  Trans,  of  the  Provinc.  Med.  and  Surg. 
Assoc.,  vol.  xii.,  year  1842,  and  in  his  Work  on  Medical  Anatomy,  also  article  on  the 
Position  and  hormof  the  Heart,  in  Reynolds’  System  of  Medicine,  vol.  iv.  ; Allen  Thomson, 
Notice  of  the  case  of  E.  G-roux,  &c.,  with  Observations  on  the  Position  and  Actions  of 
the  Heart,  in  Glasgow  Med.  Journ.,  April,  1858  ; Pirogoff,  Anatomia  Topographica  ; 
Lraune,  Topographisch-Anatomischer  Atlas  ; Le  Gendre,  Anatomie  Chirurgicale  Homo- 
lographique.  The  three  last-mentioned  publications  give  the  results  obtained  by  means 
of  sections  of  the  chest  at  different  levels,  made  whilst  frozen. 
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Fig.  174, 


Fig.  174.— Semi-diagrammatio  representation  op  the  Chest,  to  show  the  positi  - 
OF  THE  Heart  and  Great  Vessels,  as  seen  behind  the  Sternum  and  Costal 
Cartilages  (from  Luschka  and  A.  Thomson).  One-fourth  the  natural  size. 

The  lungs  have  shrunk  from  the  front  of  the  chest.  The  heart  is  slightly 
than  during  life,  and  the  aorta  more  to  the  right,  a,  right  clavicle;  6,  scalenus 
anticus  muscle;  c,  stemo -mastoid  muscle  divided;  d,  pectoral  muscles  ’ 

+ , axillary  nerves  above  the  subclavian  artery  ; e,  trachea  below  the  isthmus  of  t _ 
thyroid  body  ; /,  /,  upper  surface  of  the  diaphragm  ; g,  g,  surface  of  the  lungs, 
</,  on  the  left  side,  apex  of  the  lung  or  pleura  appearing _in ^ the  neck  , fc, 
y left  lobe  of  the  liver  ; i,  stomach  ; k,  k,  transverse  colon ; I,  to  X,  first  to  tentn 
’ their  cartilages  • 1,  placed  on  the  lower  part  of  the  manubrium  of  the  sternum,  • 
on  the  place  of  the  arch  of  the  aorta  indicated  by  dotted  lines  ; 2, 'placed  in  secwi  _ 

intercostal  space,  on  the  stem  of  the  pulmonary  artery  ; 3,  appendix  of  the  righ > 1 ^ 

3',  on  the  sinus  vcnosus,  behind  the  third  space  ; ,3",  its  lower  pa  a Jl  appendix; 
the  sixth  and  seventh  right  costal  cartilages  with  the  sternum , 4,  left  auricular  app 
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5 5 right  ventricle  ; 6,  left  ventricle  ; 6',  apex  of  the  heart : the  white  line  outside  the 

by  a transverse  ^ “7*7,7  innominate  vein*  ; the  right  tiring  behind 

subclavian  v eins,  Jon  . J ° crossing  obliquely  behind  the  upper  half  of  the 

the  stamo-clavicii . . ; • ^ f tll,  inuominate  artery,  left  carotid  and  left 

manubrium.  The  positron i of P“‘  ftjs  yein  y v r>utcr  part  of  llie  sub. 

cS"Xh?%'isto  be  observed  that  in  this  figure  the  attachment  of  the  sixth  costal 
-cartilage  to  the  sternum  is  represented  a little  too  high. 

The  ric/ht  ventricle  extends  from  above  down  from  the  third  to  the 
sixth  cartilages  on  the  left  side*  The  conns  arteriosus  is  its  most 
projecting  part,  being  uncovered  by  lung.  The  auncuh-ventmular 
sulcus  corresponds  with  a line  drawn  obliquely  upwards  from  near  the 
sternal  end  of  the  6th  costal  cartilage  on  the  right  side,  to  the  ord  car- 
tiiao-e  on  the  left.  The  rounded  margin  formed  by  the  left  ventricle 
extends  on  the  left  side  from  the  3rd  cartilage  to  a point  in  the  fifth 
■space  two  inches  vertically  below  the  nipple.  The  sharp  margin  formed 
bv  the  right  ventricle  passes  from  the  sternal  end  of  the  6th  cartilage  on 
the  right,  and  crosses  behind  the  7th  right  cartilage,  the  ensiform  (at 
its  upper  third),  and  the  7th  left  cartilage,  to  meet  the  other  margin 


at  the  apex. 

The  apex  of  the  heart  (fig.  174,  6')  is  situated  about  3|  inches  to  the 
left  of  the  middle  line,  in  the  fifth  intercostal  space,  close  to  the  upper 
margin  of  the  sixth  rib. 

The  auriculo-ventricular  openings  lie  slightly  to  the  right  of  the  line 
of  the  auriculo-ventricular  sulcus.  The  tricuspid  orifice  lies  behind  the 
lower  fourth  of  the  sternum,  its  upper  border  being  on  a level  with  the 
fourth  cartilages.  The  left  auriculo-ventricular  opening  extends  from 
the  3rd  space  to  the  5th  cartilage  behind  the  left  half  of  the  sternum. 
The  orifice  of  the  pulmonary  artery  is  placed  immediately  to  the  left 
of  the  sternum,  behind  the  edge  of  that  bone  and  the  3rd  cartilage  ; 
the  aortic  orifice , also  partly  behind  the  left  half  of  the  sternum,  is  on  a 
slightly  lower  level  than  the  orifice  of  the  pulmonary  artery  (being 
opposite  the  lower  part  of  the  3rd  cartilage  and  the  3rd  intercostal 
space),  and  is  covered  by  it  in  one-fourth  its  diameter.  The  aortic 
orifice  is  exactly  behind  the  posterior  wall  of  the  conus  arteriosus. 


INTIMATE  STRUCTURE  OP  THE  HEART. 

The  substance  of  the  heart  consists  chiefly  of  muscular  tissue ; hut 
besides  this  a certain  amount  of  fibrous  and  fibro-cartilaginous  tissue 
is  met  with,  collected  principally  at  the  base  of  the  ventricles  around 
the  ventricular  orifices. 

Fibro-cartilage  and  fibrous  tissue. — In  the  angle  between  the 
aortic  and  the  two  auriculo-ventricular  openings  (see  fig.  171,  close 
to  8)  a fibro-cartilaginons  mass  is  found,  which  in  some  animals,  as  the 
ox  and  elephant,  is  bony,  and  is  known  as  the  os  cordis.  From  this 
central  fibro-cartilage  processes  pass  in  various  directions.  One  of  these, 
extending  downwards  to  meet  the  fleshy  septum  of  the  ventricles, 
separates  the  left  ventricle  from  the  right  auricle,  forming  the  right 
boundary  of  the  aortic  vestibule.  These  processes  form  the  bases  of 
what  have  been  described  by  authors  as  the  fibrous  or  tendinous  rings  of 
the  auiidilo-yentricular  and  arterial  openings.  The  fibrous  tissue  of 
these  rings  is  continuous  with  that  which  is  found  in  the  segments 

These  are  sometimes  termed  the  “ cardiac  cartilages.” 
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of  the  valves,  strengthened  on  the  sides  next  the  septum  by  the 
processes  from  the  fibro-cartilage.  The  rings  of  the  arterial  orifices 
give  attachment  below  to  some  of  the  muscular  fasciculi  of  the  ventricle, 
whilst  above  they  present  an  uneven  edge  with  three  deep  semilunar 
notches,  to  which  the  middle  coat  of  the  artery  and  the  flaps  of  the 
valve  are  firmly  attached.  The  fibres  of  the  middle  coat  of  the  artery, 
here  comparatively  thin,  are  not  arranged  annularly,  as  in  other  parts 
of  the  vessel,  but  converge  to  the  intervals  between  the  sinuses  of 
Yalsalva,  to  be  attached  to  the  fibrous  rings. 

The  tendinous  rings  of  the  aortic  and  left  auricular  orifices  are  con- 
fluent, so  that  when  the  fibrous  tissue  is  destroyed  by  boiling  the  two 
apertures  run  into  one. 


This  figure  is  planned  after  one 
of  Luschka’s,  hut  its  details  were 
chiefly  taken  from  an  original 
preparation.  The  aorta,  b',  and 
pulmonary  artery,  a',  have  been 
cut  short  close  to  the  semilunar 
waives,  so  as  to  show  the  anterior 
fibres  of  the  auricles,  a,  super- 
ficial layer  of  the  fibres  of  the 
right  ventricle  ; b,  that  of  the 
left  ; c,  c,  anterior  interventricu- 
lar groove,  from  which  the  coron- 
ary vessels  have  been  removed, 
d,  right  auricle  ; d',  its  appendix, 
both  showing  chiefly  perpendicular 
fibres  ; e,  upper  part  of  the  left 
auricle  ; between  e,  and  b',  the 
transverse  fibres  which  behind  the 
aorta  pass  across  both  auricles 
c\  appendix  of  left  auricle  ; /,  su- 
perior vena  cava,  around  which, 
near  the  auricle,  circular  fibres 
are  seen  ; g,  (j , right  and  left  pulmonary  veins  with  circular  bands  of  fibres  surrounding 
them. 


Fig.  175. 


Fig.  175. — Anterior  view  op 
Heart  op  a Young  Subject 

DISSECTED  AFTER  BOILING,  TO 

show  the  Superficial  Mus- 
cular Fibres,  two-thirds 
the  natural  size.  (Allen 
Thomson). 


Muscular  tissue. — The  microscopical  characters  of  the  muscular 
tissue  of  the  heart  have  been  already  considered  (p.  119).  It  lemams, 
however,  to  notice  the  general  course  and  arrangement  o _ , 
fasciculi  (or  “ fibres,”  as  they  are  ordinarily  termed),  m the  auricles 
and  ventricles  respectively,  for  the  muscular  bundles  of  the  wo  a 
not  continuous,  being  only  connected  by  the  fibrous  tissue  aioun 
auriculo-ventricular  orifices:  in  conformity  with  this  it  is  seen  n 
after  boiling  the  heart  the  auricles  may  be  easily  separated  from 

y ^Fibres  of  the  auricles.— These  consist  of  a superficial  set,  common 
to  both  cavities,  and  of  deeper  fibres  proper  to  each.  The  ■ ’ 

common  or  transverse  fibres  run  transversely  over  both  venous  sinus  , 
near  the  base,  and  are  most  numerous  on  the  anterior  surt  > 
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some  of  them  pass  in  at  the  inter-auricular  septum  (fig.  175)  The 
deeuer  fibres  which  are  proper  to  each  auricle,  consist  of  two  sets,  viz., 
the  looped  and  the  annular  fibres  The  looped fibres ipass  over  the 
auricle  and  seem  to  be  attached  by  both  extremities  to  the  correspond- 
rCll“Sular  rings.  _ The  annular  fibres;  encircle .the 
auricular  annendaues  (fig.  175,  tt,  176,  «')>  some  longitudinal  fibres 
runnino-  within  them.  These  annular  fibres  also  surround  the  entrances 
Of  the  venal  cava;  (f,  it  on  the  right,  and  of  the  coronary  vein  and  the 
pulmonary  vefi  on  the  left  side  of  the  heart  (y  /t), -the  muscular 
fibres  extendi iv  for  some  distance  from  the  auricle  upon  the  veins, 
especially  uponldie  superior  vena  cava  and  the  pulmonary  veins.  _ 
Fibres  of  the  ventricles.— The  muscular  fasciculi  of  the  ventricles 
have  a very  intricate  disposition,  which  has  received  great  attention 
from  anatomists.  Many  of  the  statements,  however,  are  conflicting, 
and  it  must  be  confessed  that  the  subject  still  admits  of  further 
investigation. 


It  is  chiefly  the  constant 
twisting  and  overlapping 
of  the  several  bundles 
which  renders  difficult  the 
investigation  of  their  course 
and  disposition.  In  order  to  unravel  them  with  any  degree  of  success,  it 
is  best  to  boil  the  slightly  distended  heart  for  a short  time,  so  as  to 
soften  the  connective  tissue,  and  then  carefully  to  dissect  the  organ  in 

part  by  cutting  and  in  part  by  tearing  asunder  the  fibres  with  blunt 
instruments* 

The  surface  fibres  of  the  ventricles  (figs.  175,  176,  177)  extend  from 
t le  base,  where  they  are  attached  to  the  tendinous  structures  around 


Fig.  176. — Posterior  view  op 

THE  SAME  PREPARATION  AS 
IS  REPRESENTED  IN  THE  PRE- 
CEDING figure  (Allen  Thom- 
son). 

a,  posterior  surface  of  the 
right  ventricle  with  its  super- 
ficial muscular  fibres  dissected  ; 

b,  the  same  of  the  left  ventricle  ; 

c,  posterior  interventricular 
groove,  from  which  the  coronary 
vessels  have  been  removed  ; cl, 
right  auricle  ; c,  the  left,  show- 
ing some  transverse  fibres  common 
to  both  auricles,  and  others  be- 
longing to  each  ; /,  superior  vena 
cava  ; g,  <j'  pulmonary  veins  cut 
short ; h,  sinus  of  the  great 
coronary  vein  covered  by  muscular 
fibres  ; h'  posterior  coronary  vein 
joining  the  principal  one  ; i,  in- 
ferior vena  cava  ; i'  Eustachian 
valve. 


Fig.  176. 


tlm  jq  qnrmncspri  i °nP*10n>  the  heart,  in  the  following  account  of  the  course  of 

the  fibics,  is  supposed  placed  apex  downwards,  and  with  the  anterior  and  posterior  sur- 
faces about  equally  occupied  by  the  two  ventricles  (as  represented  in  figs.  175,  176). 
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the  orifices,  towards  the  apex  of  the  heart,  where  they  pass  with  an 
abrupt  twist  into  the  interior  of  the  left  ventricle.  Their  general 
direction  is  not  vertical  but  oblique,  especially  in  front  (fig.  177),  just 
as  if  while  the  base  of  the  organ  remained  fixed  the  apex  had  been 
twisted  half  round  in  the  direction  of  the  hands  of  a watch.  They 
form  a distinct  thin  superficial  stratum,  best  marked  at  the  back  of 


Fig.  177. — Surface  Fibres  op  Ventricles  of  Human  Heart  from  the  front  and 

below  (Reid). 

5,  bundle  of  fibres  emerging  from  the  interior  of  the  left  ventricle  at  the  vortex  a, 
and  crossing  the  lower  part  of  the  septum  uninterruptedly.  At  d the  surface  fibres  are 
somewhat  interrupted. 

the  right  ventricle,  for  here  the  direction  of  the  fibres  is  quite  different 
from  those  immediately  beneath.  At  the  back  they  pass  over  the 
septum  without  turning  in  : at  the  front  they  are  somewhat  interrupted 
by  fibres  which  come  out  from  the  septum  ; except  towards  the  base 
and  apex,  where  they  cross  uninterruptedly  from  one  ventricle  to  the 
other  (fig.  177). 

To  trace  the  further  course  of  the  surface  fibres  it  is  necessary  to  open 
the  left  ventricle.  When  this  is  done,  and  the  endocardium  cleared 
away,  it  is  seen  that  there  are  here  two  sets  of  fibres  with  which  the 
superficial  fibres  become  continuous.  The  first  of  these  consists  of 
bundles  derived  mainly  from  the  left  (or  anterior)  set  of  papillary 
muscles,  which  pass  down  to  the  apex  of  the  cavity,  turning  as  they 
emerge  in  a half  circle  around  the  front  of  the  apex  to  the  right  side 
(fig.  178,  l).  They  are  continuous  on  the  outside  chiefly  with  those 
superficial  fibres  which  cross  the  lower  part  of  the  septum  in  frout, 
and  which,  spreading  out,  are  attached  above  to  the  posterior  parts 
of  the  tendinous  rings  at  the  base.  The  second  set,  on  the  other 
hand,  comes  chiefly  from  the  right  or  posterior  papillary  muscles,  and, 
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c-pI  of  fibres  in  the  cavity,  turning  forwards, 
passing  behind  around  which  its  fibres  twist. 

emerges  in  front  of 'them  at  tM«pc  gnperficial  fibres  whioU 

to  become  c™tmuo  1:  y anj  arc  attached  above  to  the 

cover  the  antenoi  sui  face  ri  But  Bince  the  superficial 

ET™aScoPntinuons  stratum  around  the  ventricles,  it  is  impossible 

t0 1? ~ ~ tfe  continuity  of  the  *»r 
of  tto  ventricles : those,  namely,  which  form  the  mam  part  of 

^WhenthTlefl  ventricle  is  opened,  the  fibres  forming  its  walls  are 
seen  i n the  interior  to  take  a general  direction  downwards  those  of  the 
anterior  wall  converging  somewhat  towards  the  apex,  those  of^ 
posterior  passing  more  diagonally  from  right  to  eft.  Tiaced  upwards 
thev  are  observed  partly  to  be  attached  to  the  aortic  and  mitral 
tendinous  rings,  partly  to  turn  round  the  margin  of  the  aunculo- 
ventricular  orifice,  in  continuity  with  other  more  external  fibies,  which, 
again,  come  (at  least  some  of  them)  from  the  central  fibro-cartilage. 
Traced  downwards,  they  turn  round  to  form  the  chief  substance  o 
the  wall  of  the  ventricle,  passing  in  front  obliquely  upwards  again 
towards  the  septum.  Some  of  them,  however,  join  the  sets  of  fibres 
which  emerge  at  the  apex  and  become  superficial ; and,  on  the  other 
hand,  the  deep  fibres  are  joined  by  the  deeper  parts  of  the  papillary 
muscles.  Reaching  the  septum,  they  for  the  most  part  turn  into  it, 
and  some  of  them  pass  at  once  obliquely  upwards,  to  be  attached  to  the 
central  fibro-cartilage.  Others,  after  indenting  or  interlocking  with 
bundles,  which  turn  into  the  septum  from  the  front  of  the  right  ven- 
tricle, proceed  to  form  the  posterior  part  of  that  ventricle,  passing  to 
its  posterior  papillary  muscle  and  the  central  fibro-cartilage  or  its  prolong- 
ations ; whilst  a third  set,  reinforced  by  the  entering  fibres  from  the 
right  ventricle,  take  an  annular  course  around  the  left  ventricle.  It  is 
excessively  difficult  to  trace  the  ultimate  destination  of  these  annular 
bundles,  for  they  appear  to  encircle  the  ventricle  more  than  once,  and 
to  form  the  main  thickness  of  its  wall  : but  it  is  probable  that  taking 
a more  and  more  oblique  course,  they  either  are  eventually  attached  to 
some  of  the  tendinous  or  fibro-cartilaginous  structures  at  the  base,  or 
pass  up  into  one  or  other  of  the  papillary  muscles  at  the  apex. 

The  bundles  of  fibres  on  the  inside  of  the  right  ventricle  have  a 
general  direction  from  the  tricuspid  and  pulmonary  rings  to  which 
they  are  attached  above,  and  from  the  papillary  muscles,  especially 
the  anterior,  towards  the  lower  and  back  part  of  the  cavity.  Arrived 
here,  some  turn  sharply  round  to  enter  the  septum,  and  partly  to 
pass  up  in  this  to  the  central  fibro-cartilage,  whilst  others  pass  across 
the  back  of  the  septum  into  the  posterior  wall  of  the  left  ventricle, 
and  become  lost  amongst  the  fibres  there.  There  are  besides  certain  sets 
of  fibres  which  appear  not  readily  assignable  to  any  of  those  above  des- 
cribed : those,  for  instance,  which  encircle  the  pulmonary  orifice,  and  others 
which,  as  Sibson  has' shown,  radiate  upwards  from  the  bases  of  the 
papillary  muscles,  especially  the  anterior  papillary  of  the  right  ventricle, 
to  be  attached  to  the  tendinous  structures  at  the  base  of  the  heart, 
especially  to  the  pulmonary  ring,  opposite  the  two  anterior  sinuses  of 
Valsalva.  .Moreover,  a number  of  fasciculi  encircle  both  ventricles,  ap- 
parently without  a definite  attachment,  but,  according  to  Winckler,  they 
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may  eventually  be  traced  at  one  end  to  the  tendinous  structures  at  the 
base  of  the  heart,  and  at  the  other  to  one  of  the  papillary  muscles  of  the 
left  ventricle. 

The  peculiar  spiral  concentration  of  the  fibres  of  the  heart  at  the  apex  is 
known  as  the  vortex  or  whorl,  and  is  produced,  as  already  described,  by  the 
twisting  or  interlocking  of  the  fibres  in  the  interior  as  they  pass  to  be  con- 
tinuous with  those  on  the  exterior.  It  has  been  thought  that  a similar  continuity 
was  the  rule  at  the  base  of  the  heart  also,  and  that  few  if  any  of  the  bundles 
are  attached  to  the  tendinous  rings.  But  although  it  is  true  that  some  bundles 
may  turn  round  at  the  auriculo-ventricular  openings,  this  is  by  no  means  general 
and  most  of  the  muscular  fasciculi  must  be  described  as  being  attached  to  the 
fibrous  and  fibro-cartilaginous  structures  at  the  base,  either  directly  or  through 
the  medium  of  the  chordae  tendinece  and  segments  of  the  valves. 

Fig.  178. — View  of  the  Fibres  of 
the  Sheep’s  Heart,  dissected  at 
the  Apex  to  show  the  “vortex” 
(Pettigrew). 

a,  a,  fibres  entering  the  apex 
posteriorly  at  h ; c,  c,  fibres  entering 
the  apex  anteriorly  at  d. 

In  the  middle  of  the  thickness  of 
the  ventricular  wall  the  fibres  are, 
as  before  said,  annular  and  trans- 
verse (fig.  179,  4,  4') ; but,  as 
Ludwig  showed,  they  pass  by  the 
most  gradual  transition  into  the 
diagonal  ones  nearer  the  surfaces,  so  that  any  separation  into  layers  which 
may  be  effected  (with  the  exception  of  the  superficial  stratum  previously 
described)  must  be  looked  upon  as  in  a great  degree  artificial.  Even  by  those 
anatomists  who  contend  for  the  existence  of  definite  strata  their  number  has 
been  very  differently  stated.  Wolff  * conceived  that  five  layers  might  be  made 
out.  Pettigrew  y has  described  as  many  as  seven  in  the  wall  of  each  ven- 
tricle, of  which  the  fourth  occupies  the  middle  of  the  thickness  of  the  ven- 
tricular wall  ; the  third  is  continuous  above  and  below  with  the  fifth  ; the  second 
with  the  sixth  ; and  the  first,  or  most  external,  with  the  seventh,  or  most  internal ; 
the  outer  layers  turning  in  at  the  whorl  and  at  the  margins  of  the  auiiculo-ventri- 
cular  openings  respectively,  but  without  being  attached  to  the  tendinous  struc- 
tures at  all. 

It  will  be  observed  that  Pettigrew’s  description  differs  materially  from  that 
given  in  the  text,  which,  although  agreeing  in  many  points  with  the  observations 
of  Ludwig,  Whackier,  and  Sibson.f  is  mainly  founded  on  an  entirely  fresh  inves- 
tigation of  the  subject,  undertaken  with  the  co-operation  of  Mr.  F.  J.  Davies,  of 
University  College. 

Intei'stitial  structures. — The  interstices  between  the  closely  reti- 
culating muscular  fibres  are  filled  by  connective  tissue,  with  numerous 
blood-vessels,  lymphatics,  and  nerves.  The  muscular  substance  is 
supplied  with  blood  by  the  coronary  arteries,  the  origin  and  course  of 
which,  as  well  as  of  the  coronary  vein,  are  elsewhere  described.  The 
smaller  branches  penetrate  into  every  part  of  the  muscular  substance. 

The  lymphatics  (which  are  found  in  great  number  beneatli  both  the 
pericardium  and  endocardium),  are  also,  according  to  Schweigger-Seidel, 

* C.  F.  Wolff,  De  online  Fibrarum  Muscularium  Cordis  ; Act.  Acad.  Petropol.  17S0 
—1792. 

f Phil.  Trans.  1S64. 

+ Ludwig,  in  Zeitschrift  fur  rationale  Medizin,  1849  ; and  Muller’s  Archiv.  V\  inclaer, 
in  Archiv  fur  Anatomic  und  Physiologic,  1865.  Sibsou,  Medical  Anatomy,  1869. 


Fig.  178. 
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• i i riEn tPd  throughout  the  muscular  substance,  occurri ug  in 
extensively  distributed  t & fissur e-like  spaces,  lying  between  the 

A •<•«* 

being  thus  to  a certain  extent  laounau  rather  small  in 

The  nems  off  by  to  oa^^l  ^ partly  &om  the 

comparison  with  th abul “h  h sympathetie  system  (more  especially 
cerebro-spinal  and  P»  “T  “ d fr),mthe  cervical  and  superior  thoracic 
from  the  pneum^fa'one  ^ Besideg  the  larger  ganglia  in  the 

ganglia  ot  the  sympat  i .f  ^ hcartj  thc  nerves  present  minute 

‘“ngUa^t' ‘different  points  along  their  course  in  its  substance,  first 


179, — View  of  a Partial  Dissec- 
tion of  the  Fibres  of  the  anterior 

WALL  OF  THE  VENTRICLES  IN  A SHEEP  S 

Heart,  designed  to  show  the  differ- 
ent. DEGREES  OF  OBLIQUJTY  OF  THE 
FIBRES  (Allen  Thomson). 


At  the  base  and  apex  the  superficial 
layer  of  fibres  is  displayed  : in  the  interven- 
ing space,  more  and  mOreof  the  fibres  have 
been  removed  from  above  downwards, 
reaching  to  a greater  depth  on  the  left 
than  on  the  right  side.  a\  a *,  the 
superficial  layer  of  the  right  ven- 
tricle ; l>1,  l\  the  same  of  the  left 

ventricle  ; at  2 this  superficial  layer 
has  been  removed  so  as  to  expose  the 
fibres  underneath,  which  are  seen  to  have 
the  same  direction  as  the  superficial  ones 
over  the  left  ventricle,  but  different  over 
the  right ; at  3 some  of  these  have  been 
removed,  hut  the  direction  is  only 
slightly  different ; 4,  transverse  or 

annular  fibres  occupying  the  middle  of  the 
thickness  of  the  ventricular  walls  ; 6,  7, 
internal  fibres  passing  downwards  towards 
the  apex  to  emerge  at  the  whorl ; between 
c,  c,  the  anterior  coronary  or  interventri- 
cular groove,  over  which  the  fibres  of  the 
superficial  layer  are  seen  crossing  ; in  the 
deeper  fibres  turn  backwards  towards  the 


remaining  part  of  the  groove,  some  of  the 
septum  ; d,  the  pulmonary  artery  ; e,  the 


aorta. 


figured  and  described  by  Remak.*  The  larger  nerves  course  obliquely 
downwards  on  the  surface  of  the  ventricles  beneath  the  pericardium, 
crossing  the  direction  of  the  superficial  fibres,  and  giving  off  at  intervals 
branches  into  the  muscular  substance. 

Endocardium. — The  cavities  of  the  heart  are  lined  by  a thin  mem- 
brane continuous  with  the  inner  coat  of  the  bloodvessels,  with  which  in 
general  structure  it  for  the  most  part  agrees.  A layer  of  flattened 
epithelioid  cells  covers  and  lines  the  inner  surface,  and  beneath  this 
the  endocardium  consists  of  connective  tissue  with  a close  network  ol 
elastic  fibres  often  passing  into  fenestrated  membrane.  Muscular 
fibres  arc  present  in  some  parts.  These  are  for  the  most  part  similar 
to  those  which  compose  the  chief  muscular  substance  of  the  heart. 

* Froriep’s  Notizen,  1838,  p.  137  ; and  Muller’s  Arcliiv,  IS  14,  p.  463,  taf.  xii. 
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In  some  animals  others  are  found  which  are  only  striated  at  their  peri- 
phery, and  present  a beaded  appearance,  the  component  cells  behm  much 
larger  and  more  distinct ; these,  which  are  known  as  Purkinje’s  fibres 
appear  to  represent  a condition  of  arrested  development  of  the  ordinary 
cardiac  fibres.  Plain  muscular  fibre-cells  have  also  been  described  in 
some  situations  ; and,  in  some  animals,  collections  of  adipose  tissue  are 
met  with  beneath  the  endocardium.  The  membrane  is  usually  more 
opaque  on  the  right  side  than  on  the  left ; and  thicker  in  the  auricles 
(the  left  especially)  than  in  the  ventricles  ; it  is,  however,  very  thin  on 
the  musculi  pectinati  of  the  auricles  and  on  the  column®  came®  of  the 
ventricles. 


DIMENSIONS  AND  WEIGHT  OP  THE  HEART. 

Size.  It  was  stated  by  Laennec,  as  the  result  of  his  experience,  that 
the  heart  in  its  natural  condition  was  about  equal  in  size  to  the  closed 
hand  of  the  individual.  It  is  about  five  inches  long,  three  and  a half 
in  its  greatest  width,  and  two  and  a half  in  its  extreme  thickness  from 
the  anterior  to  the  posterior  surface  ; but  linear  measurements  of  a 
flaccid  organ  like  the  heart  must  be  subject  to  so  many  accidental 
variations  as  to  render  them  of  little  value. 

Weight.— The  weight  of  the  heart  in  the  adult  is  also  subject 
to  considerable  variation,  ranging  between  rather  wide  limits,  which 
depend  on  the  general  weight  of  the  body  and  on  the  sex. 

Its  mean  weight  is  about  9 or  10  oz.  According  to  Reid’s  tables, 
the  average  weight  in  the  adult  male  is  as  high  as  11  oz.,  and  in 
the  female  9 oz. ; while  according  to  Peacock  the  average  of  the  male 
is  9f  oz.,  and  that  of  the  female  9 oz. 

The  weight  of  the  heart  maintains  some  general  proportion  to  that  of  the  body. 
According  to  Tiedemann  this  is  about  1 to  100 ; by  Clendinning  it  was  found  to 
be  1 to  158  in  males,  and  1 to  119  in  females  ; and  by  Reid  to  be  1 to  169  in  a 
senes  of  thirty-seven  males  and  1 to  176  in  twelve  females  ; but  in  the  healthy 
males  dying  suddenly  the  ratio  was  as  1 to  173. 

It  was  shown  by  Clendinning  that  the  heart  continued  to  increase  in  weight 
up  to  an  advanced  period  of  life,  but  at  a comparatively  slower  rate  subsequently 
to  the  age  of  twenty-nine  years.  Subjoined  is  a tabular  statement  of  some  of  the 
average  results  derived  from  the  observations  of  these  authors. 


CLENDINNING. 


REID.  PEACOCK. 


Weight  in  o z. 

Age  in  years.  Males.  Females. 
15  to  29  . . 8$  . . 81 
30  — 50  . . 9£  . . 8£ 

50  — 60  . . 101  . . 8' 

60 [-  . . 10y  . . 8 


Weight  in  oz.  and  drachms 


Age  in  years.  Males.  Females.  Males. 

16  to  20  . . 8 10  . . 6 13  8 2f 

20  — 30  ..  10  4 . . 8 0 9 0| 

30  — 40  ..  10  8 . . 9 3 9 7 

40  — 50  ..  11  7 ..  9 8 8 11 

50  — 60  ..  11  10  ..  9 14  9 12 

60  — 70  ..  12  6 ..  9 5 10  13f 

70 f-  . . 12  6 . . 9 6 


Females. 

8 If 

8 101 

8 13| 

9 3 
9 7\ 

7 0 


Entirely  in  accordance  with  these  observations  upon  the  increase  of  the  heart’s 
weight  according  to  age,  it  has  been  found  by  Bizot  that  this  organ  continues  to 
enlarge  in  all  its  dimensions  as  life  advances,  viz.,  in  the  length,  breadth,  and 
thickness  of  its  walls.  The  greatest  increase  was  detected  in  the  substance  of  the 
left  ventricle,  and  the  ventricular  septum.* 

* Reid,  in  the  Lond.  and  Edin.  Monthly  Journal  of  Med.  Science,  April  1S43  ; T.  15. 
Peacock,  in  the  same  journal,  in  1846,  and  reprinted  separately,  with  additional  observa- 
tions, in  1854  ; Clendinning,  in  the  Medic.  Chir.  Transact.,  1838  ; Bizot,  Mem.  de  la 
Soc.  Medic.  d’Observatiou  de  Paris,  tom.  i.  p.  262.  1836. 
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• i « nnd  ventricles.— To  determine  with  precision  the 
Capacity  of  the  f the  form,  cavities  of  the  heart,  as  they  exist 

absolute  and  relative  capacit  capacity  is  s0  much  influenced  by  them 

during  life,  is  impossible  ,£  by  the  different  degrees  of  contraction  of 

different  states  of  “stf foment  of  death,  that  no  constant  numerical  relation 
their  muscular  walls  at  the  them.  Hence  the  most  opposite  state- 

in  this  respect  can  to  ^ ^ of  tbe  ventricular  cavities, 

ments  prevail,  especially  ™ g rather  less  capacious  than  the  ven- 
tricles. to  be  larger  than  the  left,  in  the  proportion 

°fiut0  •' A ^iSTs'lsserted  by  some  to  be  larger  than  the  left;  by  others 
The  right  v^“^.al)  the  t^0  Le  stated  to  have  an  equal  capacity  ; CruveH- 

(Lower  Sabatier  Andia^th  ^ hag  fonnd  the  left  to  be  the  larger  of 

haer,  judging  modes  of  (jeati1)  the  right  ventricle  is  always  found 

the  two.  n ‘ which  is  probably  owing  to  its  being  distended  with 

m°re ;0aPconsea  mTce  of  the  cessation  of  the  chculation  through  the  lungs  : the 
Mt  veS licle  on  the  other  hand,  is  found  nearly  empty,  and  thus  becomes  more 
fully  contracted.  There  are  reasons  for  believing,  however,  that  duimg  h e 
scarcely  any  difference  of  capacity  exists  between  the  cavities. 

sYze  of  the  ventricular  openings.-The  right  aunculo-ventncular  opening, 
and  the  orifice  of  the  pulmonary  artery,  are  both  found  to  be  somewhat  largei  attei 
death  than  the  corresponding  openings  on  the  left  side  of  the  heart.  Them  cir- 
cumference is  thus  stated  by  Bouillaud.  (Traite  des  Malad.  du  Coeur,  tom.  up. 
52.  Paris,  1835.) 

Inches  and  Lines. 

Max.  Med.  Min. 

.„  ( Right 4 0 3 10  3 i) 

Amiculo-ventncular  orifices  < 3 10  3 6 3 3 

( Right  (Pulmonary)  2 10  2 7 2 (5 

Arterial  orifices  ....  | Left  (Aortic) 2 8 2 8 2 4 

According  to  observations  by  Peacock,  the  average  dimensions  are  somewhat 
higher  : — 

Males.  Females. 

Auriculo-ventricular  orifices  j g y g 

......  \ Right  (Pulmonary)  3 4 3 3 

Arterial  orifices <1  Left  (Aorfcic)  3 0 2 10 


ORGANS  OP  RESPIRATION. 

Besides  tlie  heart,  the  thorax  contains  the  principal  organs  of  respira- 
tion, viz.,  the  lungs’  and  a part  of  the  trachea.  The  larynx,  which  is 
affixed  to  the  upper  end  of  the  windpipe,  and  is  not  only  the  entrance 
for  air  into  the  respiratory  organs  from  the  pharynx,  but  also  the  organ 
of  voice,  will  be  described  after  the  lungs. 

THE  TRACHEA  AND  BRONCHI. 

The  trachea  or  windpipe  (fig.  180,  tr.),  the  common  air-passage  of 
both  lungs,  is  an  open  tube  which  commences  above  at  the  larynx,  and 
divides  below  into  two  smaller  tubes,  right  and  left  bronchi,  one  for 
each  lung. 

The  trachea  is  placed  in  the  median  plane  of  the  body,  and  extends 
from  the  lower  border  of  the  cricoid  cartilage  of  the  larynx  (c),  on  a 
level  with  the  5th  cervical  vertebra  in  the  neck  (Gtli,  Braune)  to  a place 
opposite  the  3rd  dorsal  vertebra  in  the  thorax,  where  it  is  crossed  in 
front  by  the  arch  of  the  aorta,  and  at  or  immediately  below  that  point 
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Fig.  180. 


bifurcates  into  the  two  bronchi.  It  usually  measures  from  four  inches 
to  four  inches  and  a half  in  length,  and  from  three-quarters  of  an 
inch  to  one  inch  in  width  ; but  its  length  and  width  are  liable  to  con- 
tinual variation,  according  to  the 
position  of  the  larynx  and  the 
direction  of  the  neck ; moreover, 
it  usually  widens  a little  at  its 
lower  end,  and  its  average  diameter 
is  greater  in  the  male  than  in  the 
female.  In  front  and  at  the  sides 
the  trachea  is  rendered  cylindrical, 
firm,  and  resistant,  by  a series  of 
cartilaginous  rings ; these,  how- 
ever, are  deficient  behind,  so  that 
the  posterior  portion  is  flattened 
and  entirely  membranous  (fig. 
181). 

The  windpipe  is  nearly  every- 
where invested  by  a loose  areolar 
tissue,  abounding  in  elastic  fibres, 
and  is  very  moveable  on  surround- 
ing parts.  Both  in  the  neck  and 
thorax,  it  rests  behind  against  the 
gullet,  which  intervenes  between  it 
and  the  vertebral  column,  but 
towards  its  lower  part  projects 
somewhat  to  the  left  side.  The 
recurrent  laryngeal  nerves  ascend 
to  the  larynx  on  each  side  in  the 
angle  between  these  two  tubes. 

In  the  neck  the  trachea  is  situa- 
ted between  the  common  carotid 
arteries  ; at  its  upper  end  it  is  em- 
braced by  the  lateral  lobes  of  the 
thyroid  body,  the  middle  part  or 
isthmus  of  which  lies  across  it  just 
below  the  larynx.  It  is  covered 
in  front  by  the  sterno-thyroid  and 
sterno-hyoid  muscles,  between 
which,  however,  there  is  left  an 
elongated  lozenge-shaped  interval 
in  the  middle  fine  : this  interval 
is  covered  in  by  a strong  process 
of  the  deep  cervical  fascia,  while, 
more  superficially,  another  layer 
not  so  strong  crosses  between  the 
sterno-mastoid  muscles.  The  in- 
ferior thyroid  veins  and  the 
cirteria  iluyroidea  ima,  when  that 
vessel  exists,  also  fie  upon  its 
anterior  surface  ; whilst  at  the  root  of  the  neck,  in  the  episternal  notch, 
the  innominate  artery  and  the  left  carotid  pass  obliquely  over  it  as 


Fig.  180. — Outline  showing;  the  Gene- 
ral Form  op  the  Larynx,  Trachea, 
and  Bronchi,  as  seen  from  before 
(Allen  Thomson).  One-half  the  Natu- 
ral Size. 

7i,  the  great  cornu  of  the  hyoid  bone  ; e, 
epiglottis  ; t,  superior,  and  t',  inferior  cornu 
of  the  thyroid  cartilage ; c,  middle  of  the 
cricoid  cartilage  ; t r,  the  trachea,  showing 
sixteen  cartilaginous  rings  ; b,  the  right, 
and  V , the  left  bronchus. 


they  ascend  to  gain  its  sides. 
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it  WMstt  " 

ower  down,  by  the  left  innomi- 


nate vein,  then  by.  the  com- 
mencement of  the  innominate 
artery  and  left  carotid,  which 
pass  round  to  its  sides  ; next  by 
the  arch  of  the  aorta  and  the 
deep  cardiac  plexus  of  nerves, 
and,  quite  at  its  bifurcation,  by 
the  extremity  of  the  pulmonary 
artery,  where  this  divides  into  its 
rio-ht  and  left  branches.  Placed 
between  the  two  pleuife,  the 
trachea  is  contained  in  the  pos- 
terior mediastinum,  and  has  on 
its  right  side  the  pleura  and 
pneumo-gastric  nerve,  and  on 
the  left,  the  left  carotid  artery, 
the  pneumo-gastric  and  its  re- 
current branch,  together  with 
some  cardiac  nerves. 

The  right  and  left  bronchi 
(fig.  180,  b,  b')  proceed  each  to 
the  root  of  its  corresponding 
lung.  They  differ  from  each 
other  in  length,  width,  direc- 
tion, and  relation  to  surround- 
ing parts.  The  right  bron- 
chus (b),  wider  but  shorter 
than  the  left,  measuring  about 
an  inch  in  length,  passes  out- 
wards almost  horizontally  into 
the  root  of  the  right  luug  on 
a level  with  the  fourth  dorsal 
vertebra : it  is  embraced  above 
by  the  vena  azygos,  which 
hoolcs  forwards  over  it,  to  end 
in  the  vena  cava  superior;  the 
right  pulmonary  artery  lies  at 
first  below  it  and  then  in  front 
of  it.  On  looking  down  the 
windpipe  towards  the  bifurca- 
tion, the  right  bronchus  appears 
to  be  a more  direct  continua- 
tion of  the  trachea  than  the  left. 
The  left  bronchus  (&'),  smaller 
in  diameter,  but  longer  than  the 
right,  being  nearly  two  inches  in 


Fig.  181. 


181. — Outline  showing  the  General 
Form  of  the  Larynx,  Trachea,  and 
Bronchi  as  seen  from  behind  (Allen 
Thomson). 


h,  great  cornn  of  the  hyoid  bone  ; t,  superior, 
and  t',  inferior  cornu  of  the  thyroid  cartilage  ; 
c,  the  epiglottis  ; a,  points  to  the  back  of  both 
the  arytenoid  cartilages,  which  are  surmounted 
by  the  cornicula  ; c,  the  middle  ridge  on  the 
back  of  the  cricoid  cartilage  ; t r,  the  posterior 
membranous  part  of  the  trachea  ; b,  b',  right 
and  left  bronchi. 


length,  inclines  downwards  and 
outwards  beneath  the  arch  of  the  aorta  to  reach  the  root  of  the  left 
lung,  which  it  enters  on  a level  with  the  fifth  dorsal  vertebra,  that  is, 
about  an  inch  lower  than  the  right  bronchus.  The  left  bronchus  crosses 
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over  the  front  of  the  gullet  and  descending  aorta  : the  arch  of  the  aorta 
turns  backwards  and  to  the  left  over  it,  and  the  left  pulmonary  arterv 
lies  first  above  it  and  then  on  its  anterior  surface.  The  remaining 
connections  of  each  bronchus,  as  it  lies  within  the  root  of  the  corre- 
sponding lung,  and  the  mode  in  which  it  there  subdivides  will  l-J 
afterwards  described. 

In  form  the  bronchi  exactly  resemble  the  trachea  on  a smaller  scale  • 
they  are  rounded  and  firm  in  front  and  at  the  sides,  where  they  are’ 
provided  with  imperfect  cartilaginous  rings,  and  flattened  and  mem- 
branous behind. 


STRUCTURE  OF  THE  TRACHEA  AND  BRONCHI. 

The  trachea  consists  of  the  elastic  framework  of  incomplete  carti- 
laginous rings  or  hoops,  layers  of  fibrous,  muscular,  and  elastic  tissue, 
and  the  lining  mucous  membrane,  with  glands. 

The  cartilages  are  from  sixteen  to  twenty  in  number.  Each  pre- 
sents a curve  of  rather  more  than  two-thirds  of  a circle,  resembling  the 
letter  C.  The  depth  from  above  downwards  is  from  1^  to  2 lines,  and 
the  thickness  half  a line.  The  outer  surface  of  each  is  flat,  but  the 
inner  is  convex  from  above  downwards,  so  as  to  give  greater  thickness 
in  the  middle  than  at  the  upper  and  lower  edge.  The  cartilages  are 
held  together  by  a strong  fibrous  membrane,  which  is  elastic  and 
extensible  up  to  a certain  point,  and  not  only  occupies  the  intervals 
between  them,  but  is  prolonged  over  their  outer  and  inner  surfaces,  so 
that  they  are,  as  it  were,  imbedded  in  the  membrane.  The  layer  cover- 
ing the  outer  side  of  the  rings  is  stronger  than  that  within  them ; 
and  from  this  circumstance,  together  with  the  roundness  of  their  inner 
surfaces,  they  may  be  felt  more  readily  on  the  interior  than  on  the 
exterior  of  the  tube. 

The  cartilages  terminate  abruptly  behind  by  rounded  ends,  but  the 
fibrous  membrane  is  continued  across  between  them,  and  completes 
the  tube  behind  ; it  is  here  looser  in  its  texture. 

The  first  or  highest  cartilage,  which  is  connected  by  the  fibrous 
membrane  with  the  cricoid,  is  broader  than  the  rest,  and  often 
divided  at  one  end.  Sometimes  it  coalesces  to  a greater  or  less 
extent  with  the  cricoid  or  with  the  one  below.  The  lowest  carti- 
lage, placed  at  the  bifurcation  of  the  trachea,  is  peculiar  in  shape  ; 
its  lower  border  being  prolonged  downwards,  and  at  the  same  time 
bent  backwards  so  as  to  form  a curved  projection  between  the  two 
bronchi.  The  cartilage  next  above  this  is  slightly  widened  in  the 
middle  line.  Sometimes  the  extremities  of  two  adjacent  cartilages  are 
united,  and  not  unfrequently  a cartilage  is  divided  at  one  end  into 
two  short  branches,  the  opposite  end  of  that  next  it  being  likewise 
bifurcated  so  as  to  maintain  the  parallelism  of  the  entire  series.  The 
use  of  these  cartilaginous  hoops  is  to  keep  the  windpipe  open,  a con- 
dition essential  for  the  free  passage  of  air  into  the  lungs. 

Within  the  fibrous  membrane  at  the  posterior  flattened  part  of 
the  trachea,  is  a continuous  pale  reddish  layer  of  unstriped  mus- 
cular fibres,  which  pass  across,  not  only  between  the  ends  of 
the  cartilages,  but  also  opposite  the  intervals  ; they  doubtless  serve 
to  diminish  the  area  of  the  tube  by  approximating  the  ends  ot 
the  cartilages.  Those  opposite  the  hoops  are  attached  to  the  ends 
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)f  the  latter,  and  encroach  also  for  a short  distance  upon  then  inner 

Outside  the  transverse  fibres  arc  a.  few  fasciculi  having  a longi- 
tudinal direction.  These  are  said  to  arise  by  minute  tendons  of  clastic 
tissue,  in  part  from  the  inner  surface  of  the  end  of  the  tracheal  lings, 
and  in  part  from  the  external  fibrous  membrane. 

Situated  in  the  submucous  tissue  immediately  beneath  the  mucous 
membrane  are  numerous  longitudinal  fibres  of  elastic  tissue.  They 
are  found  all  round  the  tube,  but  are  much  more  abundant  along  the 
posterior  membranous  part,  where  they  are  principally  collected  into 
distinct  longitudinal  bundles,  which  produce  visible  elevations  or 
flutings  of  the  mucous  membrane.  These  bundles  are  particularly 
stron*  and  numerous  opposite  the  bifurcation  of  the  trachea.  ^ The 
elastic  fibres  serve  to  restore  the  windpipe  to  its  ordinary  size  after  it 

has  been  stretched.  . 

A quantity  of  adipose  tissue  is  often  found  in  the  submucous  areolar 

tissue. 

The  trachea  is  provided  with  numerous  small  mucous  glands. 
The  largest  are  situated  at  the  back  part  of  the  tube,  either  close 
upon  the  outer  surface  of  the  fibrous  layer,  or  occupying  little  recesses 
formed  between  its  meshes.  They  are  compound  glands,  and  their 
eavities  are  lined  by  a columnar  or  cubical  epithelium  : their  excretory 
ducts  pass  through  the  muscular  layer  and  the  mucous  membrane,  on 
the  surface  of  which  multitudes  of  minute  orifices  are  perceptible. 
Similar  but  smaller  glands  are  found  between  the  cartilaginous  rings, 
upon  and  within  the  fibrous  membrane,  and  still  smaller  ones  close 
beneath  the  mucous  membrane. 

The  mucous  membrane  is  smooth  and  of  a pale  pinkish  white 
•colour  in  health,  although  when  congested  or  inflamed,  it  becomes  in- 
tensely purple  or  crimson.  It  contains  a considerable  amount  of 
lymphoid  tissue,  the  reticulum  of  which  is  condensed  immediately 
underneath  the  epithelium  into  a well-marked  basement  membrane,  com- 
posed of  flattened  cells  which  send  processes  up  amongst  the  epithelium 
cells.  In  the  deeper  parts  of  the  mucous  membrane  a large  number  of 
fine  elastic  fibres  are  found.  The  epithelium  consists  of  more  than  one 
layer  of  cells.  The  most  superficial  (fig.  24,  p.  47),  are  columnar  and  cili- 
ated, and  send  processes,  which  are  often  branched,  downwards  into  the 
subjacent  tissue,  to  join,  it  is  said,  with  processes  from  connective  tissue 
corpuscles.  The  cilia  serve  to  drive  the  mucous  secretion  upwards  towards 
the  larynx.  Between  the  smaller  or  attached  ends  of  these  ciliated 
cells,  are  found  elongated,  often  spindle-shaped  cells,  which  commonly 
are  prolonged  at  one  end  towards  the  surface,  whilst  the  other  end, 
which  is  not  unfrequently  forked,  reaches  to  the  subjacent  membrane. 
One  or  more  layers  of  smaller,  more  irregularly-shaped  cells  occupy  the 
deeper  part  of  the  epithelium  : amongst  the  epithelial  cells  a few 
leucocytes  are  also  found.  The  cells  generally  contain  mucus,  and 
lienee  are  readily  converted  into  goblets  (see  p.  211). 

Vessels  and  Nerves. — The  arteries  of  the  trachea  are  principally 
derived  from  the  inferior  thyroid.  The  larger  branches  run  for  some 
instance  longitudinally,  and  then  form  a superficial  plexus  with  rounded 
meshes.  I lie  veins  enter  the  adjacent  plexuses  of  the  thyroid  veins. 
A rich  plexus  of  lymphatics  may  readily  be  injected  in  the  mucous 
membrane  and  submucous  tissue,  but  the  lymphoid  follicles,  so  common 
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in  the  alimentary  mucous  membrane,  would  appear  to  be  absent  here 
at  least  in  the  normal  condition.  The  nerves  come  from  the  trunk  and 
recurrent  branches  of  the  pneumo-gastric,  and  from  the  sympathetic 
system.  Their  mode  of  termination  has  not  yet  been  satisfactorily  traced. 

The  general  structure  of  the  bronchi  corresponds  with  that  of  the 
trachea  in  every  particular.  Their  cartilaginous  rings,  which  resemble 
those  of  the  trachea  in  being  imperfect  behind,  are,  however,  shorter 
and  narrower.  The  number  of  rings  in  the  right  bronchus  varies  from 
six  to  eight,  whilst  in  the  left  the  number  is  from  nine  to  twelve. 

The  bronchi  are  supplied  by  the  bronchial  arteries  and  veins,  and  the 
nerves  are  from  the  same  source  as  those  of  the  trachea. 

THE  LUNGS  AND  PLEUR2E. 

The  lungs,  placed  one  on  the  right  and  the  other  on  the  left  of  the 
heart  and  large  vessels,  occupy  by  far  the  larger  part  of  the  cavity  of 
the  chest,  and  during  life  are  always  in  accurate  contact  with  the  in- 
ternal surface  of  its  wall.  Each  lung  is  attached  at  a comparatively 
small  part  of  its  flattened  inner  or  median  surface  by  a part  named  the 
root,  and  by  a thin  membranous  fold  which  is  continued  downwards 
from  it.  In  other  directions  the  lung  is  free  and  its  surface  is  closely 
covered  by  a serous  membrane,  belonging  to  itself  and  to  the  corre- 
sponding side  of  the  thorax,  and  named  accordingly,  the  right  or  left 
pleura. 

THE  PLEURiE. 

The  pleurae  are  serous  membranes  forming  two  shut  sacs,  quite  dis- 
tinct from  each  other,  which  line  the  right  and  left  sides  of  the  thoracic 
cavity,  form  by  their  approximation  in  the  middle  line  the  mediastinal 
partition,  and  are  reflected  each  upon  the  root  and  over  the  entire  free 
surface  of  the  corresponding  lung  (see  fig.  163). 

Each  pleura  consists  of  a visceral  and  a parietal  portion.  The  visceral 
portion,  'pleura  pulmonalis,  covers  the  lung;  and  the  parietal  portion 
lines  the  ribs  and  intercostal  spaces,  pleura  costalis,  covers  the  upper 
convex  surface  of  the  diaphragm,  enters  into  the  formation  of  the 
mediastinum,  and  adheres  to  the  sides  of  the  pericardium. 

The  mediastinum,  or  partition  between  the  two  pleural  cavities,  is 
formed  by  the  reflection  of  each  pleura  from  the  anterior  wall  of  the 
chest  backwards  on  the  pericardium  to  the  root  of  the  lung,  and  from 
the  back  of  the  root  of  the  lung  to  the  vertebral  column.  Its  division 
into  anterior,  middle,  and  posterior  mediastina,  and  the  position  and 
contents  of  each,  have  been  already  described  (p.  239). 

At  the  root  of  each  lung  the  visceral  and  parietal  portions  of  the 
corresponding  pleura  are  continuous  with  one  another  ; and,  at  the 
lower  border  of  the  root,  is  a triangular  fold  of  the  serous  membrane, 
extending  vertically  along  the  inner  surface  of  the  lung  down  to  the 
diaphragm,  to  which  it"  is  attached  by  its  extremity ; this  fold  is 
named  ligamentum  latum  pulmonis. 

The  upper  part  of  the  pleura,  together  with  the  apex  of  the  cor- 
responding lung,  rises  into  the  root  of  the  neck,  reaching  an  inch  or 
even  an  inch  and  a half  above  the  first  rib,  and  passes  up  under  cover 
of  the  scaleni  muscles,— a small  slip  of  which,  arising  from  the  trans- 
verse process  of  the  last  cervical  vertebra,  is  described  by  Sibson  as 
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expanding  into  a dome-like  aponeurosis  or  fascia,  which  covers  or 
the  nleural  cul-de-sac,  and  is  attached  to  the  whole  of  the 
tC  first  rib.  The  right  pleura  is  generally  stated  to 
each  higher  in  the  neck  than  the  left  ; but,  m twenty  observations 
recorded  by  Hutchinson,  the  right  lung  was  higher  m en  cases,  and 
he  left  in  emht,  whilst  in  two  the  height  was  equal  on  the  two  sides. 
Anteriorly  the  pleural  sacs  of  opposite  sides  come  nearly  or  altogether 
into  contact  behind  the  second  piece  of  the  sternum,  and  continue  so 
t so"tace;but  opposite  the  lower  end  of  the  sternum  the  right 
nleura  passes  beyond  the  middle  line  or  remains  close  to  it,  while  the 
left  recedes  to  /variable  distance.  Interiorly  the  pleura  do  not  pass 
auite  down  to  the  attachments  of  the  diaphragm,  but  leave  a portion  of 
its  circumference  in  contact  with  the  costal  parietes.  Owing  to  the 
heio-ht  of  the  diaphragm  on  the  right  side  (corresponding  with  the 
greater  convexity  of  the  liver),  the  right  pleural  sac  is  shorter  than  the 
left . it  is  at  the  same  time  wider.  In  the  axillary  line,  the  right 
pleura  extends  down  to  the  lower  edge  of  the  ninth  rib,  while  the 
left  pleura  reaches  to  the  lower  edge  of  the  tenth  (Luschka). 

Structure. — The  pleura  possesses  the  usual  characters  of  serous- 
membranes.  The  costal  part  is  the  thickest,  and  may  be  easily  raised 
from  the  ribs  and  intercostal  spaces.  It  is  strengthened  here  by 
a layer  of  subserous  areolar  tissue  of  considerable  thickness.  On 
the  pericardium  and  diaphragm  the  pleura  is  thinner  and  more 
firmly  adherent ; but  it  is  thinnest  and  least  easily  detached  upon 
the  surface  of  the  lungs.  A difference  is  also  noticeable  in  the- 
character  of  the  superficial  epithelioid  layer,  for  while  on  the  pleura 
co stalls  this  consists  of  the  ordinary  flattened  cells,  on  the  pleura  pul- 
monalis  the  cells,  at  least  in  some  animals,  are  less  distinctly  flattened 
and  more  granular  and  polyhedral  (Klein).  Lymphatic  vessels  are- 
abundant  in  and  beneath  the  pleura  as  in  other  serous  membranes,  and 
they  communicate  in  many  parts,  by  means  of  stomata,  with  the  cavity 
of  the  membrane.  In  the  pleura  costalis  they  are  only  found  over  the 
intercostal  spaces  ; not  over  the  ribs  (Dybkowsky). 
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Form. — Each  lung  is  irregularly  pyramidal  or  conical,  with  the  base 
downwards,  and  one  side  (the  inner)  much  flattened.  The  broad,  concave 
base  is  of  a semilunar  form,  and  rests  upon  the  arch  of  the  diaphragm. 
It  is  bounded  by  a thin  margin,  which  is  received  in  the  angle  between 
the  ribs  and  the  diaphragm,  and  reaches  much  lower  down  behind  and 
at  the  outer  side  than  in  front.  The  apex  is  blunt,  and,  as  already 
mentioned,  reaches  into  the  root  of  the  neck,  above  the  first  rib,  where 
it  is  separated  from  the  first  portion  of  the  subclavian  artery  by  the 
pleural  membrane.  The  outer  surface,  which  moves  upon  the  thoracic 
parietes,  is  smooth,  convex,  and  of  great  extent,  corresponding  with  the 
arches  of  the  ribs  and  costal  cartilages.  The  inner  surface  is  slightly  con- 
cave, and  in  part  adapted  to  the  convex  pericardium.  The  posterior  border 
is  rounded,  and  is  received  into  the  deep  groove  formed  by  the  ribs  at 
the  side  of  the  vertebral  column  ; measured  from  above  downwards,  it  is 
the  longest  part  ol  the  lung.  The  anterior  border  is  thin  and  overlaps 
the  pericardium,  forming  a sharp  edge,  which,  opposite  the  middle  of  the 
sternum,  is  separated  during  inspiration  from  the  corresponding  margin 
of  the  opposite  lung  only  by  the  two  thin  layers  of  the  mediastinal 
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septum.  Upon  the  inner  surface,  somewhat  above  the  middle  of  the 
lung,  and  considerably  nearer  to  the  posterior  than  the  anterior  border, 
is  the  root,  where  the  bronchi  and  great  vessels  join  the  lung. 

Each  lung  is  divided  into  two  lobes  by  a long  and  deep  fissure,  which 
commences  upon  the  posterior  border,  about  three  inches  from  the  apex, 
and  extends  obliquely  downwards  and  forwards  to  the  anterior  edge,  pene- 
trating from  the  outer  surface  to  within  a short  distance  of  the  root. 
The  upper  lobe  is  the  smaller,  and  is  conical,  with  an  oblique  base,  whilst 
the  lower  is  quadrilateral.  In  the  right  lung  a second  and  shorter 
fissure  runs  forwards  and  upwards  from  the  principal  fissure  to  the 
anterior  edge,  and  marks  off  a small  portion,  or  middle  lobe,  from  the 
lower  part  of  the  upper  lobe.  The  left  lung  has  no  such  middle  lobe,  but 
presents  a deep  notch  in  its  anterior  border,  into  which  the  apex  of  the 
heart  (enclosed  in  the  pericardium)  is  received.  Besides  these  differ- 
ences the  right  lung  is  shorter  than  the  left,  owing  to  the  diaphragm 
rising  higher  on  the  right  side  to  accommodate  the  liver,  whilst  the  left 
lung'is  the  narrower,  owing  to  the  heart  and  pericardium  encroaching 
on  the  left  half  of  the  thorax.  On  the  whole,  however,  as  is  seen  on  a 
comparison  of  their  weights,  the  right  is  the  larger  of  the  two  lungs. 

At  the  summits  and  posterior  borders  the  extent  of  the  lungs  cor- 
responds with  that  of  the  pleural  sacs  which  contain  them,  but  in  front 
and  below  the  relation  is  variable,  inasmuch  as  the  anterior  margins 
pass  forwards  most  completely  between  the  mediastinal  and  costal 
pleura  during  inspiration,  and  retire  to  a variable  degree  from  between 
them  in  expiration  ; and  in  like  manner  the  inferior  margins  descend, 
durino1  inspiration,  between  the  costal  and  diaphragmatic  pleura; ; 
probably  at  no  time  do  they  ever  descend  completely  to  the  line  of 

reflection  between  those  membranes.  . 

Weight,  Dimensions,  and  Capacity. — The  lungs  vary  much  in 
size  and  weight  according  to  the  quantity  of  blood,  mucous,  or  serous 
fluid  they  may  happen  to  contain,  which  is  greatly  influenced  by  the 
circumstances  immediately  preceding  death,  as  well  as  by  other  causes. 
The  weight  of  both  lungs  together,  as  generally  stated,  ranges  from 
30  to  48  ounces,  the  more  prevalent  weights  being  found  between  36 
and  42  ounces.  The  proportion  borne  _ by  the  right  lung  to  the  left 


is  nearly  that  of  22  ounces  to  20,  taking  the  combined  weight  of  the 
two  at  42  ounces.  The  lungs  are  not  only  absolutely  heavier  in  the 
male  than  in  the  female,  but  appear  to  be  heavier  m proportion  to 
the  weight  of  the  body.  The  general  ratio  between  the  weight  of  the 
lungs  and  body,  in  the  adult,  fluctuates,  according  to  the  estimate  ot 
Krause,  between  one  to  thirty-five  and  one  to  fifty. 


of  both  sexes. 


AVERAGE  WEIGHT  IX  TWENTY-NINE  MALES  AND  TWENTY-ONE 


FEMALES. — (REID.) 


. 24  oz.  . 
. 21  oz. 


MALE. 


FEMALE. 

17  oz. 

15  oz. 


Right  lung  . 
Left  lung 


45  oz. 


32  oz. 
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AVERAGE  IN  TWENTY-FIVE  MALES  AND  THIRTEEN 

HUTCHINSON.) 

Proportionate  weight  of  the  lungs  to  the  body  . 


FEMALES. — (REID  AND 
MALE.  FEMALE. 

1 to  37  . . 1 to  43 


The  size  and  cubical  dimensions  of  the  lungs  are  influenced  so  much  by  their 
state  of  inflation,  and  are  therefore  so  variable,  that  no  useful  application  can  be 
made  of  many  of  the  statements  given  as  to  these  measurements.  It  is  im- 
portant, however,  to  ascertain  the  quantity  of  air  which  they  contain  under 
different  conditions.  This  subject  has  been  investigated  by  many  inquirers, 
whose  statements  on  this  point,  however,  are  exceedingly  various.  The  volume 
of  ah-  contained  in  the  lungs  after  a forced  expiration,  was  found  by  Grehant  to  be 
about  57  cubic  inches.  After  an  ordinary  expiration  it  would  seem  that  about  as 
much  more  is  retained  in  the  chest.  The  amount  of  air  inhaled  and  expelled  in 
ordinary  breathing  has  been  very  differently  estimated  by  different  observers  ; it 
is  most  probably  about  30  cubic  inches.  According  to  the  extensive  researches  of 
Hutchinson,  men  of  mean  height,  between  five  and  six  feet,  after  an  extreme 
inspiration,  expel  from  the  chest,  by  a forced  expiration,  on  an  average,  225  cubic 
inches  of  ah',  at  a temperature  of  603.  This  quantity  is  called  by  Hutchinson 
the  vital  capacity  of  the  lungs.  It  would  be  better  termed  extreme  differential 
capacity.  If  to  it  be  added  the  average  quantity  found  by  Grehant  to  be  re- 
tained in  the  lungs  after  complete  expiration,  the  result  will  yield  282  cubic  inches 
of  ah-  at  60°,  as  the  average  total  capacity  of  the  respiratory  organs  for  ah  in  an 
adult  male  of  ordinary  height. 

The  vital  capacity  (or  difference  between  extreme  expiration  and  extreme  in- 
spiration) was  found  by  Hutchinson  to  bear  a uniform  relation  to  the  height  of 
the  individual,  increasing  at  the  rate  of  eight  cubic  inches  for  every  additional 
inch  of  stature  above  five  feet ; but  this  relation  is  affected  by  the  weight  and 
age  of  the  individual,  as  well  as  by  the  posture  of  the  body.  It  seems  to  depend 
rather  on  the  mobility  than  the  size  of  the  chest.  (Hutchinson,  in  Journal  of 
Statistical  Society,  August,  1844  ; and  in  Medico-Chirurg.  Transactions,  vol.  xxix., 
1846  ; also  in  the  article  “ Thorax,”  in  Cyclopaedia  of  Anatomy  and  Physiology, 
and  the  article  “ Respiration,”  by  Reid,  in  the  same.) 


Texture  and  consistence. — The  substance  of  the  lung  is  of  a light 
porous  spongy  texture,  and,  when  healthy,  is  buoyant  in  water  : but  in 
the  foetus,  before  respiration  has  taken  place,  and  also  in  certain  cases 
of  congestion,  collapse,  or  consolidation  from  disease,  the  entire  lungs, 
or  portions  of  them,  sink  in  that  fluid.  The  specific  gravity  of  a 
healthy  lung,  as  found  after  death,  varies  from  0345  to  0*746.  When 
the  lung  is  fully  distended  its  specific  gravity  is  0*126,  whilst  that  of  the 
pulmonary  substance,  entirely  deprived  of  air,  is  1*056  (Krause).  When 
pressed  between  the  fingers,  the  lungs  impart  a crepitant  sensation, 
which  is  accompanied  by  a peculiar  noise,  both  effects  being  caused  by 
the  air  contained  iu  the  tissue.  On  cutting  into  the  lung,  the  same 
crepitation  is  heard,  and  there  exudes  from  the  cut  surface  a reddish 
frothy  fluid,  which  is  partly  mucus  from  the  air-tubes  and  air-cells,  and 
partly  a serous  exudation,  tinged  with  blood,  and  rendered  frothy  by 
the  admixed  air. 

The  pulmonary  tissue  is  endowed  with  great  elasticity,  in  conse- 
quence of  which  the  lungs  collapse  to  about  one-third  of  their  bulk 
when  the  thorax  is  opened.  Owing  to  this  elasticity  also,  the  lungs,  if 
artificially  inflated  out  ot  the  body,  contract  to  their  previous  volume 
when  the  air  is  again  allowed  to  escape. 

infancy  the  lungs  are  of  a pale  rose-pink  colour,  which 
might  be  compared  to  blood-froth  ; but  as  life  advances  they  become 
darker, ^ancl  aie  mottled  or  variegated  with  spots,  patches,  and  streaks 
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of  dark  slate-colour,  which  sometimes  increase  to  such  a degree  as  to 
render  the  surface  almost  uniformly  black. 

The  dark  colouring1  matter  found  in  these  streaks  is  in  the  f orm  of  granules  and 
collections  of  granules,  frequently  not  inclosed  in  cells  ; it  is  deposited  in  the  in- 
terstitial areolar  tissue  mostly  near  the  surface  of  the  lung,  and  is  not  found  so 
abundantly  in  the  deeper  substance.  It  exists  sometimes  in  the  air-cells,  and  on 
the  coats  of  the  larger  vessels.  Its  quantity  increases  with  age,  and  is  said  to  be 
less  abundant  in  females  than  in  males.  In  persons  who  follow  the  occupation  of 
miners,  more  especially  colliers,  the  lungs  are  often  intensely  charged  with  black 
matter.  The  black  substance  seems  mainly  to  consist  of  pai-ticles  of  carbonaceous 
substance.  It  is  found  also  in  the  bronchial  glands ; indeed,  it  appears  to  be 
taken  up  in  large  measure  by  the  lymphatics.  In  exceptional  cases  the  adult 
lungs  exhibit  only  very  slight  streaks  of  pigment. 

Condition  in  the  foetus  and  changes  after  birth. — In  the  foetus  the  lungs 
contain  no  air,  and  consequently  sink  in  water. 

For  a long  time  the  lungs  are  very  small,  and  occupy  only  a limited  space  at 
the  back  part  of  the  chest.  In  an  embryo,  16  lines  in  length,  their  proportionate 
weight  to  the  body  was  found  by  Meckel  to  be  1 to  25  ; in  another,  29  lines  long, 
it  was  1 to  27  ; in  another  4 inches  in  length,  1 to  41  ; and  at  the  full  period,  1 
to  70.  Husclike  found  that  the  lungs  of  still-bom  male  children  were  heavier  in 
proportion  to  the  weight  of  the  body  than  those  of  female  children  ; the  ratio 
being,  amongst  females,  1 to  76,  and  in  males,  1 to  55. 

The  lungs  undergo  very  rapid  and  remarkable  changes  after  birth,  in  conse- 
quence of  the  commencement  of  respiration  : these  affect  then-  size,  position, 
form,  consistence,  texture,  colour,  and  weight,  and  should  be  carefully  studied, 
as  furnishing  the  only  means  of  distinguishing  between  a still-born  child  and 
one  that  has  respired. 

1.  Posit  um,  size,  and  form. — In  a foetus  at  the  full  period,  or  in  a still-bom 
child,  the  lungs,  comparatively  small,  lie  packed  at  the  back  of  the  thorax,  and 
do  not  entirely  cover  the  sides  of  the  pericardium  ; subsequently  to  respiration, 
they  expand,  and  completely  cover  the  pleural  portions  of  that  sac,  and  are  also 
in  contact  with  almost  the  whole  extent  of  the  thoracic  wall,  where  it  is  covered 
with  the  pleural  membrane.  At  the  same  time,  then-  previously  thin  sharp  margins 
become  more  obtuse,  and  their  whole  form  is  less  compressed. 

2.  Consistence,  texture,  and  colour. — The  introduction  of  air  and  of  an  increased 
quantity  of  blood  into  the  foetal  lungs,  which  ensues  immediately  upon  birth, 
converts  their  tissue  from  a compact,  heavy,  granular,  yellowish-pink,  gland-like 
substance,  into  a loose,  light,  rose-pink,  spongy  structure,  which,  as  already  men- 
tioned, floats  in  water.  The  changes  thus  simultaneously  produced  in  their 
consistence,  colour,  and  texture,  occur  first  at  their  anterior  borders,  and  proceed 
backwards  through  the  lungs  : they,  moreover,  appear  in  the  light  lung  a little 
sooner  than  in  the  left. 

3.  Weight. — The  absolute  weight  of  the  lungs  having  gradually  increased  from 
the  earliest  period  of  development  to  birth,  undergoes  at  that  time,  from  the 
quantity  of  blood  then  poured  into  them,  a very  marked  addition,  amounting  to 
more  than  one  third  of  their  previous  weight : for  example,  the  lungs  before 
birth  weigh  about  one  and  a half  ounce,  but,  after  complete  expansion  by  respi- 
ration, they  weigh  as  much  as  two  and  a half  ounces.  The  relative  weight  of  the 
lungs  to  the  body,  which  at  the  termination  of  intra-uterine  life  is  about  1 to  < 0, 
becomes,  after  respiration,  on  an  average,  about  1 to  35  or  40  ; a proportion, 
which  is  not  materially  altered  through  life.  The  sgweife  gravity  is  at  the  same 
time  changed  from  1'056  to  about  -342. 

4.  Changes  in  the  trachea  after  birth. — In  the  foetus  the  trachea  is  flattene 
before  and  behind,  its  anterior  surface  being  even  somewhat  depressed  ; the  ends 
of  the  cartilages  touch  ; and  the  sides  of  the  tube,  which  now  contains  only 
mucus,  are  applied  to  one  another.  The  effect  of  respiration  is  at  first  to  render 
the  trachea  open,  but  it  still  remains  somewhat  flattened  in  front,  and  only  later 
becomes  convex. 
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Thp  rnnt  nf  each  Inner  is  composed  of  the  bronchus  and  the  large 
blood-vessels/together  with  the  ierves,  lymphatic  vessels  and  glands, 
connected  together  by  areolar  tissue,  and  enclosed  m a sheath  of  the 


pleura. 


The  root  of  the  right  lung  lies  behind  the  superior  vena  cava  and 
part  of  the  right  auricle,  and  below  the  azygos  vein,  which  arches  over 
If  in  order  the  superior  cava.  That  of  the  left  lung  passes  below  the 
arch  ofttetrS  and  in  front  of  the  descending  aorta.  The  phrenic 
nerve  descends  in  front  of  the  root  of  each  lung,  and  the  pneumogastric 
nerve  behind,  whilst  the  ligamentnm  latum  pulmonis  is  continued  from 
the  lower  border.  The  bronchus,  together  with  the  bronchial  arteries 
and  veins  the  lymphatics  and  lymphatic  glands,  are  placed  on  a plane 
posterior  ’to  the  great  blood-vessels ; the  pulmonary  artery  lies  more 
forward  than  the  bronchus,  and  to  a great  extent  conceals  it,  whilst  the 
pulmonary  veins  are  placed  still  farther  in  advance.  The  pulmonary 
plexuses  of  nerves  lie  ou  the  anterior  and  posterior  aspect  of  the  root, 
beneath  the  pleura,  the  posterior  being  the  larger  of  the  two. 

The  order  of  position  of  the  great  air-tube  and  pulmonary  vessels 
from  above  downwards  differs  on  the  two  sides ; for  whilst  on  the  right 
side  the  bronchus  is  highest  and  the  pulmonary  artery  next,  on  the  left, 
the  air-tube,  in  passing  obliquely  beneath  the  arch  ot  the  aorta,  is 
■depressed  below  the  level  of  the  left  pulmonary  artery,  which  is  the 
highest  vessel.  On  both  sides  the  pulmonary  veins  are  the  lowest  of 
the  three. 

Before  entering  the  substance  of  the  lung,  the  bronchus  divides  into 
two  branches,  an  upper  and  a lower,  one  for  each  lobe.  The  lower 
branch  is  the  larger  of  the  two,  and  on  the  right  side  gives  off  a third 
■small  branch  which  enters  the  middle  lobe  of  that  lung. 

The  pulmonary  artery  also  divides,  before  penetrating  the  lung  to 
which  it  belongs,  into  two  branches,  of  which  the  lower  is  the  larger 
and  supplies  the  inferior  lobe.  On  the  right  side  the  upper  of  these 
.two  branches  gives  the  branch  to  the  middle  lobe.  A similar  arrange- 


O 

ment  prevails  in  regard  to  the  right  pulmonary  veins,  the  upper  one 
■of  which  is  formed  by  branches  proceeding  from  the  superior  and 


middle  lobes  of  the  right  lung. 
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Coverings. — Beneath  the  serous  covering,  already  noticed,  there  is 
placed  a thin  layer  of  subseroas  areolar  tissue  mixed  with  a large  number 
-of  elastic  fibres.  It  is  continuous  with  the  areolar  tissue  in  the  interior 
of  the  lung,  and  has  been  described  as  a distinct  coat  under  the  name 
■of  the  second  or  deeper  layer  of  the  pleura.  In  the  lungs  of  many 
animals,  such  as  the  lion,  seal,  and  leopard,  this  subserous  layer  forms 
n very  strong  membrane,  composed  principally  of  elastic  tissue  ; in 
others,  for  instance  the  guinea-pig,  a network  of  plain  muscular  fibres 
is  found  which  have  a general  radiating  direction  from  the  apex.  A 
close  plexus  of  lymphatic  vessels  is  also  met  with  in  tins  sub-pleural 
tissue  : these  vessels  communicate  on  the  one  side  hv  means  of  stomata 
with  the  pleural  cavity,  and  on  the  other,  as  will  be  afterwards  noticed, 
with  a network  of  similar  vessels  in  the  interalveolar  septa  of  the  lungs 
(Klein). 

t 2 
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Pulmonary  substance. — The  substance  of  the  lung  is  mainly  com- 
posed of  numerous  small  lobules  which  are  attached  to  the  ramifications 
of  the  air-tubes,  and  are  held  together  by  those  tubes,  by  the  blood- 
vessels, and  by  interlobular  areolar  tissue.  These  lobules  are  of 
various  sizes,  the  smaller  uniting  into  larger  ones ; they  are  bounded 
by  flattened  sides,  and  compactly  fitted  to  each  other  and  to  the  larger 
air-tubes  and  vessels  of  the  lungs,  those  on  the  surface  of  the  organ 
having  bases,  turned  outwards,  from  half  a line  to  a line  in  diameter. 
Though  mutually  adherent  by  means  of  fine  areolar  tissue,  they  are 
quite  distinct  one  from  the  other,  and  may  be  readily  separated  by 
dissection  in  the  lungs  of  young  animals,  and  in  those  of  the  human 
foetus.  They  may  be  regarded  as  lungs  in  miniature,  the  same  elements 
entering  into  their  composition  as  form  the  lung  itself.  The  structure 
of  a single  lobule  represents  in  fact  that  which  is  essential  in  the  entire 
organ,  each  being  made  up  of  the  following  constituents : the  air-tubes 
and  their  terminating  air-cells,  the  ‘pulmonary  and  bronchial  blood- 
vessels, with  lymphatics,  nerves,  and  interstitial  areolar  tissue. 

The  principal  divisions  of  the  bronchi,  as  they  pass  into  the  lungs, 
divide  into  tubes  of  less  calibre,  and  these  again  subdivide  in  succes- 
sion into  smaller  and  smaller  bronchial  tubes,  or  bronchia,  which, 


Fig.  182. 


Fig.  182. — Portion  of  Transverse  Section  of  a Bronchial  Tube  (|-inch  in  Diameter) 
(F.  E.  Schultze).  Magnified  30  Diameters. 

a,  cartilage  and  fibrous  layer  with  mucous  glands,  and,  in  the  outer  part,  a little  fat, 
in  the  middle,  the  duct  of  a gland  opens  on  the  inner  surface  of  the  tube  ; b,  annular  . 
layer  of  involuntary  muscular  fibres  ; c,  elastic  layer,  the  elastic  fibres  in  bundles  which 
are  seen  cut  across  ; d,  columnar  ciliated  epithelium. 


diverging  in  all  directions,  never  anastomose,  but  terminate. separately 
in  the  pulmonary  lobules.  The  prevailing  form  of  division  is  dichoto- 
mous ; but  sometimes  three  branches  arise  together,  and  often  lateral 
branches  are  given  off  at  intervals  from  the  sides  of  a main  trunk. 
The  larger  branches  diverge  at  rather  acute  angles,  but  the  more  remote 
and  smaller  ramifications  spring  less  and  less  acutely.  After  a certain 
stage  of  subdivision  each  bronchial  tube  is  reduced  to  a very  small  size, 
and,  forming  what  has  been  termed  a lobular  bronchial  tube  (fig.  184, 
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enters  a distinct  pulmonary  lobule,  within  which  it  undergoes  still 
ferther  division,  and  at  last  ends  in  the  small  recesses  named  mr-cclls, 

are  nofc  Hh  the 

bronchi  and  trachea,  hut  form  completely  cylmdi 
although  they  contain  the  same  elements  as  the  larger  an -passages, 
reduced  0-radually  to  a state  of  greater  and  greater  tenuity  they  possess 
leS  peculiarities  of  structure.  Thus,  the  cartilages  no  longer  appear 
as  imperfect  rings  running  only  upon  the  front  and  lateral  surfaces  of 
the  aSube,  but  are  disposed  over  all  sides  of  the  tube  in  the  form  of 
irregularly  shaped  plates  and  incomplete  rings  of  various  sizes.  T lese 
are  most  developed  at  the  points  of  division  of  the  bronchia  where  they 
form  a sharp  concave  ridge  projecting  inwards  into  the  tube.  T 5 
may  he  traced,  becoming  rarer  and  rarer  and  more  reduced  in  size,  as 
far  as  bronchia  only  one-half  a line  in  diameter,  beyond  which  the 
tubes  are  entirely  membranous.  The  fibrous  coat  extends,  to  the 
•smallest  tubes,  becoming  thinner  by  degrees  and  degenerating  into 
areolar  tissue.  The  mucous  membrane,  which  extends  throughout  the 
whole  system  of  air  passages,  is  also  thinner  than  in . the  trachea  and 
bronchus,  hut  it  retains  its  ciliated  columnar  epithelium,  (fig.  182,  a). 
The  longitudinal  bundles  of  elastic  fibres  (fig.  182,  c,  in  transverse 
section)  are  very  distinct  in  both  the  large  and  small  bronchia, 
and  may  be  followed  by  dissection  as  far  as  the  tube  ^ can  be 
laid  open,  and  by  the  microscope  into  the  smallest  tubes.  The  mus- 
cular fibres,  which  in  the  trachea  and  bronchi  are  confined  to  the  back 


a,  pulmonary  vesicles  filled 
artificially  with  wax  ; b,  the 
margins  of  the  smallest  lobules. 

part  of  the  tube,  sur- 
round the  bronchial 
tubes  with  a continuous 
layer  of  annular  fibres, 
lying  inside  the  carti- 
laginous plates  (fig. 

182,  b)  ; they  are 
found,  however,  beyond 
the  place  where  the  car- 
tilages cease  to  exist,  and  appear  as  irregular  annular  fasciculi  even 
in  the  smallest  tubes. 


Fig.  183. — Portion  op  the 
Outer  Surface  of  the 
Cow’s  Luna  (from  Kolliker 
after  Harting).  Magnified 
30  Diameters. 


Fig.  183. 


The  air-cells  are  grouped  around  the  terminations  of  each  lobular 
bronchial  tube,  and,  in  the  natural  state,  are  always  filled  with  air. 
They  are  readily  seen  on  the  surface  and  in  a section  of  a lung,  which 
has  been  inflated  with  air  and  dried;  also  upon  portions  of  foetal  or 
adult  lung  injected  with  mercury  or  wax  (fig.  183,  a,  a).  In  the  lungs 
of  some  animals,  as.  of  the  lion,  cat,  and  dog,  they  are  very  large, 
and  are  distinctly  visible  on  the  surface  of  the  organ.  In  the  adult 
human  lung  their  most  common  diameter  is  about  xoo^i  of -an  inch, 
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Fie.  184. 


but  it  varies  from  -j-^th  to  T\jth  of  an  incli ; they  are  larger  on  the 
surface  than  in  the  interior,  and  largest  towards  the  thin  edges  of  the 
organ : they  are  also  said  to  be  very  large  at  the  apex  of  the  lung. 
Their  dimensions  go  on  increasing  from  birth  to  old  age,  and  they  are 
larger  in  men  than  in  women.  In  the  infant  the  diameter  is  usually 
under  ^-J-^th  of  an  inch. 

The  small  bronchial  tube,  as  already  stated,  entering  a lobule  divides 
and  subdivides  a variable  number  of  times,  according  to  the  size  of  the 
lobule  ; its  divisions,  losing  their  cylindrical  form,  and  being  converted 
into  irregular  lobular  passages,  are  beset,  at  first  sparingly,  but  after- 
wards closely  and  on  all  sides,  with  numerous  little  recesses  or  dilata- 
tions, and  ultimately  terminate  near  the  surface  of  the  lobule  in  a group 
of  similar  recesses.  These  small  recesses,  whether  seated  along  the 

course  or  at  the  extremity  of  an  air  pas- 
sage, are  the  air-cells,  or  alveoli;  and 
each  group  of  alveoli,  with  the  compara- 
tively large  passage  between  them,  con- 
stitutes an  ultimate  lobule,  or  infundi- 
bulum, so  called  from  the  manner  in 
which  it  dilates  towards  its  extremity. 
The  arrangement  of  these  finest  air- 
passages  and  air-cells  closely  resem- 
bles, though  on  a smaller  scale,  the 
reticulated  structure  of  the  tortoise’s 
lung,  in  which  large  open  passages  lead 
in  all  directions  to  clusters  of  wide 
alveoli,  separated  from  each',  other  by 
intervening  septa  of  various  depths. 

At  the  point  where  the  small  bron- 
chial tubes  lose  their  cylindrical  cha- 
racter, and  become  covered  on  all  sides 
with  the  cells,  their  structural  elements 
also  undergo  a change.  The  muscular 
layer  disappears  or  almost  so,  the  longi- 
tudinal elastic  bundles  are  broken  up 
into  an  interlacement  of  areolar  and 
elastic  tissue,  which  surrounds  the  com- 
mencements of  the  infundibula,  and  the 
columnar  ciliated  epithelium  gives 
place  to  a stratum  of  cubical  non- 
ciliated  cells.  The  walls  of  the  alveoli,  which  mainly  consist  of  an 
indistinctly  fibrillated  connective  tissue  with  corpuscles  scattered  here 
and  there,  are  supported  and  strengthened  by  scattered  and  coiled 
elastic  fibres,  especially  numerous  near  their  orifices,  in  addition  to 
which,  according  to  Moleschott  and  others,  there  is  likewise  an  inter- 
mixture of  muscular  fibre-cells.  The  air-cells  are  lined  by  a delicate 
layer  of  tesselated  epithelium,  which  is  most  easily  demonstrated  in  the 
young  subject  (fig.  185)  but  is  present  also  in  the  adult:  here,  however, 
the  cells  are  less  regular  both  in  size  and  shape.  Their  outlines  may 
best  be  brought  into  view  by  treating  the  tissue  with  nitrate  of  silver  : 
their  nuclei  are  for  the  most  part  round,  and  are  thus  distinguishable 
from  the  more  oval  nuclei  of  the  connective  tissue  and  walls  ot  the 
blood-vessels.  A number  of  granular  rounded  amoeboid  cells  are  usually 


Fig.  184.  — Semidiagrammatio  re- 
presentation of  Two  Infundibu- 
la, FROM  NEAR  THE  SURFACE  OF 
tee  Lung  of  a New-Born  Child 
(from  Kolliker).  25  Diameters. 

a,  exterior  of  the  two  lobuli  or 
infundibula  ; 1),  pulmonary  vesicles 
or  alveoli  on  these  and  on  c,  the 
smallest  bronchial  ramifications. 


PULMONARY  VESSELS. 
Fig.  185. 


Fig.  185. — An 
Nitrate  of 
Some 


Alveolus  from  the  Lung  of  a new-born  Child,  stained  with. 
Silver  to  show  the  Epithelium  (F.  E.  Schultze).  500  Diameters. 

of  tlie  cells  are  mucli  more  distinct  and  granular  than  the  rest. 


to  be  found  free  in  the  air-cells  and  smaller  bronchial  tubes  : not 
nnfrequently  they  contain  carbonaceous  particles.  It  is  conceivable 
that  by  the  migration  of  these  cells  into  the  pulmonary  tissue,  the 
carbon  particles  may  be  conveyed  into  the  substance  of  the  lung  and 
thence  into  the  lymphatics  and  bronchial  glands. 


Fig.  186.  Fig-  187. 


Fig.  186. — Capillary  Network  of  the  Human  Lung  (Kolliker).  60  Diameters. 

Fig.  18/.  — Capillary  Network  of  the  Pulmonary  Vesicles]  of  the  Horse  (from 
Frey  after  a preparation  by  Gerlach).  100  Diameters. 

a,  the  capillary  network  ; b,  the  terminal  branches  of  the  pulmonary  artery  passing 
towards  and  surrounding  in  part  each  pulmonary  vesicle. 


278 


THE  LUNGS. 


Pulmonary  vessels. — The  capillary  network  of  the  rmlmnnnr, 

f18G  ;lll<!  187)  is  8Pread  beneath  the  epithelium  of  the  air 
cells,  and  is  found  wherever  the  finest  air-tubes  have  lost  their  cvlin' 
dnea!  character,  and  become  beset  with  alveoli.  Around  the  exterior 


of  an  lnc,b  the  capillary  network  arises,  and  covers  the 
bottom  of  each  alveolus,  passing  also  into  the  interalveolar  septa 
between  the  walls  of  adjacent  air-cells,  and  surrounding  the  mouths 
of  these.  As  was  pointed  out  by  Rainey,  the  capillary  network,  in  the 
partitions  between  contiguous  alveoli,  is  single  in  the  lungs  of  man  and 
mammalia,  although  it  forms  a double  layer  in  the  lungs  of  reptiles 

-the  capillaries  are  very  fine,  measuring,  in  injected  specimens 
nom  a 540  h to  Tcnro^k  of  an  inch;  the  network  is  so  close  that 
the  meshes  are  scarcely  wider  than  the  vessels  themselves  Those 
vessels  which  lie  nearest  to  the  mouths  of  the  alveoli  are  observed  archine- 
and  coiled  over  and  amongst  the  elastic  fibres  found  in  the  interalveolar 
septa.  1 he  capillaries  are  very  superficial,  being  covered  only  by  the 
thin  layer  of  tesselated  epithelium  above  mentioned. 

The  branches  of  the  pulmonary  artery  accompany  the  bronchial  tubes 
but  they  subdivide  more  frequently,  and  are  much  smaller,  especially 
in  their  remote  ramifications.  They  ramify  without  anastomoses,  and 
at  length  terminate  upon  the  walls  of  the  air-cells  and  on  those  of  the 
bronchia  111  the  fine  and  dense  capillary  network,  from  which  the  radicles 
of  the  pulmonary  veins  arise.  The  smaller  branches  of  these  veins, 
especially  near  the  surface  of  the  lung,  frequently  do  not  accompany  the 
bronchia  and  arterial  branches,  but  are  found  to  run  alone  for  a short 
distance  through  the  substance  of  the  organ,  finally  joining  some 
deeper  vein  which  passes  by  the  side  of  a bronchial  tube,  and  also 
forming,  according  to  Rossignol,  frequent  lateral  communications. 
Ihe  veins  coalesce  into  large  branches,  which  at  length  accom- 
pany the  arteries,  and  thus  proceed  to  the  root  of  the  lung.  I11  their 
course  through  the  lung,  the  artery  is  usually  found  above  and  in  front 
of  a bronchial  tube,  and  the  vein  below. 

The  pulmonary  vessels  differ  from  the  systemic  in  regard  to  their 
contents,  inasmuch  as  the  arteries  convey  dark  blood,  whilst  the  veins 
carry  red  blood.  The  pulmonary  veins,  unlike  the  other  veins  of  the 
body,  are  not  more  capacious  than  their  corresponding  arteries  ; indeed, 
according  to  Winslow,  Santorini,  Haller,  and  others,  they  are  somewhat 
less  so.  These  veins  have  no  valves.  Lastly,  it  may  be  remarked  that, 
whilst  the  arteries  of  different  lobules  are  independent  (except  where  a 
branch  of  artery  supplies  two  or  three  lobules)  their  veins  freely 
anastomose. 

The  bronchial  vessels. — The  bronchial  arteries  and  veins,  which  are 
much  smaller  than  the  pulmonary  vessels,  carry  blood  for  the  nutrition  of 
the  lung.  The  bronchial  arteries,  from  one  to  three  in  number  for  each 
lung,,  arise  from  the  aorta,  or  from  an  intercostal  artery,  and  follow  the 
divisions  of  the  air-tubes  through  the  lung.  They  are  ultimately  dis- 
tributed in  three  ways  : (1)  many  of  their  branches  ramify  in  the 
bronchial  lymphatic  glands,  the  coats  of  the  large  blood-vessels,  and 
in  the  fibrous  and  muscular  walls  of  the  large  and  small  air-tubes,  and 
give  supply  to  a copious  capillary  plexus  in  the  bronchial  mucous  mem- 
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i t i bronchial  tubes  is  continuous  with  that  supplied 

brane,  which  m “oncmai  ^ geg  in  the  interlobular 

by  the  pulmonary  aiteiy  ’ (0  ° ^ oufc  upon  the  surface  of  the  lung- 

areolar  tissue;  (3)  be  ? lges  aDC[  a capillary  network.  These 

as  the  bioncliial  sHe  , I veins.  The  superficial  and  deep 

°^k  » the  ^ f e 

toto  the  vena  azygos,  and  on  the  left  usually  into  the  superior  inter- 


00  t™»hatics.-Part  of  the  lymphatics  of  the  lung  take  origin  from 
lvmphaUc  capillaries  in  the  interalveolar  septa  ill  the  usual  manner 
Ld  where  near  the  surface  of  the  lung  come  into  connection  with  the 
Kiilmlmrcil  lymphatic  plexus,  previously  mentioned  (p.  2 / 3).  They  join 
to  form  vessels  which  accompany  the  branches  of  the  pulmonary  artery 
and  vein  running  on  those  vessels  in  twos  or  threes,  connected  by  nume- 
rous cross  branches,  and  in  some  cases,  becoming  perivascular,  even 
completely  surrounding  the  blood-vessel.  The  branched  connective 
tissue  corpuscles  with  which  these  interalveolar  lymphatics  are  in  con- 
nection at  their  origin,  send  processes  upwards  to  the  inner  surface  of 
the  alveoli,  between  the  epithelial  cells  (like  the  pseudostomata  of  the 


serous  membranes,  p.  198). 

Other  lymphatics,  which  might  be  distinguished  as  bronchial,  origi- 
nate in  the  mucous  membrane  of  the  bronchial  tubes,  where  the  con- 
nective tissue  cells  with  which  they  are  connected  send  up  processes  to 
the  surface  as  before.  From  the  plexuses  of  origin  they  pass  throug  i 
the  muscular  coat  to  be  distributed  in  the  fibrous  layer,  where  they  aie 
most  numerous  on  the  side  opposite  the  accompanying  branch  of  the 
pulmonary  artery.  Here  they  not  unfrcquently  are  found  to  enclose 
nodules  or  follicles  of  lymphoid  tissue,  like  those  described  undei 
“ Serous  Membranes.”  ] 

At  the  root  of  the  lung  the  superficial  and  deep  lymphatics  unite 
into  a few  anastomosing  trunks  before  entering  the  bronchial  lymph- 
atic glands. 

Nerves.— The  nerves  to  the  lung  come  from  the  anterior  and  pos- 
terior pulmonary  plexuses  which  are  formed  chiefly  by  branches  from  the 
pneuniogastric  nerves,  joined  by  others  from  the  sympathetic  system. 
The  fine  nervous  cords  enter  at  the  root  of  the  lung,  and  follow  the  air- 
tubes.  Their  final  distribution  requires  further  examination.  Accord- 
ing to  Remak,  whitish  filaments  from  the  par  vaguin  follow  the  bronchia 
as  far  nearly  as  the  surface  of  the  lung,  and  greyish  filaments,  proceed- 
ing from  the  sympathetic,  and  having  minute  ganglia  upon  them  in 
their  course,  pass  both  to  the  bronchial  tubes  and  pleura.  Julius 
Arnold  has  described  the  pulmonary  nerves  of  the  frog  as  ending  in 
pyriform  ganglion  cells.  (Virchow’s  Archiv.  vol.  xxviii.) 


* A few  small  branches  of  the  intercostal  arteries  also  pass  to  the  pulmonary  pleura 
and  surface  of  the  lung  through  the  ligamentum  latum  pulmonis  (Turner). 

T Burdon-Sanderson,  Report  of  Medical  Officer  to  tlie  Privy  Council,  1868.  Wywodzoff, 
Wiener  Med.  Jahrb.  xi.  1866.  E.  Klein,  Proceedings  of  the  Royal  Society,  January,  187-4. 
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THE  LARYNX,  OR  ORGAN  OF  VOICE. 

The  larynx  is  placed  at  the  upper  and  fore  part  of  the  neck,  where 
it  forms  a considerable  prominence  in  the  middle  line,  it  lies  between 
the  large  vessels  of  the  neck,  and  below  the  tongue  and  os  hyoides 
to  which  bone  it  is  suspended.  It  is  covered  in  front  by  the  cervical 
iascia  along  the  middle  line,  and  on  each  side  by  the  sterno-hyoid 
sterno-thyroid,  and  thyro-hyoid  muscles,  by  the  upper  end  of  the  thyroid 
body,  and  by  a small  part  of  the  inferior* constrictor  of  the  pharynx 
Behind,  it  is  covered  by  the  pharyngeal  mucous  membrane,  and  above 
it  opens  into  the  cavity  of  the  pharynx. 

The  larynx  consists  of  a framework  of  cartilages,  articulated  together 
and  connected  by  ligaments,  two  of  which,  named  the  true  vocal  cords 
are  more  immediately  concerned  in  the  production  of  the  voice.  It 
also  possesses  muscles,  which  move  the  cartilages  one  upon  another, 
and  modify  the  form  and  tension  of  its  apertures,  a mucous  membrane 
lining  it  internally,  numerous  mucous  glands,  and,  lastly,  blood-vessels, 
lymphatics,  and  nerves,  besides  areolar  tissue  and  fat. 

CARTILAGES  OP  THE  LARYNX. 

The  cartilages  of  the  larynx  (tig.  188)  consist  of  three  single  and 
symmetrical  pieces,  named  respectively  the  thyroid  cartilage  ( h , i),  the 
cricoid  cartilage  (d),  and  the  cartilage  of  the  epiglottis  (/),  and  of  six 
others,  which  occur  in  pairs,  namely,  the  two  arytenoid  cartilages  ( a , a), 
the  cornicula  laryngis,  and  the  cuneiform  cartilages.  In  all  there  are 
nine  distinct  pieces,  but  the  cornicula  and  cuneiform  cartilages  are  very 
small. ^ Only  the  thyroid  and  cricoid  cartilages  are  seen  on  the  front 
and  sides  ot  the  larynx ; the  arytenoid  cartilages,  surmounted  by  the 
cornicula  laryngis,  together  with  the  back  of  the  cricoid  cartilage,  on 
which  they  rest,  form  the  posterior  wall  of  the  larynx,  whilst  the 
epiglottis  is  situated  in  front  of,  and  the  cuneiform  cartilages  on  each 
side  of  the  upper  opening. 

The  thyroid  cartilage,  the  largest,  consists  of  two  flat  lateral  plates 
which  are  continuous  in  front,  forming  a narrow  angle  with  one  another 
like  the. letter  V,  most  prominent  at  the  upper  part.  This  angular  pro- 
jection is  subcutaneous,  and  is  much  more  marked  in  the  male  than  in 
the  female,  being  named  in  the  former  the  pomum  Adami.  The  two 
symmetrical  halves,  named  the  alee,  are  somewhat  quadrilateral  in  form : 
of  each  half  the  anterior  border  where  they  are  joined  is  the  shortest, 
the  pomum  Adami  being  surmounted  by  a deep  notch  (see  fig.  180) ; the 
free  posterior  border  is  thickened  and  vertical,  and  is  prolonged  up- 
wards and  downwards  into  two  processes  or  cornua  (fig.  188,  b,  c ) ; it 
gives  attachment  to  the  stylo-pharyngeus  and  palato-pharyngeus  muscles; 
the  upper  and  lower  border  have  each  a well-marked  sinuosity  close  to 
the  cornu  : otherwise  the  upper  is  convex,  and  the  lower  nearly  straight. 
The  flattened  external  surface  of  each  ala  is  marked  by  an  indistinct  ob- 
lique line  or  ridge  (fig.  188,  immediately  below  e),  which,  commencing  at 
a tubercle,  situated  at  the  back  part  of  the  upper  border,  passes  down- 
wards and  forwards,  so  as  to  mark  off  the  anterior  three-fourths  of  the 
surface  from  the  remainder.  This  line  gives  attachment  below  to  the 
sternohyoid,  and  above  to  the  thyro-hyoid  muscle,  whilst  the  small 
smooth  surface  behind  it  gives  origin  to  part  of  the  inferior  constrictor 
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of  the  pharynx,  and 
the  thyroid  body, 
and  slightly  concave. 


affords  attachment  by  means  of  areolar  tissue,  to 
On  their  internal  surfaces,  the  two  alas  are  smooth 
Of  the  four  cornua,  all  of  which  bend  mu  aids, 


Fig.  188.  — Cartilages  op  the 
Larynx  seen  from  behind  and 
on  the  Right  (Bishop). 

7i,  i,  thyroid  cartilage ; the  right 
ala  is  seen  foreshortened  ; below  e,  the 
oblique  line  on  its  outer  surface;  o, 
superior,  and  c,  inferior  cornu  of  the 
right  side  ; d,  cricoid  cartilage  ; to  the 
left  of  h,  anterior  narrow  part  of  the 
ring  ; a,  a,  arytenoid  cartilages  ; / , /, 
epiglottis,  the  lines  point  to  little 
pits  (for  glands)  on  its  surface. 

the  two  superior  or  great  cornua 
(fig.  1SS,  b,  b),  pass  slightly 
backwards,  and  terminate  each 
by  a blunt  extremity,  which  is 
connected,  by  means  of  the 
lateral  thyro-liyoid  ligament, 
to  the  tip  of  the  corresponding 
great  cornu  of  the  os  hyoides 
(fig.  180).  The  inferior  or 
smaller  cornua  (fig.  188,  c ), 
which  are  somewhat  thicker 
but  shorter,  are  directed 
slightly  forwards,  and  each 
presents,  on  the  inner  aspect 

of  the  tip,  a smooth  surface,  . 

for  articulation  with  a prominence  on  the  side  of  the  cricoid  cartilage. 

The  cricoid  cartilage  (fig.  188,  d),  so  named  from  being  shaped 
like  a signet-ring,  is  thicker  and  stronger  than  the  thyroid.  > It  is 
deep  behind,  where  the  thyroid  cartilage  is  deficient,  measuring  in 
the  male  about  an  inch  from  above  downwards  ; but  in  front  its 
vertical  measurement  is  diminished  to  a fourth  or  a fifth  of  an  inch. 
Corresponding  with  this,  the  superior  border  is  markedly  elevated 
behind,  and  descends  with  a deep  concavity  in  front  below  the 
thyroid  cartilage  ; while  the  inferior  border  is  horizontal,  and  connected 
by  membrane  to  the  first  ring  of  the  trachea.  The  posterior  elevated 
part  of  the  upper  border  is  slightly  depressed  in  the  middle  line  (fig. 
188) ; and  on  the  sides  of  this  depression  are  two  convex  oval  articular 
facets,  directed  upwards  and  outwards,  which  form  a movable  joint  with 
the  arytenoid  cartilages.  The  external  surface  of  the  cartilage  is  convex 
and  smooth  in  front  and  at  the  sides,  where  it  affords  attachment  to  the 
crico-thyroid  muscles,  and  behind  these  to  the  inferior  constrictors  of 
the  pharynx  : in  the  middle  line  posteriorly  is  a slight  vertical  ridge 
(fig.  180,  c)  to  which  some  of  the  longitudinal  fibres  of  the  oesophagus 
are  attached.  On  each  side  of  this  ridge  is  a broad  depression  occupied 
by  the  posterior  crico-arytenoid  muscle,  outside  which  is  a small 
rounded  and  slightly  raised  surface  for  articulation  on  either  side  with 
the  inferior  cornu  of  the  thyroid  cartilage  (fig.  188,  c ).  The  internal 
surface  is  covered  throughout  by  the  mucous  membrane  of  the  larynx. 
The  lower  border  of  the  cricoid  is  circular,  but  higher  up  the  cartilage 


Fig.  188. 
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is  somewhat  compressed  laterally,  so  that  the  passage  through  it  i« 
here  elliptical. 

The  arytenoid  cartilages  (figs.  188,  189,  a)  are  two  in  number,  and 
are  symmetrical  on  each  side.  They  may  be  compared  to  three-sided 
pyramids  recurved  at  the  summit,  resting  by  their  bases  on  the  posterior 
and  highest  part  of  the  cricoid  cartilage,  and  with  their  tips  approaching 
one  another.  Each  measures  five  to  six  lines  in  height,  about  three 
in  width,  and,  in  the  middle  of  its  inner  surface,  rather  more  than  a line 
from  before  backwards.  Of  the  three  faces  the  posterior  is  broad,  trian- 
gular, and  excavated  from  above  downwards,  lodging  part  of  the  aryte- 
noid muscle.  The  anterior,  convex  in  its  general  outline,  and  somewhat 
rough,  gives  attachment  to  the  thyro-arytenoid  muscle,  and,  by  a small 
tubercle,  to  the  corresponding  superior  or  false  vocal  cord.  The 
internal  surface,  which  is  the  narrowest  of  the  three,  and  slightly  con- 
vex, is  nearly  parallel  with  that  of  the  opposite  cartilage,  and  is  covered 
by  the  laryngeal  mucous  membrane.  The  anterior  and  posterior 
borders,  which  limit  the  internal  face,  ascend  nearly  in  the  same  vertical 
plane,  whilst  the  external  border,  which  separates  the  anterior  from  the 
posterior  surface,  is  directed  obliquely  upwards  and  inwards. 

The  base  of  each  arytenoid  cartilage  is  slightly  hollowed,  having 
towards  its  inner  part  a smooth  surface  for  articulation  noth  the  cricoid 
cartilage.  Twto  of  its  angles  are  remarkably  prominent,  viz.,  one 
external,  short,  and  rounded,  which  projects  backwards  and  outwards, 
and  into  which  the  posterior  and  the  lateral  crico-arytenoid  muscles 
are  inserted  ; the  other  anterior,  which  is  more  pointed,  and  forms  a 
horizontal  projection  forwards,  to  which  the  corresponding  true  vocal 
cord  is  attached. 

The  apex  curves  backwards  and  a little  inwards,  and  terminates  in  a 

Fig.  189. — Outline  showing  the 
Position  and  Form  of  the  Ary- 
tenoid Cartilages  from  behind. 
One-half  the  Natural  Size. 
h,  hyoid  bone  ; t,  the  superior,  and 
t',  the  inferior  cornu,  of  the  thyroid 
cartilage  ; c,  placed  on  the  median 
ridge  of  the  back  of  the  cricoid  carti- 
lage ; a,  placed  between  the  two  ary- 
tenoid cartilages,  to  which  the  letter 
points  by  two  dotted  lines  ; the  carti- 
lages of  Santorini  or  cornicula  are 
shown  above  the  upper  angles ; t r,  the 
trachea. 

blunt  point,  which  is  sur- 
mounted by  a small  cartila- 
ginous appendage  named 
“ corniculum  laryngis.” 

The  cornicula  laryngis, 
or  cartilages  of  Santorini 
are  two  small  yellowish  carti- 
laginous nodules  of  a some- 
what conical  shape,  which  are 
articulated  with  the  summits  of  the  arytenoid  cartilages  (fig.  1S9),  and 
serve  as  it  were  to  prolong  them  backwards  and  inwards.  They 
sometimes  form  part  of  the  arytenoid  cartilages. 
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ligament  of  the  larynx. 

_ ,-1  n(J.M  or  cartilages  of  Wrisberg,  arc  two  very 

The  cuneiform  caitilag  , , n-eg  p]ace(j  one  on  each  side,  in 

small,  soft,  yellowish  cai  1 < • =>  ^ i ^ extcn(}s  from  the  summit  of  the 

the  fold  of  the  mucous  membnme ^hich  gtends^L^  ^ ^ 

arytenoid  cartilage  to  the  ep  B ^ small  elevations  of  the  mu- 

the  base  ducted  upwards,  They occas  ^ Sallt0rini,  with 

cous  membrane,  a little  m aavmme  , 

which,  howeycr,  thcy^am  no  . ^ ^ is  a median  lamella  of  yellow 
The  epiglottis  (hD.  1 , ,’q  .j ° ovate  or  obcordate  leaf,  and  covered 
cartilage,  shaped  somew  l d in  front  0f  the  superior  opening 

b?  T"  in  the  ordinary  condition/  upwards  im- 

°f  frill lwhinl  the  ba°se  of  the  tongue  ; but  during  the  act  of 
OTaliowin<rbit  is  carried  downwards  and  backwards  over  the  entrance 
inin  thp  larvnx  which  it  covers  and  protects.  f 

The  cartilage  of  the  epiglottis  is  broad  and  rounded  at  its  upper  free 
margin  but  hiferiorly  it  becomes  pointed,  and  is  prolonged  by  means  of 
a loner  narrow,  fibrous  band  (the  thyro-epiglothc  ligament)  to  the  deep 
angular  depression  between  the  aim  of  the  thyroid  cartilage,  to  which  it 
is  attached!  behind  and  below  the  median  notch.  Its  lateral bordeis, 
which  are  convex  and  turned  backwards,  are  only  partly  free,  the  lower 
parts  being  enveloped  in  the  aryteno-epiglottic  folds  of  mucous  mem- 
brane. The  anterior  or  lingual  surface  is  free  only  m its  uppei  pait, 
where  it  is  covered  by  mucous  membrane.  Lower  down,  the  membrane 
is  reflected  from  it  forwards  to  the  base  of  the  tongue,  forming  three 
folds  or  fr amnia,  the  middle  and  lateral  glosso-epiglottidean  folds,  Ih  s 
surface  is  also  connected  below  with  the  posterior  surface  of  the  os 
hyoides  by  means  of  a median  elastic  structure  named  the  hyo-epiglottic 
ligament.  The  posterior  or  laryngeal  surface,  which  is  free  m the  whole 
of  its  extent,  is  concavo-convex  from  above  downwards,  but  concave 
from  side  to  side  : the  convexity  projecting  backwards  into  the  larynx 
is  named  the  tubercle  or  cushion.  The  epiglottis  is  closely  covered 
bv  mucous  membrane,  on  removing  which,  the  yellow  cartilaginous 
lamella  is  seen  to  be  pierced  by  numerous  little  pits  and  perforations, 
in  which  are  lodged  small  glands  which  open  on  the  surface  ot  the 

mucous  membrane.  . . 

Structure  of  the  cartilages  of  the  larynx.  I lie  epiglottis, 
the  cornicula  laryngis  and  the  cuneiform  cartilages,  are  composed  ot 
elastic  or  yellow  fibro-cartilage  (p.  78),  and  have  little  tendency  to  ossify. 
The  structure  of  all  the  other  cartilages  of  the  larynx  resembles 
generally  that  of  the  costal  cartilages  (p.  75),  like  which,  they  are  very 
prone  to  ossification  as  life  advances. 


LIGAMENTS  AND  JOINTS  OP  THE  LARYNX. 

The  larynx  is  connected  with  the  hyoid  hone  by  a broad  membrane 
ending  at  the  sides  in  two  round  lateral  ligaments.  The  thyro-hyoid 
membrane  or  middle  thyro-hyoid  ligament,  is  a broad,  fibrous, 
and  somewhat  elastic  membrane,  which  passes  up  from  the  whole  length 
of  the  superior  border  of  the  thyroid  cartilage  to  the  hyoid  bone,  where 
it  is  attached  to  the  posterior  and  upper  margin  of  the  obliquely  inclined 
inferior  surface.  Owing  to  this  arrangement,  the  top  of  the  larynx, 
when  drawn  upwards,  is  permitted  to  slip  within  the  circumference  of 
the  hyoid  bone,  between  which  and  the  upper  part  of  the  thyroid  carti- 
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|ngc  there  is  occasionally  found  a small  synovial  bursa.  Tlie  tlivm 
hyoid  membrane  is  thick  where  subcutaneous  towards  the  middle  lino* 
but  at  the  sides  becomes  thin  and  loose,  and  is  covered  by  the  ttivr/’ 
hyoid  muscles.  Behind,  is  the  epiglottis  with  the  mucous  membrane 
oi  the  base  of  the  tongue,  separated,  however,  by  adipose  tissue  ‘iml 
mucous  glands.  This  ligament  is  perforated  by  the  superior  larvmUi 
artery  and  nerve  of  each  side.  The  lateral  thyro-hyoid  ligaments 
placed  at  the  posterior  limits  of  the  thyro-hyoid  membrane,  are  two 
rounded  yellowish  cords,  which  pass  up  from  the  superior  cornua  of  the 
thyroid  cartilage,  to  the  extremities  of  the  great  cornua  of  the  hyoid 
bone.  They  are  distinctly  elastic,  and  frequently  enclose  a small  oblong 
cartilaginous  nodule,  which  has  been  named  ccirtilaqo  triticeci:  some, 
times  this  nodule  is  bony. 

The  thyroid  and  cricoid  cartilages  are  connected  together  by  a mem- 
branous ligament  and  synovial  articulations.  The  crico-thyroid 
membrane  is  divisible  into  a mesial  and  two  lateral  portions.  The 
mesial  portion,  broad  below  and  narrow  above,  is  a strong  triangular 
yellowish  ligament,  consisting  chiefly  of  elastic  tissue,  aud°is  attached 
to  the  contiguous  borders  of  the  two  cartilages.  Its  anterior  surface  is 
convex,  is  partly  covered  by  the  crico-thyroid  muscles,  and  is  crossed 
horizontally  by  a small  anastomotic  arterial  arch,  formed  by  the  junc- 
tion of  the  crico-thyroid  branches  of  the  right  and  left  superior  thyroid 
arteries.  The  lateral  portions  are  fixed  on  each  side  along  the  inner 
edge  of  the  upper  border  of  the  cricoid  close  under  the  mucous  mem- 
brane : they  become  much  thinner  above,  where  they  are  attached  in 
front  to  the  middle  of  the  angle  between  the  aim  of  the  thyroid 
■cartilage,  and  behind  to  the  anterior  projection  of  the  base  of  the  ary- 
tenoid cartilages  : the  upper  edges  are  free  between  those  attachments 
and  form  the  inferior  thyro-arytenoid  ligaments  or  true  vocal 
cords. 

The  crico-thyroid  joints,  between  the  inferior  cornua  of  the  thy- 
roid cartilage  and  the  sides  of  the  cricoid,  are  two  small  but  distinct 
articulations,  having  each  a ligamentous  capsule  and  a synovial  mem- 
brane. The  prominent  oval  articular  surfaces  of  the  cricoid  cartilage 
are  directed  upwards  and  outwards,  while  those  of  the  thyroid  cartilage, 
which  are  slightly  concave,  look  in  the  opposite  direction.  The  cap- 
sular fibres  form  a stout  band  behind  the  joint.  The  movement 
allowed  is  of  a rotatory  description,  the  thyroid  cartilage  revolving  on 
its  inferior  cornua,  and  the  axis  of  rotation  passing  transversely 
through  the  two  joints. 

The  superior  tliyro-arytenoid  ligaments  consist  of  a few  slight 
fibrous  fasciculi,  contained  within  the  folds  of  mucous  membrane  form- 
ing the  false  vocal  cords  hereafter  to  be  described,  and  are  fixed  in 
front  to  the-  angle  between  the  aim  of  the  thyroid  cartilage,  some- 
what above  its  middle,  and  close  to  the  attachment  of  the  epiglottis  : 
behind,  they  are  connected  to  the  tubercles  on  the  rough  anterior 
surface  of  the  arytenoid  cartilages.  They  are  continuous  above  with 
scattered  fibrous  bundles  contained  in  the  aryteno-epiglottidean  folds. 

The  crico-arytenoid  joints  are  surrounded  by  a series  of  thin 
capsular  fibres,  which,  together  with  a loose  synovial  membrane,  serve 
to  connect  the  convex  elliptical  articular  surfaces  on  the  upper  border 
of  the  cricoid  cartilage  with  the  concave  articular  depressions  on  the 
bases  of  the  arytenoid  cartilages.  There  is,  moreover,  a strong  posterior 


INTERIOR  OF  THE  LARYNX. 


285 


m pnrh  side  arising  from  the  cricoid,  and 

<*  *> 

cartilage.  arytenoid  cartilages  and  the  cornicnla  laryngis 

capsule  to  couneet  them,  but  it  U 

frequently  indistinct. 


interior  op  the  larynx 

The  cavity  of  the  larynx  is  divided  into  an  upper  and  a lower  com- 
partment by  the  comparatively 


narrow  aperture  of  the  glottis,  or 
o'ima  glotticlis,  the  margins  of  which, 
in  their  two  anterior  thirds,  are 
formed  by  the  lower  or  true  vocal 
cords;  and  the  whole  laryngeal 
cavity,  viewed  in  transverse  verti- 
cal section  (fig.  1 90),  thus  presents 
the  appearance  of  an  hour-glass, 
or  of  two  funnels  meeting  together 
by  their  narrow  ends.  The  upper 
compartment  communicates  with 
the  pharynx  by  the  superior  aper- 
ture of  the  larynx,  and  contains 
immediately  above  the  rirna  glot- 
tidis  the  ventricles  (s)  and  the 
upper  or  false  vocal  cords.  The 
lower  compartment  passes  interi- 
orly into  the  tube  of  the  windpipe 
without  any  marked  constriction 
or  limitation  between  them.  The 
whole  of  the  interior  of  the  larynx 
is  lined  by  mucous  membrane. 

The  superior  aperture  of  the 
larynx,  by  which  it  communicates 
with  the  pharynx,  is  a triangular 
opening,  wide  in  front  and  narrow 
behind,  the  lateral  margins  of 
which  slope  obliquely  downwards 
and  backwards.  It  is  bounded  in 
front  by  the  epiglottis  (fig.  191,  A, 
4i,  and  fig.  192,  a),  behind  by  the 
summits  of  the  arytenoid  carti- 
lages (fig.  191,  B,  a)  and  cornicnla 
laryngis  (s)  with  the  angular  border 
of  mucous  membrane  crossing  the 
median  space  between  them,  and 
on  the  sides  by  two  folds  of  mu- 
cous membrane,  the  aryteno-epi- 
glottidean  folds,  which,  enclosing  a 
few  ligamentous  and  muscular 
fibres  and  the  cartilages  of  Wris- 


Fis.  190. 


Fig.  190. — Anterior  Half  of  a Trans- 
verse Vertical  Section  through  the 
Larynx  near  its  MinDLE(Allen  Thomson). 

1,  upper  division  of  the  laryngeal  cavity  ; 
2,  central  portion ; 3,  lower  division, 
continued  into  4,  part  of  the  trachea ; 

‘ c,  the  free  part  of  the  epiglottis ; e', 
its  cushion  ; h,  the  divided  great  cornua 
of  the  hyoid  hone  ; Jit,  thyro-liyoid  mem- 
brane ; t,  cut  surface  of  the  divided  thyroid 
cartilage  ; c,  that  of  the  cricoid  cartilage  ; 
r,  first  ring  of  the  trachea  ; ta,  tbyro-aryte- 
noid  muscle  ; vl,  thyro-arytenoid  ligament 
in  the  true  vocal  cord  covered  by  mucous 
membrane  at  the  rima  glottidis  ; s,  the 
ventricle  ; above  this,  the  superior  or  false 
cords  ; s',  the  sacculus  or  pouch  opened  on 
the  right  side. 


berg,  pass  forwards  from  the  tips  of  the  arytenoid  cartilages  and 
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comicula  to  the  lateral  margins  of  the  epiglottis  (fig.  191 : and  firr  ioo 
8,  9,  10). 

In  studying  the  form  of  the  laryngeal  cavity  and  its  apertures,  it  ig 
proper  to  become  acquainted  with  the  appearances  which  they  present 


Fig.  191.  Fig.  191. — Three  Laiiyn- 

goscofic  Views  of  the 
Superior  Aperture  op 
the  Larynx  and  Sur- 
rounding Parts  in  Dif- 
ferent States  of  the 
Glottis  during  Life  (from 
Czermak). 

A,  tlie  glottis  during  the 
emission  of  a high  note  in 
singing.  B,  in  easy  or  quiet 
inhalation  of  air.  C,  in  the 
state  of  widest  possible  dila- 
tation as  in  inhaling  a very 
deep  breath.  The  diagrams  A', 
B',  and  C',  have  been  added  to 
Czermak’s  figures  to  show  in 
horizontal  sections  of  the 
glottis  the  position  of  the 
vocal  ligaments  and  arytenoid 
cartilages  in  the  three  several 
states  represented  in  the  other 
figures.  In  all  the  figures,  so 
far  as  marked,  the  letters  in- 
dicate the  parts  as  follows, 
viz.  : l,  the  base  of  the  tongue; 
e,  the  upper  free  part  of  the 
epiglottis  ; e',  the  tubercle 
or  cushion  of  the  epiglottis  ; 
p h,  part  of  the  anterior  wall 
of  the  pharynx  behind  the 
larynx  ; in  the  margin  of  the 
aryteno-epiglottidean  fold  w, 
the  swelling  of  the  membrane 

caused  by  the  cartilages  of  Wrisberg  ; s,  that  of  the  cartilages  of  Santorini ; a,  the  tip 
of  the  arytenoid  cartilages  ; c v,  the  true  vocal  cords  or  lips  of  the  rima  glottidis  ; c v s, 
the  superior  or  false  vocal  cords  ; between  them  the  ventricle  of  the  larynx  ; in  C,  t r is 
placed  on  the  anterior  wall  of  the  receding  trachea,  and  b indicates  the  commencement 
of  the  two  bronchi  beyond  the  bifurcation,  which  may  be  brought  into  view  in  this  state  of 
extreme  dilatation. 


on  examination  during  life  by  means  of  the  laryngoscope,  and  with  the 
relations  of  these  to  the  anatomical  structure.  On  thus  examining  the 
superior  aperture,  there  are  seen  on  each  side  two  rounded  elevations 
(fig.  191,  s,  w),  corresponding  respectively'to  the  cornicula  and  the  cunei- 
form cartilages  ; while  in  the  middle  line  in  front  there  is  a tumescence 
of  the  mucous  membrane  of  the  lower  part  of  the  epiglottis,  enabling 
that  structure  to  close  the  aperture  more  accurately  when  it  is  depressed, 
and  named  the  tubercle  or  cushion  of  the  epiglottis  (e').  The  mucous 
membrane  between  the  arytenoid  cartilages  is  stretched  when  they  are 
separated  (b,  c),  and  folded  double  when  they  are  approximated  (a). 

On  looking  down  through  the  superior  opening  of  the  larynx,  the 
glottis  or  rima  glottidis  (fig.  192,  c)  is  seen  at  some  distance  below,  m 
the  form  of  a long  narrow  fissure  running  from  before  backwards.  It 

* Czermak  on  the  Laryngoscope,  translated  by  the  New  Sydenham  Society. 
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- -ihm+pfl  on  i level  with  the  lower  part  of  the  arytenoid  cartilages, 
aUt  bounded  by  the  true  focal  cords.  Above  the  glottis  another  pair 
of  proieS“  folds  is  seen,  the  superior  or  fa  se  vocal  cords,  which  are 
mnch° thinner  and  weaker  and  less  projecting  than  the  inferior,  and 


are 


Fi<r.  192. — Perspective  View  op  the  Fig- 

Pharyngeal  Opening  into  the  La- 
rynx PROM  ABOVE  AND  BEHIND  (Allen 
Thomson. ) 

The  superior  aperture  has  been  much 
dilated  ; the  glottis  is  in  a moderately 
dilated  condition  ; the  wall  of  the  pha- 
rynx is  opened  from  behind  and  turned 
to  the  sides.  1,  body  of  the  hyoid 
hone  ; 2,  small  cornua  ; 3,  great  cornua; 

4,  upper  and  lower  cornua  of  the  thyroid 
cartilage  ; 5,  membrane  of  the  pharynx 
covering  the  posterior  surface  of  the 
cricoid  cartilage  ; 6,  upper  part  of  the 
gullet ; 7,  membranous  part  of  the 

trachea  ; 8,  projection  caused  by  the 
cartilage  of  Santorini ; 9,  the  same  be- 
longing to  the  cartilage  of  Wrisberg  ; 10, 

OTyteno-epiglottidean  fold  ; 11,  cut  mar- 
gin of  the  wall  of  the  pharynx  ; a,  free 
part  of  the  epiglottis ; a',  its  lower 
pointed  part  ; a",  the  cushion  ; b, 

eminence  on  each  side  over  the  sacculus 
or  pouch  of  the  larynx ; V,  the  ventricles ; 
c,  the  glottis  : the  lines  on  each  side 
point  to  the  vocal  cords. 

arched  in  form.  Bounded  by 
the  superior  and  inferior  vocal 
cords  are  two  deep  oval  depres- 
sions, one  ou  each  side  of  the 
glottis,  named  the  sinuses,  or 

■ventricles,  of  the  larynx  (fig. 
ion  o on  A -Go*  i no  i \t\  . nv.il 
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leading  upwards  from  the  an- 
terior parts  of  these  depressions,  external  to  the  superior  vocal  cords, 
ure  two  small  culs-de-sac,  named  the  laryngeal  pouches  or  sacculi  (fig. 
190,  s'). 


The  superior  vocal  cords,  also  called  the  false  vocal  cords,  because 
they  are  not  immediately  concerned  in  the  production  of  the  voice, 
form  on  each  side  a free  crescentic  margin,  bounding  the  corresponding 
ventricle  of  the  larynx,  the  hollow  of  which  is  seen  on  looking  down 
into  the  laryngeal  cavity,  the  superior  vocal  cords  (evs,  fig.  191)  being 
further  apart  than  the  inferior. 

The  inferior  or  true  vocal  cords,  the  structures  by  the  vibration 
of  which  the  sounds  of  the  voice  are  produced,  bound  the  two  anterior 
thirds  of  the  aperture  of  the  glottis  (fig.  192,  c).  The  mucous  mem- 
brane  covering  them  is  so  thin  and  closely  adherent  as  to  show  the 
yellowish  colour  of  the  ligaments  through  it.  Their  free  edges,  which  are 
sharp  and  straight,  and  directed  upwards,  form  the  lower  boundaries  of 
the  ventricles,  and  are  the  parts  thrown  into  vibration  during  the  pro- 
duction ot  the  voice.  Their  inner  surfaces  are  flattened,  and  look 
towards  each  other. 

VOL.  II.  TT 
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I he  rima  glottidis,  an  elongated  aperture,  situated,  anteriorly 
between  the  inferior  or  true  vocal  cords,  and,  posteriorly,  between  the 
bases  of  the  arytenoid  cartilages,  forms  a long  narrow  slit,  slightly 
wider  in  the  centre  when  nearly  closed,  as  in  the  production  of  the 
voice  (fig.  191,  a')  ; when  moderately  open,  as  in  easy  respiration,  its 
shape  is  that  of  a long  triangle,  the  pointed  extremity  being  directed 
forwards,  and  the  base  being  behind,  between  the  arytenoid  car- 
tilages (b)  ; in  its  fully  dilated  condition  it  is  lozenge-shaped  (the  pos- 
terior sides  being  formed  by  the  inner  sides  of  the  bases  of  the  aryte- 
noid cartilages),  while  the  posterior  angle  is  truncated  (c).  The  rima 
glottidis  is  the  narrowest  part  of  the  interior  of  the  larynx ; in  the 
adult  male  it  measures  about  eleven  lines  or  nearly  an  inch  in  an 
antero-posterior  direction,  and  three  or  four  lines  across  at  its  widest 
part,  which  may  be  dilated  to  nearly  half  an  inch.  In  the  female,  and 
in  males  before  the  age  of  puberty,  its  dimensions  are  less,  its  antero- 
posterior diameter  being  about  eight  lines,  and  its  transverse  diameter 
about  two.  The  vocal  cords  are  about  seven  lines  long  in  the  adult 
male,  and  five  in  the  female. 

The  ventricles,  or  sinuses  of  the  larynx  (fig.  190,  s,  and  fig.  192,  V), 
are  narrower  at  their  orifice  than  in  their  interior.  The  outer  surface 
of  each  is  covered  by  the  upper  fibres  of  the  corresponding  tbyro-aryte- 
noid  muscle. 

The  small  culs-de-sac  named  the  laryngeal  pouches  (fig.  190,  s'),  lead 
from  the  anterior  part  of  the  ventricles  upwards,  for  the  space  of  half 
an  inch,  between  the  superior  vocal  cords  inside,  and  the  thyroid 
cartilage  outside,  reaching  as  high  as  the  upper  border  of  that  cartilage 
at  the  side  of  the  epiglottis.  The  pouch  is  conical  in  shape,  and 
curved  slightly  backwards.  Its  opening  into  the  ventricle  is  narrow, 
and  is  generally  marked  by  two  folds  of  the  lining'  mucous  mem- 
brane. Numerous  small  mucous  glands,  sixty  or  seventy  in  number, 
open  into  its  interior,  and  it  is  surrounded  by  a quantity  of  fat.  Ex- 
ternally to  the  fat,  this  little  pouch  receives  a fibrous  investment,  which 
is  continuous  below  with  the  superior  vocal  cord.  Over  its  laryngeal 
side  and  upper  end  is  a thin  layer  of  muscular  fibres  (compressor  sacculi 
laryngis,  arytmno-epiglottideus  inferior,  Hilton)  connected  above  with 
those  found  in  the  aryteno-epiglotticlean  folds.  The  upper  fibres  of  the 
thyro-arytenoicl  muscles  pass  over  the  outer  side  of  the  pouch,  a few 
being  attached  to  its  lower  part.  The  laryngeal  pouch  is  supplied 
abundantly  with  nerves,  derived  from  the  superior  laryngeal. 

MUSCLES  OP  THE  LAHYNX. 

Besides  certain  extrinsic  muscles  elsewhere  described — viz.,  the 
sterno-hyoid,  omo-hyoid,  sterno-thyroid,  and  thyro-hyoid  muscles, 
together  with  the  muscles  of  the  suprahyoid  region,  and  the  middle 
and  inferior  constrictors  of  the  pharynx,  all  of  which  act  more  or  less 
upon  the  entire  larynx — there  are  certain  intrinsic  muscles  which  move 
the  different  cartilages  upon  one  another,  and  modify  the  size  of  the 
apertures  and  the  state  of  tension  of  the  soft  parts.  These  intrinsic 
muscles  are  the  crico -thyroid,  the  posterior  and  lateral  crico-arytcnoid,  the 
thyro-arytenoid , the  arytenoid,  and  the  aryteno-epiylottidcan,  together 
with  certain  other  slender  muscular  fasciculi.  All  these  muscles,  except 
the  arytenoid,  which  crosses  the  middle  line,  are  in  pairs. 
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The  crico-thyroid  muscle  (fig.  193, 10),  is  a short  thick  triangular 
muscle,  seen  on  the  front  of  the  larynx.  Its  origin  from  the  cricoid 
cartilage,  extends  from  the  median  line  a considerable  way  backwaids, 
and  its  fibres  passing  upwards  and  outwaids,  divciging  slightly,  aie 


Fig.  193. — Lateral  View  op  the  Cartilages  of  the  Larynx  with  the  Crico-Thyroii) 

Muscle  (after  Willis). 

8,  thyroid  cartilage  ; 9,  cricoid  ; 10,  crico-tliyroid  muscle  ; 11,  crico-thyroid  mem- 
brane ; 12,  upper  rings  of  the  trachea. 


Fig.  194.  \iew  of  the  Larynx  and  Part  of  the  Trachea  from  behind,  with  the 

Muscles  dissected. 

h, i the  body  of  the  hyoid  bone  ; e,  epiglottis;  t,  the  posterior  borders  of  the  thyroid 
cartilage ; . c,  the  median  ridge  of  the . cricoid  ; a,  arytenoid  muscle  ; s,  placed  on  one 
ot  the  oblique  fasciculi  ; b,  left  posterior  crico-arytenoid  muscle  ; r,  ends  of  the  iucom- 
p ete  caitilaginous  rings  of  the  trachea  ; l,  fibrous  membrane  crossing  the  back  of  the 
trachea  ; n,  muscular  fibres  exposed  in  a part. 


inserted  into  the  inferior  border  of  the  thyroid  cartilage,  and  into  the 

if1  Ti0r  )0V.'ei.  °l'  ^ower  cornu.  The  lower  portion  of  the  muscle, 

• 16  J11c1s  0r"jllc  i)  nearly  horizontal,  are  inserted  into  the  lower  cornu, 
olmncf1?  clstmct  from  the  rest.  Some  of  the  superficial  fibres  are 
T“ayS  n0;!tinl10US  wifch  the  inferior  constrictor  of  the  pharynx, 
line  ri°  t lG  two  s?des  separate  from  one  another  in  the  middle 
unwards  Tim  eav.mS  au  interval  which  is  triangular  with  the  base 
PThe  L • cnco-.%1-°1d  membrane  is  here  uncovered. 

hind  arises  from  muscle  <%•  194>  &)>  situated  be- 

the  nos  ter  i or  snrfnn  kioad  depression  on  the  corresponding  half  of 

upwff  and  outward?  the  Cricoid  ^^age,  and  its  fibres,  converging 
the  arvtcnoid  em-Hl  ’ 1lr)scr*:ed  into  the  outer  angle  of  the  base  of 

arytenofrL muscle ® behind  the  attachment  of  the  lateral  crico- 
arytenoid muscle.  The  upper  fibres  are  short  and  almost  horizontal ; 
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the  middle  are  the  longest  and  run  obliquely  ; whilst  the  lower  or 
external  fibres  are  nearly  vertical. 

In  connection  with  the  posterior  crico-arytenoid  muscle,  may  be  mentioned  an 
occasional  small  slip  in  contact  with  its  lower  border,  viz.,  the  kerato-cricoid 
muscle  of  Merkel.  It  is  a short  and  slender  bundle,  arising  from  the  cricoid 
cartilage  near  its  lower  border,  a little  behind  the  inferior  cemu  of  the  thyroid 
cartilage,  and  passing  obliquely  outwards  and  upwards  to  be  inserted  into  that 
process.  It  usually  exists  on  only  one  side.  Turner  found  it  in  seven  out  of 
thirty-two  bodies.  It  is  not  known  to  be  of  any  physiological  significance. 
(Merkel,  Anat.  und  Phys.  des  menschl.  Stimm-  und  Sprackorgans,  Leipzig,  1857 ; 
Turner  in  Month.  Med.  Journal,  Feb.  1800.) 


Fig.  195. 


The  lateral  crico-arytenoid 
muscle  (fig.  195,  /),  smaller 
than  the  posterior,  is  in  a great 
measure  hidden  by  the  ala  of  the 
thyroid  cartilage.  It  arises  from 
the  upper  border  of  the  side  of 
the  cricoid  cartilage,  its  origin 
extending  as  far  back  as  the 
articular  surface  for  the  aryte- 
noid. Its  fibres  pass  backwards 
and  upwards,  the  anterior  or 
upper  ones  being  the  longest, 
and  are  attached  to  the  outer 
side  of  the  base  of  the  arytenoid 
cartilage  and  to  the  adjacent  part 
of  its  anterior  surface,  in  front 
of  the  insertion  of  the  posterior 
crico-arytenoid. 

This  muscle  is  covered  inter- 
nally by  the  mucous  membrane, 
and  at  its  anterior  part  by  the 
upper  part  of  the  crico-thyroid 
muscle.  The  upper  part  is  in 
close  contact  and  indeed  is 
sometimes  blended  with  the  thyro- 
arytenoid. 

The  thyro-arytenoid  muscle 

is  situated  above  the  lateral  crico- 
arytenoid. It  is  thick  below  and 
in  front,  and  becomes  thinner 
above  and  behind.  It  consists 
of  several  distinct  fasciculi, 
which  arise  in  front  from  the 
internal  surface  of  the  thyroid 
cartilage,  the  lower  two-thirds, 
close  to  the  angle  formed  by 
the  junction  of  the  two  aim, 
and  extend  almost  horizontally 
backwards  and  outwards  to 
reach  the  base  of  the  arytenoid  cartilage.  The  lower  portion  ot 
the  muscle  (fig.  195  cl),  which  forms  a thick  fasciculus,  receives  a left 
additional  fibres  from  the  posterior  surface  of  the  crico-thyroid  mcm- 


Fig.  195. — Side  View  op  tiie  Larynx 

AFTER  REMOVAL  OP  THE  LEFT  ALA  OF  THE 

Thyroid  Cartilage  (Bishop). 

The  upper  thin  part  of  the  left  thyro- 
arytenoid muscle  has  been  removed  to  show 
the  lower  part,  d,  supporting  the  vocal 
cord,  c ; a,  inner  surface  of  right  ala  of 
thyroid  ; b,  b,  arytenoid  cartilages  ; d',  the 
small  tbyro-arytenoid  muscle  of  Soemmerring 
sometimes  present  ; c,  posterior,  and  /, 
lateral  crico-arytenoid  muscles  of  the  left 
side  ; n,  cricoid  cartilage  ; h,  trachea. 
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, . , j • j.a  fi-in  anterior  projection  on  the  base  of  the 

brane,  and  is  inserted  m surface  adjacent,  close  to  the  insertion  of 
arytenoid  cartilage  and  t J portion  of  the  thyro-arytenoid 

35-  »P  oKe  anterior  surface  and  outer  border 

of  tlie  arytenoid  cartilage.  contributes  to  the  support  of  the 

The  lower  portion  of  the i mu  de  conB.ou  ^ ^ ^ of  the 

true  vocal  cord  lying  mc  inserted.  The  upper  thin  portion, 

ligament  some  oi  1 OT1  tbe  laryngeal  pouch  and  ventricle,  close 

inTK  entire  muscle  may  be 
beneath  the ^muco  Qf  the  w hj  raisin„.  the  mucous  mem- 

exposed  limn  the  i t ^ocaj  cord^  FibJres  from  this  muscle  pass 

mind  the  border  of  the  arytenoid  cartilage,  and  become  continuous 
S some  of  the  oblique  fibres  of  the  arytenoid  muscle,  to  be  presently 

described. 


Santorini  described  three  thyro 
arytenoid  muscles,  an  inferior  and  a 
middle , which  axe  constant,  and  a 
superior,  which  is  sometimes  present. 
The  fibres  of  the  superior  fasciculus  (fig. 
195,  d'),  when  present,  arise  nearest  to 
the  notch  of  the  thyroid  cartilage,  and 
are  attached  to  the  upper  part  of  the 
base  of  the  arytenoid  cartilage.  This  is 
named  by  Smmmerring  the  small  thyro- 
arytenoid, whilst  the  two  other  portions 
of  the  muscle  constitute  the  great 
thyro-arytenoid  of  that  author. 

Arytenoid  and  aryteno  - 
epiglottidean  muscles.  —When 
the  mucous  membrane  is  removed 
from  the  back  of  the  arytenoid 
cartilages,  a thick  band  of  trans- 
verse fibres  constituting  the  aryte- 
noid muscle  is  laid  bare  (fig.  194,  a), 
and  on  the  surface  of  this  arc 
seen  two  slender  decussating  ob- 
lique bundles  (s),  formerly  de- 
scribed as  portions  of  the  arytenoid 
muscle  (arytamoideus  obliquus), 
but  now  more  generally  con- 
sidered as  parts  of  the  aryteno- 
cpiglottidean  muscles,  with  which 
they  are  more  closely  associated 
both  in  the  disposition  of  their 
fibres  and  in  their  action.  The 
arytenoid  muscle  passes  straight 
across,  and  its  fibres  are  attached 
to  the  whole  extent  of  the  con- 
cave surface  on  the  back  of  each 


Fig.  196. 


Fig.  196. — View  op  the  Interior  op 
the  Left  Half  of  the  Larynx  (after 
Hilton. ) 

a,  left  arytenoid  cartilage  ; c,  c,  divided 
surfaces  of  the  cricoid  cartilage  ; t,  thyroid 
cartilage  ; e,  epiglottis  ; v,  left  ventricle 
of  the  larynx  ; r,  left  inferior  or  true 
vocal  cord  ; s,  placed  on  the  inner  wall  of 
the  laryngeal  pouch  ; b,  aryteno -epiglot- 
tidean muscle  ; /,  interior  of  the  trachea. 


arytenoid  cartilage.  The  aryteno- 
epiylottidean  muscles  (fig.  19G  l)  arising  near  the  inferior  and  outer 
angles  ol  the  arytenoid  cartilages,  decussate  one  with  the  other,  and 
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their  fibres  are  partly  attached  to  the  upper  and  outer  part  of  the 
opposite  cartilage,  partly  pass  forwards  in  the  aryteno-epiglottidean  fold 
and  partly  join  the  fibres  of  the  thyro-arytenoid  muscle. 

A few  fibres  associated  with  the  anterior  and  upper  part  of  the 
thyro-arytenoid  muscle  have  been  described  as  a thyro-erpiylottidem 
muscle. 

Actions  of  the  intrinsic  muscles  of  the  larynx. — The  crico-thyroid  muscles 
produce  the  rotation  forwards  and  downwards  of  the  thyroid  cartilage  on  the 
cricoid,  which  is  permitted  by  the  crico-thyroid  articulations  (fig.  197).  In  this 


Fig.  197.— Outline  op  the  Right  Half 
op  the  Cartilages  op  the  Larynx  as 

SEEN  FROM  THE  INSIDE,  WITH  THE  ThYIIO- 

Arytenoid  Ligament,  to  illustrate 
the  Action  op  the  Crico-Thyroid 
Muscle  (Allen  Thomson). 

t,  cut  surface  of  the  thyroid  cartilage  in 
the  middle  anteriorly  ; c,  c,  the  same  of  the 
cricoid  cartilage  before  and  behind  ; a,  the 
inner  surface  of  the  right  arytenoid  carti- 
lage ; a',  its  anterior  process  ; s,  the  right 
cartilage  of  Santorini ; c v,  the  thyro-ary- 
tenoid ligament ; the  position  of  the  lower 
cornu  of  the  thyroid  cartilage  on  the  out- 
side of  the  cricoid  is  indicated  by  a dotted 
outline,  and  r indicates  the  point  or  axis 
of  rotation  of  the  one  cartilage  on  the  other ; 
c tli,  indicates  a line  in  the  principal  direc- 
tion of  action  of  the  crico-thyroid  muscle ; 
c a p,  the  same  of  the  posterior  crico- 
arytenoid muscle  ; the  dotted  line,  of  which 
i!  indicates  a part,  represents  the  position 
into  which  the  thyroid  cartilage  is  moved 
by  the  action  of  the  crico-thyroid  muscle ; 
if  the  arytenoid  cartilages  are  fixed  by 
muscles  acting  in  the  direction  of  c ap, 
the  vocal  cords  will  be  elongated  and 
rendered  tense  by  contraction  of  the  crico- 
thyroid muscles,  as  indicated  by  c v'. 


movement  the  arytenoid  cartilages,  being  attached  to  the  cricoid  cartilage  at  a 
level  considerably  above  the  axis  of  rotation,  have  their  distance  from  the  fore- 
part of  the  thyroid  cartilage  increased,  and,  in  this  way,  the  crico-thyroid  muscles 
increase  the  tension  of  the  vocal  cords.  The  thyro-arytenoid  muscles  are,  in 
their  lower  parts,  the  opponents  of  the  crico-thyroid,  raising  the  fore  part  of  the 
thyroid  cartilage  and  decreasing  the  tension  of  the  vocal  cords  ; the  upper  parts 
of  these  muscles,  being  attached  higher  up  on  the  arytenoid  cartilages,  depress 
them. 

The  lateral  crico-arytenoid  muscles,  by  pulling  forwards  the  outer  angles  of 
the  arytenoid  cartilages,  approximate  the  vocal  cords  to  the  middle  line.  The 
posterior  crico-arytenoid  muscles  pull  backwards  the  outer  angles  of  the  arytenoid 
cartilages,  and  thus  draw  asunder  the  posterior  extremities  of  the  vocal  cords, 
and  dilate  the  glottis  to  its  greatest  extent  ; they  are  likewise  the  elevators  of 
the  arytenoid  cartilages. 

The  arytenoid  muscle  draws  the  arytenoid  cartilages  together,  and.  from  the 
structure  of  the  crico-arytenoid  joints,  this  approximation  when  complete  is 
necessarily  accompanied  with  depression.  The  aryteno-epiylottidean  muscles  at 
once  depress  and  approximate  the  arytenoid  cartilages,  which  they  include  in 
their  embrace,  and  draw  down  the  epiglottis,  so  as  to  contract  the  whole  superior 
aperture  of  the  larynx 
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larvnffosoope  it  may  be  seen  that  in  ordinary  breathing-  the 
With  the jud  of  lie  ia^goscope  j ^ ^ ^ yocalisation  the  vocal 

nma  glottidis  is  wic  e y P ,g  ^ffected  principally,  no  doubt,  by  the  action 

cords  come  closely  to  ’ , assisted  by  the  arytenoid  and  perhaps  by  the 

of  the  lateral  ®rico-arytenoid  mu^e^a^sisted  ^ Action  of  the 

th^o-arytenoid,  and of  the  tension  of  tlie  vocal  cords  and  of 
cnco-thyroid  muscles.  — A-lottisV  in  the  production  of  high  and  low 

the  width  of  the  aP  PPOmnlished  by  the  crico-thyroid  and  thyro-arytenoid 

pitched  notes,  is  pro  a y ■ thyroid  on  the  cricoid  cartilage,  effected  by 

muscles.  The  movement  ofti*  voice  from  one  extreme  of  the  scale  to 

ttrXrSmay  be'' 'detected  by  placing  the  tip  of  a finger  over  the  crico-thyroid 
The  mytenoid  and  aryteno-epiglottidean  muscles  come  into  action 
ligament,  inc  y aperture  of  the  larynx  ; the  complete  descent 

S - only  take  place  when  the  tongue  is  retracted 

and  the  thyroid  cartilage  pushed  against  it,  as  in  the  act  of  swallowing.  _ 

Tt  t remarked  by  Henle  that,  with  the  exception  of  the  crico-thyroid  and 
posterior  crico-arytenoid,  the  muscles  of  the  larynx,  namely,  those  “ which  lie  m 
the  suace  enclosed  by  the  lamina  of  the  thyroid  cartilage,  and  above  the  cncoid. 
the  fibres  of  which  are  substantially  horizontal,  may  be  regarded  in  their  totality 
as  a kind  of  sphincter.  Such  a sphincter  is  found  in  its  simple  form  embracing 
the  entrance  of  the  larynx  in  reptiles  ; and  the  complication  which  it  attains  in 
the  higher  vertebrates  arises,  like  the  complication  of  the  muscles  generally , from 
the  fibres  finding  various  points  of  attachment  in  their  course,  by  which  means 
they  are  broken  up  and  divided." 


THE  MUCOUS  MEMBRANE  AND  GLANDS  OF  THE  LARYNX. 

The  laryngeal  mucous  membrane  is  thin  and  of  a pale  colour. . In 
some  situations  it  adheres  intimately  to  the  subjacent  parts,  especially 
on  the  epiglottis,  and  still  more  in  passing  over  the  true  vocal  cords,  on 
which  it  is  extremely  thin  and  most  closely  adherent.  About  the 
upper  part  of  the  larynx,  above  the  glottis,  it  is  extremely  sensitive. 
In  or  near  the  aryteno-epiglottidean  folds  it  covers  a quantity  of  loose 
areolar  tissue,  which  is  liable  in  disease  to  infiltration,  constituting 
oedema  of  the  glottis.  Like  the  mucous  membrane  in  the  rest  of  the 
air-passages,  that  of  the  larynx  is  covered  in  the  greater  part  of  its 
extent  with  a columnar  ciliated  epithelium,  by  the  vibratory  action  of 
which  the  mucus  is  urged  upwards.  The  cilia  are  found  higher  up  in 
front  than  on  each  side  and  behind,  reaching  in  the  former  direction  as 
high  as  the  widest  portion  of  the  epiglottis,  and  in  the  other  directions 
only  to  a line  or  two  above  the  superior  vocal  cords  : above  these  points 
the  epithelium  loses  its  cilia,  and  gradually  assumes  a stratified 
squamous  form,  like  that  of  the  pharynx  and  mouth.  Upon  the  vocal 
cords  also  the  epithelium  is  squamous,  although  both  above  and  below 
them  it  is  ciliated  columnar. 

Glands. — The  lining  membrane  of  the  larynx  is  provided  with 
numerous  glands , which  secrete  an  abundant  mucus  ; and  the  orifices 
of  which  may  be  seen  almost  everywhere,  excepting  upon  and  near  the 
true  vocal  cords.  They  abound  particularly  upon  the  epiglottis,  in  the 
substance  of  which  are  found  upwards  of  fifty  small  compound  glands, 
some  of  them  perforating  the  cartilage.  Between  the  anterior  surface 
of  the  epiglottis,  the  hyoid  bone  and  the  root  of  the  tongue,  is  a mass 
of  yellowish  fat,  erroneously  named  the  epiglottidean  gland,  in  or  upon 
which  some  real  glands  may  exist.  Another  collection  of  glands, 
namely  arytenoid , is.  placed  within  the  fold  of  mucous  membrane  in 
front  of  each  arytenoid  cartilage,  from  which  a series  may  be  traced  for- 
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wards,  along  the  corresponding  superior  vocal  cord.  The  glands  of  the 
laryngeal  pouches  have  already  been  described. 

VESSELS  AND  NERVES  OP  THE  LARYNX; 

The  arteries  of  the  larynx  are  derived  from  the  superior  thyroid,  a branch  of 
the  external  carotid,  and  from  the  inferior  thyroid,  a branch  of  the  subclavian 
The  veins  join  the  superior,  middle,  and  inferior  thyroid  veins.  The  lymphaticg  ] 
are  numerous,  and  pass  through  the  cervical  glands.  Their  mode  of  distribu- 
tion resembles  that  in  the  trachea.  The  nerve*  are  supplied  from  the  superior 
laryngeal  and  inferior  or  recurrent  laryngeal  branches  of  the  pneumogastric 
nerves,  joined  by  branches  of  the  sympathetic.  The  superior  laryngeal  nerves 
supply  the  mucous  membrane,  and  also  the  crico-thyroid  muscles,  and  in  part 
the  arytenoid  muscle.  The  inferior  laryngeal  nerves  supply,  in  part,  the  arytenoid 
muscle,  and  all  the  other  muscles,  excepting  the  crico-thyroid. 

The  superior  and  inferior  laryngeal  nerves  of  each  side  communicate  with  each 
other  in  two  places,  viz.,  at  the  back  of  the  larynx,  beneath  the  pharyngeal 
mucous  membrane,  and  on  the  side.of  the  larynx,  under  the  ala  of  the  thyroid 
cartilage.  Numerous  ganglion-cells  are  found  on  the  branches,  both  on  those 
which  enter  the  muscles,  and  also  underneath  the  mucous  membrane.  End-bulbs 
are  also  described  in  the  mucous  membrane  which  covers  the  posterior  or  laryngeal 
surface  of  the  epiglottis  (Lindemann). 

The  further  details  of  the  distribution  of  the  vessels  and  nerves  are  to  be  found 
elsewhere. 

FORMATION  AND  GROWTH  OF  THE  LARYNX. 

The  rudimentary  larynx  consists,  according  to  Valentin,  of  two  slight  enlarge- 
ments having  a fissure  between  them,  and  embracing  the  entrance  from  the 
pharynx  into  the  trachea.  According  to  Reichert,  the  rudiments  of  the  arytenoid 
cartilages  are  the  first  to  appear.  Rathke,  however,  states  that  all  the  true  carti- 
lages are  formed  at  the  same  time,  and  are  recognisable  together  as  the  larynx 
enlarges,  the  epiglottis  only  appearing  later.  In  the  human  embryo,  Fleischmann 
could  not  detect  the  cartilages  at  the  seventh  week,  though  the  larynx  was  half 
a line  in  length,  but  at  the  eighth  week  there  were  visible  the  thyroid  and  cricoid 
cartilages,  consisting  at  that  period  of  two  lateral  halves,  which  are  afterwards 
united  together  in  the  sixth  month.  Kolliker,  on  the  other  hand,  states  that 
those  cartilages  are  single  from  the  first. 

During-  childhood  the  growth  of  the  larynx  is  very  slow.  Richerand  found 
that  there  was  scarcely  any  difference  between  the  dimensions  of  this  organ  in 
a child  of  three  and  in  one  of  twelve  years  of  age.  Up  to  the  age  of  puberty 
the  larynx  is  similar  in  the  male  and  female,  the  chief  characteristics  at  that 
period  being  the  small  size  and  comparative  slightness  of  the  organ,  and  the 
smooth  rounded  form  of  the  thyroid  cartilage  in  front.  In  the  female  these  con- 
ditions are  permanent,  excepting  that  a slight  increase  in  size  takes  place.  In 
the  male,  on  the  contrary,  at  the  time  of  puberty,  remarkable  changes  rapidly 
occur-,  and  the  larynx  becomes  more  prominent  and  more  perceptible  at  the  upper 
part  of  the  neck.  Its  cartilages  become  larger,  thicker,  and  stronger,  and  the 
aim  of  the  thyroid  cartilage  project  forwards  in  front  so  as  to  form  at 
their  union  with  one  another,  the  prominent  ridge  of  the  poveum  Adam). 

At  the  same  time,  the  median  notch  on  its  upper  border  is  considerably 
deepened.  In  consequence  of  these  changes  in  the  thyroid  cartilage,  the  dis- 
tance between  its  angle  in  front  and  the  arytenoid  cartilages  behind  becomes 
greater,  and  the  chordae  vocales  are  necessarily  lengthened.  Hence  the  dimen- 
sions of  the  glottis,  which,  at  the  time  of  puberty,  are  increased  by  about  one- 
third  only  in  the  female,  are  nearly  doubled  in  the  male,  and  the  adult  male 
larynx  becomes  altogether  one-tlind  larger  than  that  of  the  female. 

Towards  the  middle  of  life  the  cartilages  of  the  larynx  first  show  a tendency  to 
ossification  ; this  commences  first  hr  the  thyroid  cartilage,  then  appears  in  the 
cricoid,  and  lastly  in  the  arytenoid  cartilages.  In  the  thyroid  cartilage  the  ossifi- 
cation usually  begins  at  the  cornua  and  posterior  borders ; it  then  gradually 
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, , +1  a whnlp  inferior  border,  and  subsequently  spreads  upwards 

extends  along  the  icoid  cartilage  first  becomes  ossified  at  its  upper 

through  the  cartila  e.  T1  posterior  articular  eminences,  and  the  ossifica- 

border  upon  each  erd, a,  r near  the. two] posteno  enol.oaoM  dthsr  in  front 

beeomf  otsffled  front  Wow  upwards. 


DUCTLESS 


GLANDS  ON  THE  LARYNX  AND  TRACHEA, 


THE  THYROID  BODY. 

The  tlivroid  body  or  gland  (fig.  198)  is  a soft  reddish  and  highly 
vascular  o^au,  con/sting  of  two  lateral  hies , umted togrihec  towards 
their  lower  ends  by  a transverse  portion  named  the  isthmus.  Viewed 


Rig.  19S. — Sketch  showing  the  Form  and  Position 
°ov  the  Thyroid  Body  (Allen  Thomson).  One-Half 
the  Natural  Size. 

The  larynx  and  surrounding  parts  are  viewed  fiom 
before  ; on  the  right  side  the  muscles  covering  the 
thyroid  body  are  retained,  on  the  left  side  they  are 
removed  ; h,  hyoid  bone  ; th,  right  thyro-hyoid  muscle  ; 
oh,  omo- hyoid  ; s/t , sterno-hyoid  ; st,  sterno -thyroid  ; 
c,  on  the  crico-tliyroid  membrane  above  the  cricoid 
cartilage,  points  by  a dotted  line  to  the  right  crico- 
thyroid muscle  ; tr,  the  trachea  ; ce,  the  oesophagus 
appearing  behind  and  slightly  to  the  left  of  the  trachea  ; 
t,  the  right  lobe  of  the  thyroid  body  partially  seen 
between  the  muscles  ; t',  the  left  lobe  entirely  exposed  ; 
i,  the  isthmus  ; It,  the  fibrous  or  muscular  hand  termed 
levator  thyroidese,  which  is  more  rarely  found  in  the 
middle  line  or  to  the  right  side,  and  which  existed 
in  the  case  from  which  the  figure  was  taken. 

as  a whole,  it  is  convex  on  the  sides  and  in 
front,  forming  a rounded  projection  upon 
the  trachea  and  larynx.  It  is  covered  by 
the  sterno-liyoid,  sterno-thyroid,  and  omo- 
hyoid muscles,  and  behind  them  it  comes 
into  contact  with  the  sheath  of  the  great 
vessels  of  the  neck.  Its  deep  surface  is  concave  where  it  rests  against 
the  trachea  and  larynx.  It  usually  extends  so  far  back  as  to  touch  the 
lower  portion  of  the  pharynx,  and  on  the  left  side  the  oesophagus  also. 

The  general  direction  of  each  lobe  is,  from  below,  upwards  and 
backwards,  reaching  from  the  fifth  or  sixth  ring  of  the  trachea  to 
the  posterior  border  of  the  thyroid  cartilage,  of  which  it  covers  the 
inferior  cornu  and  adjoining  part  of  the  ala.  The  upper  thin  end  of 
the  lobe,  which  is  sometimes  called  the  cornu,  is  usually  connected  to 
the  side  of  the  thyroid  and  cricoid  cartilages  by  areolar  tissue. 

The  transverse  part,  or  isthmus  (i),  ‘which  connects  the  two  lateral 
lobes  a little  above  their  lower  ends,  commonly  lies  across  the  third  and 
fourth  rings  ot  the  trachea,  hut  is  very  inconstant  in  size,  shape,  and 
position,  and  the  part  of  the  trachea  covered  by  it  differs  accordingly, 
from  the  upper  part  of  the  isthmus,  or  from  the  adjacent  portion 
ot  either  lobe,  a slender  conical  process,  named,  from  its  shape  and 
position,  the  pyramid,  or  middle  lobe,  often  proceeds  upwards  to  the 
hyoid  bone,  to  which  its  apex  is  attached  by  loose  fibrous  tissue. 


Fig.  198. 
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Commonly  this  process  lies  somewhat  to  the  left  ; occasionally  it  is 
thicker  above  than  below,  or  is  completely  detached,  or  is  split  into 
two  parts  : sometimes  it  appears  to  consist  of  fibrous  tissue  only, 
in  many  cases  muscular  fasciculi,  most  frequently  derived  from  the 
thyro-hyoid  muscle,  but  occasionally  independent,  descend  from  the 

Fig.  199.— Magnified  View  of 
several  Vesicles  from  the 
Thyroid  Gland  of  a Child  (from 
Kolliker). 

a,  connective  tissue  between  the 
vesicles  ; b,  capsule  of  the  vesicles  ; 
c,  their  epithelial  lining. 

hyoid  bone  to  the  thyroid 
"land  or  its  pyramidal  process. 
They  are  known  as  the  levator 
fjlandulce  thyroiclece  (fig.  198, 
It).  It  sometimes,  though 
rarely,  happens  that  the 
isthmus  is  altogether  wanting, 
the  lateral  lobes  being  then 
connected  by  areolar  or  fibrous 
tissue  only  : this  is  the  natural 
condition  in  some  animals. 
Each  lateral  lobe  measures 
usually  two  inches  or  upwards  in  length,  an  inch  and  a quarter  in 
breadth,  and  three-quarters  of  an  inch  in  thickness  at  its  largest 
part,  which  is  below  its  middle  : the  right  lobe  is  usually  a few  lines 
longer  and  wider  than  the  left. 

The  isthmus  measures  nearly  half  an  inch  in  breadth,  and  from  a 
quarter  to  three-quarters  of  an  inch  in  depth. 

The  iveight  of  the  thyroid  body  varies  ordinarily  from  one  to  two 
ounces.  It  is  always  larger  in  females  than  in  males,  and  appears 
in  many  of  the  former  to  undergo  a periodical  increase  about  the  time 
of  menstruation.  It  commonly  varies  a good  deal  in  size,  and  occasion- 
ally undergoes  euormous  enlargement,  constituting  the  disease  called 
goitre,  or  bronchocele.  Its  colour  is  usually  of  a dusky  brownish  red, 
but  sometimes  of  a yellowish  hue.  Th q function  of  the  thyroid  body  is 
unknown. 

Structure. — The  texture  of  this  organ  is  firm,  and  to  the  naked  eye 
appears  coarsely  granular.  It  is]  invested  by  a thin  transparent  layer 
of  dense  areolar  tissue,  which  connects  it  with  the  adjacent  parts,  sur- 
rounds and  supports  the  vessels  as  they  enter  it  and  imperfectly 
separates  its  substance  into  small  masses  of  irregular  form  and  size. 
This  interstitial  areolar  tissue  is  free  from  fat,  and  contains  elastic 
fibres. 

When  the  organ  is  cut  into,  a yellow  glairy  fluid  escapes  from 
the  cut  surface.  Its  substance  is  composed  of  multitudes  of  closed 
vesicles,  which  are  surrounded  by  capillary  vessels,  and  are  held  together 
in  groups  or  imperfect  lobules  by  areolar  tissue.  The  size'of  the -vesicles 
varies  from  ^i^th  of  an  inch  to  that  of  a millet-seed,  so  as  to  be  visible 
to  the  naked  eye, — varying,  however,  in  different  individuals,  more  than 
in  the  same  thyroid  body.  They  are  spherical,  ovoid,  or  flattened,  and 
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perfectly  distinct  from  each  other.  Each  vesicle  consists  of  a simple 
basement  membrane  (fig.  199  1)),  with  a single  epithelial  layer  of  cells 
(c)  lining  its  inner  surface  ; at  least  in  the  foetus  and  young  subject,  for 
it  would  appear  that  the  cells  for  the  most  part  become  detached  in  the 
progress  of  growth.  The  fluid  coagulates  by  the  action  of  heat  or  of 
alcohol,  preserving,  however,  its  transparency. 

One  of  the  most  frequent  pathological  changes  to  which  the  thyroid 
body  is  subject  consists  in  the  accumulation  within  its  lusicles  of  a 
gelatinous-looking  substance  (colloid) : this  may  occur  without  giving 
rise  to  very  great  enlargement  of  these  vesicles,  but  in  certain  forms 
of  goitre  it  distends  them  to  an  enormous  degree. 

Vessels  and  nerves. — The  arteries  of  the  thyroid  body  are  the  superior  and 
inferior  thyroids  of  each  side,  to  which  is  sometimes  added  a fifth  vessel,  the 
ihyroidea  ima  of  Neubauer  and  Erdmann.  The  arteries  are  remarkable  for  their 
large  relative  size,  and  for  their  frequent  and  large  anastomoses  ; they  terminate 
in  a capillary  network,  upon  the  outside  of  the  closed  vesicles.  The  reins,  which 
are  also  large,  ultimately  form  plexuses  on  the  surface,  from  which  a superior, 
middle,  and  inferior  thyroid  vein  are  formed  on  each  side.  The  superior  and 
middle  thyroid  veins  open  into  the  internal  jugular  ; the  inferior  veins  issue 
from  a plexus  formed  in  front  of  the  trachea,  and  open  on  the  x-ight  side  into 
the  superior  cava,  and  on  the  left  into  the  brachio -cephalic  vein.  The  lymphatics 
of  the  thyroid  body  form  numerous  and  large  anastomosing  tranks,  both  at  the 
surface  of  the  organ  and  throughout  its  substance  ; they  originate,  according  to 
the  observations  of  Frey,  in  the  connective  tissue  which  unites  the  gland- vesicles, 
with  the  cavity  of  which  they  appear  not  to  be  in  communication. 

The  nerves  are  derived  from  the  middle  and  inferior  cervical  ganglia  of  the 
sympathetic.  They  accompany  the  blood-vessels  ; and  have  here  and  there 
ganglion-cells  in  their  course  ; their  mode  of  ending  is  unknown. 

Development. — Remak  states  that  the  thyroid  body  is  developed  from  the 
anterior  wall  of  the  pharynx.  In  a human  embryo  at  the  third  month,  Kolliker 
found  the  thyroid  body  consisting  of  isolated  vesicles,  with  rounded  cells  in  their 
interior.  The  multiplication  of  these  vesicles  takes  place,  according  to  Kolliker, 
either  by  constriction  and  subsequent  division  of  one  vesicle  into  two,  or  by  a 
process  of  gemmation.  The  transverse  part  of  the  gland  is  said  to  be  developed 
subsequently  to  the  two  lateral  lobes.  In  the  foetus,  and  during  early  infancy, 
this  organ  is  relatively  larger  than  in  after-life  ; its  proportion  to  the  weight  of 
the  body  in  the  new-born  infant  being,  that  of  1 to  2-10  or  400,  whilst  at  the  end 
of  three  weeks  it  becomes  only  1 to  1 1 GO,  and  in  the  adult  1 to  1800  (Krause). 
In  advanced  life  the  thyroid  body  is  liable  to  become  indurated,  and  frequently 
contains  earthy  deposit ; its  vesicles  also  attain  a very  large  size. 


The  thymus  gland  or  hody  is  a temporary  organ  which  reaches  its 
gi  eatest  size  at  about  the  end  of  the  second  year  of  life,  after  which  period 
it  ceases  to  grow,  and  is  gradually  reduced  to  a mere  vestige.  Its  function 
is  not  tully  understood,  although  it  is  probable  that  it  is  in  some  way 
connected  with  the  elaboration  of  the  blood  in  infancv.  When  RYaminpd 
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other  along  the  middle  line,  and  are  nearly  symmetrical  in  form,  though 
generally  unequal  in  size,  sometimes  the  left,  and  at  other  times  the 
light  lobe  being  the  larger  of  the  two.  An  intermediate  lobe  often  exists 
between  the  two  lateral  ones,  and  occasionally  the  whole  bodv  forms  a 
single  mass.  J 

Each  lateral  lobe  is  of  an  elongated  triangular  form.  The  apex  usually 
mounts  up  into  the  neck,  reaching  as  high  as  to  the  lower  border  of  the 
thyroid  body.  The  base  rests  on  the  upper  part  of  the  pericardium,  to 
which  it  is  connected  by  areolar  tissue.  The  anterior  surface,  slightly 
convex,  is  covered  by  the  first  and  the  upper  part  of  the  second  piece  of 
the  sternum,  reaching,  in  the  infant  at  birth,  as  low  down  as  the  level 
of  the  fourth  costal  cartilage.  It  is  attached  to  the  sternum  by  loose 
areolar  tissue,  but  opposite  the  upper  part  of  that  bone  is  separated  from 
it  by  the  origins  of  the  sterno-hyoid  and  sterno-thyroid,  which  muscles 
also  cover  it  in  the  neck.  The  posterior  surface,  somewhat  concave, 
rests,  in  the  thorax,  upon  part  of  the  pericardium,  upon  the  front  of  the 
aortic  arch  and  the  large  arteries  arising  from  ii,  and  also  on  the  left 
innominate  vein.  In  the  neck  it  lies  upon  the  front  and  corresponding 
side  of  the  trachea.  Its  external  border  is  in  contact  with  the  corre- 
sponding layer  of  the  mediastinal  pleura,  near  the  internal  mammary 
artery,  and  higher  up  (in  the  neck),  with  the  sheath  of  the  carotid  artery. 
I he  internal,  border  is  in  close  contact  with  that  of  the  opposite  lobe. 
The  dimensions  of  the  thymus  vary  according  to  its  stage  of  develop- 
ment. At  birth  it  measures  rather  more  than  two  inches  in  length,  an 
inch  and  a half  in  width  at  its  lower  part,  and  about  three  or  four  lines 
in  thickness.  Its  weight  at  that  period  is  about  half  an  ounce.  Its 
specific  gravity,  which  is  at  first  about  T050,  diminishes  as  the  gland 
continues  to  waste. 

Structure.— The  lateral  halves  or  lobes  of  the  thymus  gland  are 
each  invested  by  a capsule  of  thin  areolar  tissue,  which  sends  parti- 
tions into  the  gland  between  the  several  lobules  : on  its  outer  surface 
the  capsule  is  covered  by  a layer  of  flattened  epithelioid  cells.  Each 
lobe  consists  of  numerous  polyhedral  lobules,  the  most  of  them  from 
two  to  five  lines  in  diameter,  connected  by  a more  delicate  inter- 
vening areolar  tissue.  These  primary  lobules  are  each  made  up  of 
a number  of  small  nodules  or  follicles  (fig.  200,  b,  b),  as  they  have 
been  termed.  These  are,  in  many  respects,  similar  in  structure  to 
ordinary  lymphoid  follicles,  such  as  those  of  the  tonsils  or  of  Peyer’s 
patches  m the  intestine  : consisting,  like  these,  of  retiforin  tissue,  the 
meshes  of  which  are  filled  with  lymph  corpuscles  ; at  the  surface  of 
each  follicle  the  retiform  tissue  is  somewhat  closer,  so  as  to  form  a 
species  of  capsule  for  it.  In  some  animals  these  capsules  completely 
enclose  the  follicles,  but  in  others,  including  man,  several  follicles 
may  be  united  towards  the  centre  of  the  lobule,  which  is  then  commonly 
of  softer  consistence  than  the  other  parts,  and  apt  to  break  down  if 
not  perfectly  fresh,  so  as  to  give  the  deceptive  appearance  of  a central 
cavity  (see  fig.  200).  Scattered  here  and  there  in  the  retiform  tissue  are 
peculiar  corpuscles,  composed  of  a substance  which  strongly  refracts  the 
light,  and  readily  becomes  stained  by  carmine.  They  present  an  ap- 
pearance of  concentric  striation,  and  are  known  as  the  concentric  cor- 
puscles of  Hassall.  They  vary  in  size  from  that  of  a blood-corpuscle 
to  three  times  that  diameter,  or  more ; the  larger  often  contain  smaller 
ones  in  their  interior. 
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Fig.  200. 
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According  to  the  description  given  by  Astley  Cooper  the  thymus  presents  a con- 
tinuous anfractuous  cavity,  the  extensions  of  which  pass  into  the  lobules  : it  is  pro- 
babel, however,  that  the  cavity  described  was  produced  artificially,  the  lymphoid 
tissue  towards  the  centre  of  each  lobule  being  rather  looser  than  in  the  outei  parts. 

Vessels  and  Nerves.— The  arteries  of  the  thymus  are  derived  from  various 
sources,  viz.,  from  the  internal  mammary,  the  inferior  and  superior  thyroid, 
the  subclavian  and  carotid  arteries.  Their  branches  penetrate  to  .the  centre 
of  the  lobules,  whence  they  radiate  outwards,  terminating  in  capillary  vessels, 
which  form  a network  within  each  follicle 
(fig.  200),  and  pass  at  its  exterior  into  the 
veins.  These  pursue  a different  course  from 
the  arteries ; they,  for  the  most  part,  open 
into  the  left  innominate  vein.* 

The  lymphatics  are  large.  According  to 
the  observations  of  His  on  the  calf,  the 
larger  blood-vessels  passing  to  the  centre 
are  each  accompanied  by  two  or  more  lym- 
phatic trunks.  These  arise  from  an  inter- 
lobular plexus,  which  again  is  in  connection 
with  vessels  which  surround  and  enclose 
the  individual  follicles  ,(as  i-11  the  intes- 
tinal follicles). 

The  'nerves  are  very  minute.  Haller 
thought  that  they  were  partly  derived  from 
the  phrenic  nerves,  but,  according  to  Cooper, 
no  filaments  from  these  nerves  go  into  the 
gland,  although  they  reach  the  investing 
capsule,  as  does  also  a branch  from  the 
descendens  noni.  Small  filaments,  derived 
from  the  pneumo -gastric  and  sympathetic 
nerves,  descend,  on  the  thyroid  body,  to  the 
upper  part  of  the  thymus.  Sympathetic 
nerves  also  reach  the  gland  along  its  various 
arteries. 

Development  and  Growth. — The  early 
development  of  the  thymus  has  been  care- 
fully studied  by  Simon,  whose  researches 
were  chiefly  conducted  in  the  embryos  of 
swine  and  oxen.  In  embryos  about  half 
an  inch  in  length,  it  may  be  distinguished 
with  the  aid  of  the  microscope  ; and  in 
those  of  one  and  a half  inch,  with  a simple 
lens.  When  first  distinguishable,  it  appears 
to  consist  of  a simple  closed  tube,  lying 
along  the  carotid  vessels  (most  likely  the  tube 
■so  described  is  a collection  of  embiyonic  cells  enclosed  in  a membranous  capsule). 
It  has  no  connection  with  the  respiratory  mucous  membrane,  as  was  supposed  by 
Arnold ; and  so  soon  as  discoverable,  it  is  found  to  be  perfectly  distinct  from 
the  thyroid  body.  At  intervals  along  the  sides  of  this  tube  or  capsule,  small  pro- 
jections bud  out,  and  these  go  on  subsequently  branching  out  into  groups  of  two 
°Uf’+^^e  *orma^on  the  permanent  follicles  being  merely  the  last  repeti- 
“j1.0  18  Process.  In  the  human  foetus  at  the  seventh  week,  the  thymus  is 

1 . 0 ow  kut  still  single  above  ; at  about  the  ninth  week,  it  consists  of  two 
*e  t Parallel  parts,  lying  chiefly  on  the  upper  part  of  the  pericar- 

, • I a _ e ^.yjh  week  it  is  already  comparatively  broad,  and  its  surface  is 
y co\erec  with  lobules  ; it  then  increases  rapidly  until  birth,  but  not  with 


Fig.  200. — Transverse  Section  of 
a Lobule  of  an  Injected  Infan- 
tile Thymus  Gland  (from  Kol- 
liker). 


Magnified. 


a,  capsule  of  connective  tissue  sur- 
rounding the  lobule  ; b,  b,  follicles  ; 
c,  cleft  in  the  centre  of  the  lobule, 
probably  produced  by  the  shrinking 
away  of  the  soft  follicular  substance ; 
from  it  the  blood-vessels  are  seen  to 
extend  towards  and  ramify  in  the 
spheroidal  follicles. 


nerinhprv^f  thp'fnir  1^'°  arter*a^  as  well  as  the  venous,  branches  are  found  at  tlie 
Peyer’s  patches)  1C  ^ t0  nGai'  ^10  ceutre  which  the  capillaries  converge  (as  in 
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unifoim  lapidity,  lor  it  grows  especially  during  the  seventh  eieiilh  on  a • n 
months  of  intra-uterine  existence.  ’ eighth,  and  ninth 

After  birth,  the  thymus,  as  already  stated,  continues  to  grow  until  near  Hip 
of  the  second  year.  According  to  the  observations  of  Haugstedt  and  sSl  > 
appeals  for  a short  time  after  birth  to  increase  in  weight  not  merelv  absolutelv 
i U even  lasfcer  than  the  rest  of  the  system,  and  during  the  next  period  only  to 
heep  pace  with  the  increase  of  the  body.  After  the  second  year  it  ceases  to  enow 

tho  c oTm?  8T  Ually  converted  eighth  or  twelfth  year  into  a fatty  mass’ 

A co^uscles  disappearing  or  becoming  developed  into  the  cells  of  adipose  tissue’ 
In  ,puberty  the  thymus  is  generally  reduced  to  a mere  vestige  which  has  entirely 
lost  rts  ongrna!  structure,  and  consists  of  brownish  tissue  occupyL  the  S 
part  of  the  anterior  mediastinum.  Occasionally  it  is  still  found  to  good  condi 

and  the the  tWCntiethryear  ; but  generally  only  traces  of  it  remain  at  that  time 
‘ Tith!u  aie  rairely  discoverable  beyond  the  twenty-fifth  or  thirtieth  year. 

ie  thymus  gland  presents  no  difference  to  the  two  sexes,  and  exists,  according 

tutototiWm11  a?mfS  breath“g  by  lun£s-  It  appears  to  aU  to  become  even- 
tually tiansfoimed  into  a mass  of  fat. 


ORGANS  OF  DIGESTION. 

The  digestive  apparatus  consists  mainly  of  the  alimentary  canal,  to- 
gethev  with  various  glands  of  which  it  receives  the  secretions. 

The  alimentary  canal  commences  at  the  mouth  and  terminates  at 
the  anus.  Its  average  length  is  about  thirty  feet— about  five  or 
six  times  the  length  of  the  body. 

The  part  situated  in  the  head  and  thorax  consists  of  the  organs  of 
masticatioii,  insalivation,  and  deglutition,  and  comprises  the°mouth 
with  the  teet/i,  and  salivary  glands,  the  pharynx,  and  the  ocsopliaaus  or 
gullet,  lhe  part  contained  in  the  abdomen  and  pelvis  consists  of  the 
stomach  and  the  small  and  large  intestine.  The  glands  which  are  most 
intimately  connected  with  digestion  are  very  numerous  small  glan- 
dular organs  situated  in  the  mucous  membrane  of  the  alimentary  canal 
and  the  larger  glands,  such  as  the  salivary  glands,  pancreas  and  liver’ 
whose  ducts  open  on  its  inner  surface. 


THE  MOUTH. 

The  mouth  is  included  between  the  lips  and  the  throat.  Bounded  by 
the  lips,  cheeks,  tongue,  and  the  hard  and  soft  palate,  it  communicates 
behind  with  the  pharynx  through  an  opening  called  th q fauces  (isthmus 
faucium).  It  is  lined  throughout  by  a mucous  membrane,  which  is  of 
a pink  rosy  hue  during  life,  but  pale  grey  after  death,  and  which  pre- 
sents peculiarities  of  surface  and  structure  to  be  noticed  hereafter. 

The  lips  and  cheelcs  are  composed  externally  of  skin,  and  internally  of 
mucous  membrane,  together  with  muscles,  vessels,  and  nerves  fully 
desciibed  in  other  parts  of  this  work,  some  areolar  tissue,  fat,  and 
numerous  small  glands.  The  free  border  of  the  lips  is  protected  by  a 
dry  mucous  membrane,  which  becomes  continuous  with  the  skin,  is 
coveied  with  numerous  minute  papilke,  and  is  highly  sensitive.  In 
some  of  these  papillae  nerve-end-bulbs,  approaching  in  character  to 
tactile  corpuscles,  are  found  (see  fig.  101  a,  p.  148),  in  others  coiled 
nerve-fibres  (Ivblhker).  On  the  inner  surface  of  each  lip,  the  mucous 
membrane  forms  a fold  in  the  middle  line,  connecting  the  lip  with  the 
gums  of  the  corresponding  jaw.  These  are  the  frccna  or  fmnula  of  the 
lips  : that  of  the  upper  lip  is  the  larger. 
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Numerous  small  glands,  called  labial  glands,  me  found,  beneath  the 
mucous  membrane  of  the  lips,  around  the  opening  of  the  mouth. . They 
are  situated  between  the  mucous  membrane  and  the  oibiculaiis  011s 
muscle.  They  are  compound  racemose  glands  of  a rounded  form,  the 
largest  of  them  not  exceeding  the  size  of  a split  pea ; and  they  open 
into  the  mouth  by  distinct  orifices.  Small  sebaceous  glands  also  occur, 
at  least  occasionally,  on  the  part  of  the  led  boidei  of  the  lips  which  is 

seen  when  the  mouth  is  closed. 

Between  the  buccinator  muscle  and  the  mucous  membrane  of  the 
cheek  are  the  buccal  glands,  similar  to  the  labial  glands,  but  smallei. 
Two  or  three  glands,  larger  than  the  rest,  found  between  the  niassetei 
and  buccinator  muscles,  and  opening  by  separate  ducts  near  the  last 
molar  tooth,  are  called  the  molar  glands.  The  secretion  of  these  glands, 
is  understood  to  be  mucus  ; whether  it  has  any  of  the  specific  properties 
of  saliva  is  not  known.  The  duct  of  the  parotid  gland  also  opens  upon 
the  inner  surface  of  the  cheek,  opposite  to  the  second  upper  molar  tooth. 

Immediately  within  the  lips  and  cheeks,  are  the  denial  arches,  consist- 
ing of  the  teeth,  gums,  and  alveolar  borders  of  the  maxillae.  The  gums 
(gingivae)  are  composed  of  a dense  connective  tissue,  cohering  very 
closely  with  the  periosteum  of  the  alveolar  processes,  and  covered  by  a 
red  and  highly  vascular  mucous  membrane,  which  is  smooth  in  its 
general  surface,  but  is  beset  with  fine  papillae  in  the  immediate  vicinity 
of  the  teeth.  The  epithelium  covering  it  is,  like  that  of  the  mouth 
generally,  scaly  and  stratified,  containing  in  the  deeper  layers  numerous 
cells  marked  with  ridges  and  furrows,  like  those  described  in  the 
epidermis  (p.  211). 


THE  TEETH. 

In  the  human  subject,  as  in  mammalia  generally,  two  sets  of  teeth 
make  their  appearance  in' the  course  of  life,  of  which  the  first  comprehends 
the  temporary,  deciduous,  or  milk  teeth,  whilst  the  second  is  named  the 
permanent  set.  The  temporary  teeth  are  twenty  in  number,  ten  in 
each  jaw,  and  the  permanent  set  consists  of  thirty-two,  sixteen  above 
and  sixteen  below. 

Deficiencies  in  the  number  of  teeth  sometimes  occur,  and,  on  the  other  hand,  it  is- 
frequently  increased  by  one  or  more  supernumerary  teeth.  These  are  usually 
small,  and  simple,  and  although  generally  distinct,  they  are  sometimes  attached 
to  other  teeth  : they  occur  more  frequently  near  the  front  than  the  hinder  teeth, 
and  are  more  often  met  with  in  the  upper  than  in  the  lower  jaw. 


GENERAL  CHARACTERS  OP  THE  TEETH. 

A tooth  consists  of  three  portions,  viz.,  one  which  projects  above 
the  gums  and  is  named  the  body  or  crown,  another  fixed  in  the  alveolus 
or  socket,  the  root,  consisting  of  th efang  or  fangs— and  a third,  inter- 
me  late  between  the  other  two,  and,  from  being  more  or  less  con- 
stricted, named  the  cervix  or  neck  (fig.  201).  The  size  and  form 
o eac  i o these  parts  vary  in  the  different  kinds  of  teeth. 

• ill tb°fi  ° • tee1th  are  accurately  fitted  to  the  alveoli  of  the  jaws, 

90i  a \ Each  alveolus  is  lined  by  periosteum  (fig. 

mu  -’  , i c 1 .a  so  lnycsts  the  contained  tooth  as  high  as  the  cervix. 

•1  , u Pe/ |osteu-m,  sometimes  named  the  periodontal  membrane,  is 
c i y supplied  with  nerves.  It  is  blended  with  the  dense 
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tissue,  of  the  gums,  which  closely  surrounds  the  neck  of  the  tooth. 
I lie  tangs  of  all  the  teeth  taper  from  the  cervix  to  the  point,  and  this 


F>g-  • Fig.  201. — Vertical  Section 

of  Premolar  of  Cat.  15 
diameters  (Waldeyer). 

c,  is  placed  in  the  puli)- 
cavity,  opposite  the  cervix  or 
neck  of  the  tooth  : the  part 
above  is  the  crown,  that  below 
is  the  root  (fang).  1,  enamel 
with  radial  and  concentric 
markings  ; 2,  dentine  with 
tubules  and  incremental  lines  ; 
3,  cement  or  crusta  petrosa, 
with  bone  corpuscles  ; 4, 

dental  periosteum ; 5,  bone 
of  lower  jaw. 

form,  together  with  the 
accurate  adjustment  to 
the  alveolus,  has  the 
effect  of  distributing  the 
pressure  during  use  over 
the  whole  socket,  and  of 
preventing  it  from  un- 
duly bearing  on  the 
point  of  the  fang, 
through  which  the  blood- 
vessels and  nerves  enter. 

The  thirty-two  perma- 
nent teeth  consist  of  four 
incisors,  two  canines, 
four  bicuspids,  and  six 
molars  in  each  jaw.  The 
twenty  temporary  teeth 
are  four  incisors,  two 
canines,  and  four  molars 
above  and  below.  There 
are  no  bicuspids  among 
the  temporary  teeth,  the 
eight  deciduous  molars 
preceding  eight  bicuspids 
of  the  permanent  set.  The  relative  position  and  arrangement  of  the 
different  kinds  of  teeth  in  the  jaws  may  be  expressed  by  the  following 
formula,  which  also  exhibits  the  relation  between  the  two  sets  in  these 
respects  : — 


Temporary  teeth 


Permanent  teeth 


Upper 

MO. 

2 

CA. 

1 

IN. 

4 

CA. 

1 

MO. 

2 

= 10 
— on 

Lower 

MO. 

Upper  3 

2 

BI. 

2 

l 

CA. 

1 

•i 

IN. 

4 

l 

CA. 

1 

2 

BI. 

2 

= 10 
MO. 

3=16 

30 

Lower  3 

2 

1 

4 

1 

2 

3=16 

The  Permanent  Teeth. — The  incisors  (fig.  202),  eight  in  number, 
are  the  four  front  teeth  in  each  jaw,  and  are  so  named  from  being 
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Fig.  202. 


\V| 


Fig.  202. 


adapted  for  cutting  or  dividing  the  food.  Their  crowns  are  chisel- 
shaped (c),  and  have  a sharp  horizontal  cutting  edge,  which  by  con- 
tinued use  is  bevelled  off  behind 
in  the  upper  teeth,  but  in  the 
lower  ones  is  worn  down  in  front, 
where  it  comes  into  contact  with 
the  over-lapping  edges  of  the 
upper  teeth.  Before  being  sub- 
jected to  wear,  the  horizontal 
edge  of  each  incisor  is  marked 
by  three  small  prominent  points, 
separated  by  two  slight  notches 
(fig.  202,  d).  The  anterior  sur- 
face of  the  crown  is  slightly 
convex,  and  the  posterior  con- 
cave. The  fang  is  long,  single, 
conical,  and  compressed  at  the 
sides,  where  it  sometimes  though 
rarely  presents  a slight  longitu- 
dinal furrow  (as  in  c). 

The  lower  incisor  teeth  are 
placed  vertically  in  the  jaw,  but 
the  corresponding  upper  teeth 
are  directed  obliquely  forwards. 

The  upper  incisors  are,  on  the 
whole,  larger  than  the  lower  ones. 

Of  those  in  the  upper  jaw  the 
central  incisors  are  the  larger ; 
but  in  the  lower  jaw,  the  central 
incisors  are  the  smaller,  and  are, 
indeed,  the  smallest  of  all  the 
incisor  teeth. 

The  canine  teeth,  (fig.  203), 
four  in  number,  are  placed  one 
on  each  side,  above  and  below,  next  to  the  lateral  incisors.  They  are 
huger  and  stronger  than  the  incisor  teeth.  The  crown  is  thick  and 
n^’?°TX  ^ fr°nt  anc\  hollowcd  behind,  and  may  be  compared 
so  t i ll  large-m?SOr  t?°t1h  the  an§'les  of  which  have  been  removed, 
annlied tn or  msP>  whence  name  cuspidate 
The  t;  r/  of  thl  ,h'  • T Je  alwayS  becomes  wom  dow*  ^ use. 

the  s/def.  n k L “If  tenth,1S  Smgle’  conica1’  and  compressed  at 

on  “i  cleV' it  ^rk0dbBP°nd^S  the®  al^^r  = 

-far  “ were’ of  the 

the  lower  ones.  In  the  doJtvif  t U°1Wn  a lttle  farther  outwards  than 
teeth  acquire  a great  size  and  ?e  carnivora  generally,  these 

^The1  ^ ^en  fcS®  ^ ^ ^ 

are  shorter  and  ’smaller*  than^he^c?’’  ^ fom'  in  each  iaw  5 fchey 
vol.  ii.  fbe  canines,  next  to  which  they  are 


-Incisor  Teeth  op  the  Upper 
and  Lower  Jaws. 

a,  front  view  of  the  upper  and  lower 
middle  incisors  ; b,  front  view  of  the  upper 
and  lower  lateral  incisors  ; c,  lateral  view 
of  the  upper  and  lower  middle  incisors, 
showing  the  chisel  shape  of  the  crown  ; 
a groove  is  seen  marking  slightly  the  fang 
of  the  lower  tooth ; d,  the  upper  and 
lower  middle  incisor  teeth  before  they  have 
been  worn,  showing  the  three  points  on 
the  cutting  edge. 
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placed.  The  crown  is 
not  only  on  its  outer 

Fig.  203. 


Fig.  203. — Canine  Tooth  op 
the  Upper  Jaw. 
a,  front  view ; b,  lateral 
Hew,  showing  the  long  fang 
grooved  on  the  side. 

The  molar  teeth  (fig. 
twelve  in  number,  and  ar 


compressed  antero-postcriorly,  and  is  convex, 
or  labial  surface,  like  the  preceding  teeth, 
but  on  its  inner  surface  also,  which  rises 
vertically  from  the  gum : it  is  broader  than 
that  of  an  incisor  or  canine  tooth,  and 
is  surmounted  by  two  pointed  tubercles  or 
cusps,  of  which  the  external  one  is  larger 
and  higher  than  the  other.  The  fang  is 
similarly  compressed,  and  is  deeply  grooved 
in  all  cases,  showing  a tendency  to  become 
double.  The  apex  of  the  fang  is  generally 
bifid,  and  in  the  second  upper  bicuspid  the 
root  is  often  cleft  for  a considerable 
distance ; but  the  bicuspid  teeth  are  very 
variable  in  this  respect,  and  may  be,  all 
four,  free  from  any  trace  of  bifidity  of  the 
root.  The  upper  bicuspids  are  larger  than 
the  lower  ones,  and  their  cusps  are  more 
deeply  divided.  Sometimes  the  first  lower 
bicuspid  has  only  one  tubercle  distinctly 
marked,  i.e.,  the  external,  and  in  that  case 
approaches  in  figure  to  a canine  tooth. 

205),  true  or  large  molars,  or  grinders,  are 
e arranged  behind  the  bicuspid  teeth,  three  on 


Fig.  204.  Fig.  205. 


Fig.  204.— First  Bicuspid  Tooth  op  the  Upper  and  Lower  Jaws. 

a,  front  view  ; b,  lateral  view,  showing  the  lateral  groove  of  the  fang,  and  the 
tendency  in  the  upper  to  division. 

Fig.  205. — First  Molar  Tooth  of  tue  Upper  and  Lower  Jaws. 

They  are  viewed  from  the  outer  aspect. 


oach  side,  above  and  below.  They  are  distinguished  by  the  large  size 
of  the  crown,  and  by  the  great  width  of  its  grinding  surface.  The  first 
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molar  is  the  largest,  and  the  third  is  the  smallest,  in  each  lange,  so 
as  to  produce  a gradation  of  size  in  these  teeth.  The . last  of  the 
range,  owin0-  to  its  late  appearance  thiough  the  gum,  is  called  the 
unsclom-tootli,  dens  sapiential  The  crowns  of  the  molar  teeth  are  low 
and  cuboid  in  their  general  form.  Their  outer  and  inner  surfaces  are 
■convex,  but  the  crowns  are  rather  flattened  before  and  behind.  1 he 
grindin0-  surface  is  nearly  square  in  the  lower  teeth,  and  rliomboidal  in 
the  upper,  the  corners  being  rounded  off ; it  bears  four  or  five  trihedral 
■tubercles  or  cusps  (whence  the  name  mult  icusp  idcit  i ),  separated  from 
■each  other  by  a crucial  depression.  The  upper  molars  have  four  cusps 
situated  at  the  angles  of  the  masticating  surface  ; of  these  the  anterior 
internal  cusp  is  the  largest,  and  is  frequently  connected  with  the 
posterior  external  cusp  by  a low  oblique  ridge.  In  the  upper  wisdom- 
teeth,  the  two  internal  cusps  are  usually  blended.  The  crowns  of  the 
lower  molars,  which  are  larger  than  those  of  the  upper,  have  five  cusps, 
the  additional  one  being  placed  between  the  two  posterior  ones,  and 
■rather  to  the  outer  side  ; this  is  especially  evident  in  the  lower  wisdom- 
teeth,  iu  which,  however,  the  crown  is  smaller  and  rounder  than  in 
the  others.  The  fangs  of  the  molar  teeth  are  multiple.  In  the  two 
.•anterior  molars  of  the  upper  jaw,  they  are  three  in  number,  viz., 
two  placed  externally,  which  are  short,  divergent,  and  directed  towards 
■the  antrum  of  the  superior  maxilla  ; and  a third  or  internal  fang, 
which  is  larger  and  longer,  and  is  directed  towards  the  palate,  its 
posterior  border  extending  as  far  back  as  that  of  the  posterior  external 
fang.  This  third  fang  is  often  slightly  grooved,  especially  when  the 
two  internal  cusps  of  the  crown  are  very  distinct,  and  sometimes  it  is 
■divided  into  two  smaller  fangs.  The  two  anterior  molars  of  the  lower 
jaw  have  each  two  broad,  compressed  fangs,  one  anterior,  the  other 
posterior,  which  are  grooved  on  the  faces  that  are  turned  towards  each 
other,  as  if  each  consisted  of  two  fangs  fused  together  ; they  have 
an  inclination  or  curve  backwards  in  the  jaw,  and  are  slightly  divergent, 
but  sometimes  parallel,  or  even  nearly  in  contact  with  each  other ; more 
rarely  one  or  both  of  them  is  divided  into  two  smaller  fangs.  In  the 
wisdom-teeth  of  both  jaws  the  fangs  are  often  collected  into  a single 
irregular  conical  mass,  which  is  either  directed  backwards  in  the  substance 
ot  the  jaw,  or  curved  irregularly  ; this  composite  fang  sometimes  shows 
traces  of  subdivision,  and  there  are  occasionally  two  fangs  in  the  lower 
tooth  and  three  in  the  upper. 

The  bicuspid  and  the  molar  teeth,  from  the  breadth  and  uneven 
character  of  their  masticating  surface,  are  fitted  for  bruising,  crushing, 
and  grinding  the  food. 

• ^‘!'e  yanfe  of.  teeth  in  each  jaw  forms  a nearly  uniform  curve,  which 
in  the  olT  ^ as  *s  the  case  in  many  animals,  even 

Ik  ta  lTa  UPPer  denfcal  arch  is  rather  wider  than 
hano-  those  0f’tiS°  i U J ^e  teeth  of  the  upper  jaw  slightly  over- 

slower  teeth1 SS:  ThlliiS  °Win«  PrinciPalV  to  the  fact  that 
inclined  somewhat-  • P^ced  cither  vertically,  as  in  front,  or  are 


of  the  upper  jaw  have  an  inclination  forwards 
the  height  of^rhe  erAw?6  niJ hli  there  is  a slight  diminution  in 

the  wisdom-teeth  there  k m fclle  teeth  from  the  incisors  backwards  to 

range.  In  consequence  nf  n m?n  n°  abruPt.  change  of  level  along  the 
1 the  large  proportionate  breadth  of  the  upper 
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central  incisors,  the  other  teeth  of  the  upper  jaw  are  thrown  somewhat 
outwards,  so  that  in  closure  of  the  jaws  the  canines  and  bicuspids  come 
into  contact  partly  with  the  corresponding  lower  teeth,  and  partly  with 
those  next  following ; and  in  the  case  of  the  molars,  each  cusp  of  the 
upper  lies  behind  the  corresponding  cusp  of  the  lower  teeth.  Since, 
however,  the  upper  molars  and  especially  the  wisdom-teeth  are  smaller 
than  those  below,  the  dental  ranges  terminate  behind  nearly  at  the 
same  point  in  both  jaws. 

The  Milk-teeth  (fig.  20G). — The  temporary  incisor  and  canine  teeth 
resemble  those  of  the  permanent  set  in  their  general  form  ; but  they 
are  of  smaller  dimensions.  The  temporary  molar  teeth  present  some 
peculiarities.  The  hinder  of  the  two  is  much  the  larger ; it  js  the 
largest  of  all  the  milk-teeth,  and  is  larger  even  than  the  second  per- 
manent bicuspid,  which  it  afterwards  gives  place  to.  The  first  upper 
milk  molar  has  only  three  cusps,  two  external  and  one  internal  ; the 
second  has  four.  The  first  lower  temporary  molar  has  four  cusps,  and 
the  second  five,  of  which  in  the  latter  case  three  are  external.  The 


Fig.  206. 


Fig.  206. — Milk  Teeth  of  the  Right  Side  of  the  Upper  and  Lower  Jaws. 
a,  tlie  incisors  ; b,  the  canines ; c,  the  molar  teeth. 

fangs  of  the  temporary  molars  resemble  those  of  the  permanent  set,  but 
they  are  smaller,  and  are  more  divergent  from  the  neck  of  the  tooth. 

STRUCTURE  OF  THE  TEETH. 

On  making  a section  of  a tooth,  the  hard  substance  of  which  it  is 
composed  is  found  to  be  hollow  within  (fig.  207).  The  form  of  the 
cavity  bears  a general  resemblance  to  that  of  the  tooth  itself  ; it 
occupies  the  interior  of  the  crown,  is  widest  opposite  to  or  a little- 
above  the  neck,  and  extends  down  each  fang,  at  the  point  of  which 
it  opens  by  a small  orifice.  In  the  incisor  teeth  the  cavity  is  prolonged 
above  into  two  fine  linear  canals,  which  proceed  one  to  each  corner  of 
the  crown  ; in  the  bicuspid  and  molar  teeth  it  advances  a short 
distance  into  each  cusp.  In  the  case  of  a root  formed  by  the  blending 
of  two  or  more  fangs,  as  occurs  occasionally  in  the  wisdom-teeth,  each 
division  has  a separate  canal  prolonged  down  to  its  apex. 

Pulp  of  the  teeth. — The  central  cavity  of  a tooth  is  called  the 
jmlp  cavity,  because  it  is  occupied  and  accurately  filled  by  a soft,  highly 
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Fig.  207. — Sections  of  an  Incisor 
and  Molar  Tooth. 

The  longitudinal  sections  show  the 
whole  of  the  pulp-cavity  in  the  incisor 
and  molar  teeth,  its  extension  upwards 
within  the  crown,  and  its  prolongation 
downwards  into  the  fangs  with  the 
small  aperture  at  the  point  of  each  ; 
these  and  the  cross  section  show  the 
relation  of  the  dentine  and  enamel. 


vascular,  and  sensitive  substance,  called  the  dented  pulp.  This  pulp  con- 
sists of  jelly-like  connective  tissue  containing  fine  filaments  of  the  white 
variety,  nucleated  cells,  blood-vessels 
and  nerves.  The  cells  are  partly  ns-  - • 

disseminated  in  the  soft  mass  and 
partly  form  a stratum  at  the  surface 
of  the  pulp,  where  they  are  elongated, 
somewhat  like  the  cells  of  columnar 
epithelium  (see  fig.  220,  c,  p.  318). 

On  extraction  of  the  pulp  from  the 
cavity  of  the  tooth,  this  layer  usually 
remains  adherent  to  the  hard  tissue, 
and  has  been  named  the  membrana 
eboris.  The  oblong  cells  composing 
it  (i odontoblasts ) send  processes  into 
tubules  in  the  dentiue,  to  be  after- 
wards noticed,  of  which  more  than 
one  may  come  from  the  same  cell  ; 
lateral  offsets,  according  to  Waldeyer, 
proceed  to  join  adjacent  cells,  and 
radical  processes  connect  the  super- 
ficial cells  with  others  lying  deeper 
in  the  pulp.  The  arteries  and  nerves,  which  are  derived  from  the 
internal  maxillary  and  fifth  pair  respectively,  enter  by  the  aperture 
at  the  point  of  each  fang.  The  vessels  form  a capillary  network 
beneath  the  superficial  cells  ; the  nerves,  as  described  by  Boll  in  the 
rabbit’s  incisor,  end  in  fine  non-medullated  fibres  which  are  distributed 
abundantly  at  the  surface  of  the  pulp  and  run  up  between  the  superficial 
cells.  Some  appear  to  take  the  direction  of  those  cell-processes  which 
enter  the  hard  tissue,  but  they  have  not  with  certainty  been  traced  into 
the  dentinal  tubules. 

Hard  tissues  of  the  teeth. — The  hard  part  of  a tooth  is  composed 
of  three  distinct  substances, — viz.,  the  proper  dental  substance,  ivory 
ci  dentine , the  enamel , and  the  cement  or  crusta  petrosa.  The  dentine 
constitutes  by  far  the  larger  portion  ; the  enamel  is  found  only  upon 
the  exposed  part  or  crown ; and  the  cement  covers  with  a thin  layer  the 
surface  of  the  implanted  portion  or  fang. 

The  dentine  (Owen,)  forming  the  "principal  mass  or  foundation 
of  the  body  and  root  of  a tooth,  gives  to  both  of  these  parts  their 
general  form,  and  immediately  encloses  the  central  cavity.  It  resem- 
• TeFJ  c<nnpact  bone  in  its  general  aspect  and  chemical  relations,  but 

W!fcl  lfc  m sfcl’ncture,  or  in  the  exact  proportions  of  its 
eaithy  and  animal  constituents.  1 

hutrS  t the  analyses,  of  Berzelius  and  Bibra,  the  dentine  of 

earthy  matter  * Parfcs  Per  c®nt-  °f  animal,  and  72  of 

The  comnosih'rm  r,r  °,naer  1S  resolvable  into  gelatin  by  boiling, 
phosphate  of  lime  cr-7  ^ter’  accorcTng  to  Bibra,  is  as  follows,  viz., 
magnesia  and  other  * Cfnv’  cai’konate  of  lime  3*3,  phosphate  of 

°f  “ ‘f  caleiL,  li- 
nearly paralleling  h'Uhri  throughout  by  fine  tubes,  which  being 

is  V owed  unde,  the  rri tmtei  T*  (««•  *01).  When  a thin  sectioS 

viewed  undei  the  rmerosco  >e  by  transmitted  light,  the  solid  sub- 
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stance,  or  matrix,  is  transparent  and  apparently  homogeneous,  while 
the  tubes,  being  (in  a dried  specimen)  filled  with  air,  are  dark  : but  when, 
seen  with  reflected  light  on  a dark  ground  the  latter  appear  white  ; in 
these  respects  they  resemble  lacunae  and  canaliculi  of  bone. 

The  dentinal  tubules  open  at  their  inner  ends  into  the  pulp-cavity r 
which  presents  very  numerous  minute  orifices  over  the  whole  surface. 
Thence  they  pass  in  a radiated  manner  through  every  part  of  the  ivory 
towards  its  periphery.  In  the  upper  part  of  the  crown  they  have  a 
vertical  direction ; but  towards  the  sides,  and  in  the  neck  and  root,, 
they  become  gradually  oblique,  then  horizontal,  and  arc  finally  even 
inclined  downwards  towards  the  point  of  the  fang.  The  tubules 
describe  in  their  course  two  or  three  gentle  curves  {'primary  curvatures, 


fig.  201),  and  each  is  besides 


Fig.  208. 


1,  cement,  with  large  bone-lacunte 
and  indications  of  lamella;  ; 2,  granular 
layer  of  Purkinje  (interglobular  spaces) ; 
3,  dentinal  tubules. 

also  become  very  fine,  terminate 


twisted  throughout  its  whole  length 
into  numerous  fine  spiral  turns,  which 
follow  more  closely  one  upon  another  ; 
these  are  the  secondary  curvatures 
(fig.  208).  In  form  a tubule  may 
accordingly  be  likened  to  the  thread 
of  a corkscrew,  stretched  so  that  the 
turns  are  drawn  far  apart,  and  their 
bi'eadth  proportionally  diminished 
(Welcker). 

The  tubes  are  only  slightly  di- 
vergent as  they  pass  towards  the  sur- 
face ; and,  as  they  divide  several 
times  dichotomously,  and  at  first  with- 
out being  much  diminished  in  size, 
they  continue  to  occupy  the  sub- 
stance of  the  dentine  at  almost  equal 
distances,  and  their  nearly  parallel 
primary  curvatures  produce,  by  the 
manner  in  which  they  reflect  the 
light,  an  appearance  of  concentric 
undulations  in  the  dentine,  which 
may  be  well  seen  with  a low  magni- 
fying power  {Schreyers  lines).  The 
average  diameter  of  the  tubules  at 
their  inner  and  larger  ends  is  T 
of  an  inch,  and  the  distance  between 
adjacent  tubules  is  commonly  about 
two  or  three  times  their  width. 
From  their  sides  numerous  immeasur- 
ably fine  branches  are  given  off, 
which  penetrate  the  hard  intertubu- 
lar substance,  where  they  either  anas- 
tomose or  terminate  blindly.  These 
lateral  ramuscules  are  said  to  be  more 
abundant  in  the  fang.  Hear  the  peri- 
phery of  the  ivory  they  are  very 
numerous,  and,  together  with  the 
main  tubules  themselves,  which  there, 
by  rapid  division  and  subdivision, 
imperceptibly  by  free  ends,  or  by  join- 
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Fig.  209. 


iuS  together  in  loops,  or  in  the  interglobnlar  cavities  shortly  to  he 

dCThebtnbules  are  described  as  having  each  a proper  wall  independent 
of  the  intertubular  matrix,  but  intimately  adhering  to,  and  under  ordi- 
nary circumstances  indistinguishable  from  it  This  wall  named  the 
denied  or  dentinal  sheath,  is  formed  of  a calcified  membranous  tube 
By  steeping  sections  of  decalcified  dentine  in  strong  hydrochloric  acid, 
the  matrix's  destroyed,  and  the  membranous  tubes,  which  consist  of  a 
more  resisting  material  (probably  elastic  substance),  remain  behme. 
In  sections  of  hard  dentine  made  across  the  tubules  (fig.  209),  the  w alls 
of  these  often  appear  as  a distinct  thin  border  : this  may,  howovei,  ee 

due  to  an  optical  elfect.  . 

In  properly  prepared  sections  of  softened  teeth  fine  processes  may  be 

seen  passing  into  the  tubules  from  the  surface-cells  of  the  pulp  before- 
mentioned  ; and  it  is  suggested  by  Tomes  that  these  aie  not  only 
subservient  to  the  nutrition  of  the  dentine,  but  probably  also  confer  on 
it  a certain  degree  of  sensibility.  It  has  been 
noticed,  indeed,  that  the  dentine  is  more 
sensitive  near  the  surface  than  deeper  in  its 
substance, — a fact  not  easily  intelligible  on 
the  supposition  that  the  sentient  tissue  is 
confined  to  the  pulp-cavity.  But  the  sensibility 
of  the  teeth  may  not  improbably  be  in  part 
dependent  on  the  nerves  in  the  dental 
periosteum  (Salter). 

In  the  temporary,  and  sometimes  even  in  the  per- 
manent teeth,  the  tubules  are  constricted  at  short 
intervals,  so  as  to  present  a moniliform  character. 

The  terminal  branches  of  tubules  are  occasionally 
seen  to  pass  on  into  the  cement  which  covers 
the  fang,  and  to  communicate  with  canaliculi 
proceeding  from  the  characteristic  lacunaj  found  in  that  osseous  layer.  Tu- 
bules have  likewise  been  observed  by  Tomes  passing  into  the  enamel  in  the 
teeth  of  marsupial  animals,  and  in  a less  marked  degree  in  human  teeth. 

The  intertubular  substance  is  translucent.  The  animal  matter  which 
remains  in  it,  after  the  earth  has  been  removed  by  an  acid,  exhibits 
a tendency  to  tear  in  the  direction  of  the  tubules,  but  is  inv  reality  a 
homogeneous  substance,  deposited  in  a laminated  manner.  This  was 
shown  by  Sharpey,  who  observed  that  in  the  softened  teeth  of  the 
cachalot  or  sperm-whale  the  animal  substance  was  readily  torn  into  fine 
lamellae,  parallel  with  the.  internal  surface  of  the  pulp-cavity,  and  there- 
iorc  across  the  direction  of  the  tubules.  In  these  lamellae  the  sections 
oi  the  tubules  appear  as  round  or  oval  apertures,  the  lamellae  having 

ee  same  relation  to  the  tubules  as  those  of  true  bone  to  the  canaliculi. 

le  same  tendency  to  lamination  is  exhibited  by  boiling  a longi- 
tudinal section  of  tooth  with  caustic  potash,  after  which  it  presents 
tnhnW  S ti’  S ifc’  fnt\  reS«lar  fissures,  lying  at  right  angles  to  the 
^ flrin  evn  n’°ns  -OTt  vthe  extenfc  of  the  dentine  (Cleland)  ; moreover, 

hdn  ennnom'S-CC  1-°n  °rf  t°10t*1  may  ^e  broken  up,  after  decalcification, 
into  concentric  rings  like  the  year-rings  of  wood  (Salter). 


Fig.  209. — Sections  of  Den- 
tinal Tubules  (after 

Fraenkel). 

a,  cut  across ; b,  cut  ob- 
liquely. (About  300  dia- 

meters). 


* Some  authorities  maintain  that  the  sheaths  arc  not  calcified. 
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• 1 strnctnrc  ls  an  indication  of  the  deposition  of  dentinal  substance 

‘ Lccessivo  strata  m the  process  of  formation  of  the  tooth— the  lamina;  corre- 
sponding with  tlie  sliape  of  the  pulp-surface  at  successive  stages  of  the  process 
?fre!luentJy  lmfs»  varying  in  number  and  breadth,  are  seen  in  sections  of 
l ie  fully-formed  tooth,  conforming  in  direction  with  the  lamination  just  spoken 


Fig.  210. 


Fig.  211. 


Fig.  210.— Vertical  Section  of  the  Upper  Part  of  an  Incisor  Tooth  (from  Kolliker). 

Magnified  7 Diameters. 

a,  the  pulp-cavity ; 5,  dentine;  c,  arched  incremental  lines;  d,  cement;  c,  enamel 
with  bands  indicating  the  direction  of  the  ranges  of  fibres  ; f,  coloured  lines  of  the 
enamel. 


Fig.  211. — A.  Small  Portion  of  the  Dentine  with  Interglobdlar  Spaces  (from 

Kolliker).  350  Diameters. 

I,  the  tubules  ; c,  portion  of  incremental  line  formed  by  the  interglobular  spaces,  which 
are  here  filled  up  by  a transparent  material. 

of  (fig.  210,  c).  They  are  caused  by  imperfect  calcification  of  the  dentine,  which 
shows  little  cavities  bounded  by,  and  therefore  receiving  their  figure  from,  minute 
nodules  or  globules  of  dentine,  and  hence  named  interglobular  tqtaceu  (fig.  211,  e). 
The  lines  themselves  may  be  termed  “ incremental”  lines  (Salter),  as  they  repre- 
sent stages  of  deposition  of  the  dentine.  The  term  “ contour  lines,”  which  has 
been  applied  to  them,  is  inappropriate,  inasmuch  as  they  intersect  the  contour 
of  the  tooth.  The  interglobular  spaces,  and  the  globules  surrounding  them,  vary 
in  size  within  wide  limits.  A layer,  in  which  they  are  very  fine — granular  layer  of 
Purkinje  (fig.  208,  2) — is  not  uncommonly  found  towards  the  surface  of  the  fang 
beneath  the  cement,  and  sometimes  in  the  crown  beneath  the  enamel : and  it  may 
be  noticed  that  the  more  superficial  of  the  incremental  lines  are  continued 
into  this  layer  (see  fig.  201). 


STRUCTURE  OF  THE  ENAMEL. 
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The  enamel  is  that  hard  white  covering  which  encrusts  and  pro- 
tects the  exposed  portion  or  crown  of  a tooth.  It  is  the  haidest  of  all 
the  dental  tissues,  but  is  gradually  worn  down  by  pro ti acted  use.  It 
is  thickest  on  the  grinding  surface  and  cutting  edge  of  the  teeth,  and 
becomes  gradually  thinner  towards  the  neck,  wheie  it  ceases.  Its 
extent  and  thickness  are  readily  seen  on  charring  the  tooth,  by  which 
the  dentine  becomes  blackened,  whilst  the  enamel,  owing  to  the  very 
small  quantity  of  animal  matter  in  its  composition,  remains  white. 
According  to  Bibra  it  contains  of  earthy  constituents  96*5  per  cent., 
viz.,  phosphate  of  lime  with  traces  of  fluoride  of  calcium  89’8,  carbonate 
of  lime  4-4,  phosphate  of  magnesia  and  other 
salts  1-3  ; and  of  animal  matter  only  3*5  per 
cent.  Berzelius,  however,  gives  the  proportion 
of  carbonate  of  lime  as  8,  and  of  animal  matter 
as  only  2 per  cent. 

The  enamel  is  made  up  entirely  of  very  hard 
and  dense  microscopic  fibres  or  prisms,  ar- 
ranged closely  together,  side  by  side,  and  set 
by  one  extremity  upon  the  subjacent  surface 
of  the  dentine  (fig.  212).  The  fibres  are 
disposed  in  ranges  which  are  set  vertically 
on  the  grinding  surface,  but  on  the  sides  of 
the  crown  get  more  and  more  horizontal.  Near 
the  dentine  the  fibres  cross  one  another  in  the 
alternate  ranges,  but  become  more  parallel  as 
they  approach  the  surface  of  the  tooth  ; from 
this  intercrossing  the  ranges  appear  on  a 
section  as  alternate  light  and  dark  stripes 
passing  through  the  enamel  from  its  inner  to 
its  outer  surface  (as  in  figs.  201  and  210). 

This  is  no  doubt  owing  to  the  manner  in  which 
the  different  strata  affect  the  light.  A series 
of  concentric  lines  is  likewise  to  be  seen 
crossing  the  enamel  fibres  : these  are  termed 
coloured  lines  from  their  brown  appearance,  but 
whether  caused  by  pigmentary  deposit  or 
■otherwise  is  unascertained.  Minute  fissures  not 
infrequently  exist  in  the  deep  part  of  the 
enamel,  which  run  between  clusters  of  the 
fibres  down  to  the  surface  of  the  dentine  (fig. 

212,  c)  ; and  other  much  larger  and  more 
evident  fissures  are  often  observed  leading 
■clown  from  the  depressions  or  crevices  between 
ic  cusps  of  the  molar  and  premolar  teeth, 
f he  nnworn  surface  of  the  enamel  is  marked 
Jy.  centric  ridges,  which  may  be  distin- 
guis  icd  with  a common  magnifying  glass. 

fb/CS  .<**  «»8)  have  the  form 
Aili  slx;Eldfd  Pnsms.  Their  diameter  is 

by  dark  tnnsyevse  l.pt  ’ °f  n'l  inc’*-  Tlley  are  marked  at  small  intervals 
fo  minute  hexamnl  T' . T.he  inner  e“ds  of  the  prisms  are  implanted 

whilst  the  outer  onrie^leSSl0nSi  ^ounc^  011  the  surface  of  the  dentine  ; 

s,  somewhat  larger  in  diameter,  are  free,  and 


Fig.  212. — Thin.  Section 
of  the  Enamel  and  a 
Part  of  the  Dentine 
(from  Kolliker).  350 
Diameters. 

a,  cuticular  pellicle  of 
the  enamel  ; b,  enamel- 
fibres  or  columns  with 
fissures  between  them  and 
cross  strue;  c,  clefts  in  the 
enamel  communicating  with 
the  extremities  of  some  of 
the  tubuli  (d). 


312 


T1IE  TEETH. 


present,  when  examined  with  a high  magnifying  power,  a tesseluted 
appearance  (fig.  213,  b). 

Fig.  213. 


213. — Enamel  Fibres  (from  Kolliker).  350  Diameters. 

A , fragments  and  single  fibres  of  the  enamel,  isolated  by  the  action  of  hydrochloric  acid. 
D,  surface  of  a small  fragment  of  enamel,  showing  the  hexagonal  ends  of  the  fibres. 


"When  submitted  to  the  action  of  dilute  acids,  the  enamel  is  almost 
entirely  dissolved,  and  leaves  scarcely  any  discernible  traces  of  animal 
matter.  By  the  action  of  an  acid,  the  enamel  of  newly  formed  or  still 
growing  teeth  may  be  broken  up,  and  its  structural  elements  more 
easily  distinguished. 

It  is  further  found,  on  treatment  with  acid,  that  a very  thin  mem- 
brane called  by  Kolliker  “ cuticle  of  the  enamel,”— and  by  Busk  and 
Huxley  “ Nasmyth's  membrane,  ” entirely  covers  the  enamel  of  unworn 
teeth  upon  its  outer  surface  (fig.  212,  a).  This  membrane  forms  a pro- 
tective covering  to  the  enamel.  It  is  of  an  epithelial  and  horny 
nature,  and  obstinately  withstands  prolonged  boiling  with  water  as 
well  as  the  action  of  acids  and  other  re-agents. 

The  crusta  petrosa  or  cement  (fig.  201,  3)  is  the  third  sub- 
stance which  enters  into  the  formation  of  the  teeth.  This  is  a layer 
of  true  bone,  slightly  modified  in  structure,  and  investing  that  part  of 
the  dentine  which  is  not  protected  by  the  enamel.  It  covers  the  whole 
fang,  towards  the  lower  end  of  which  it  becomes  gradually  thicker, 
and  is  specially  developed  at  the  apex,  and  along  the  grooves  of  the 
compound  fangs.  As  life  advances,  the  cement  generally  grows  thicker, 
especially  near  the  point  of  the  fang,  where  it  sometimes  blocks  up  the 
orifice  leading  to  the  pulp-cavity. 

The  crusta  petrosa  is  lamellar  in  structure,  and  contains  lacunae  and 
canaliculi  resembling  those  of  bone  but  larger  and  more  irregular  (fig. 
208, 1).  In  the  deeper  layers  of  the  cement  the  fine  canaliculi  sometimes 
anastomose  with  some  of  the  terminal  tubules  of  the  subjacent  dentine, 
as  already  stated.  Where  the  cement  is  very  thick  it  may  contain  vascu- 
lar canals,  analogous  to  the  Haversian  canals  of  bone.  On  the  deciduous 
teeth  the  cement  is  thinner,  and  contains  fewer  cells.  It  has  been 
shown  by  Sharpey  that  perforating  fibres,  similar  to  those  of  ordinary 
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bone,  run  abundantly  through  the  cement.  In  chemical  composition  it 
resembles  bone,  and  contains  30  per  cent,  of  animal  matter . 1 he 
cement  is  according  to  some,  extremely  sensitive  at  the  neck  of  the 
tooth,  if  it  be  exposed  by  retraction  of  the  gum.  This  is  probably  due 
to  the  nerves  of  its  periosteal  covering.  By  its  connection  with  the 
surrounding  membranous  structures  it  contributes  to  fix  the  tooth  in 
the  socket.  It  is  the  seat  of  the  bony  growths  or  exostoses  sometimes 

found  upon  the  teeth. 


FORMATION  OF  THE  TEETH. 

A tooth  is  formed  on  the  same  fundamental  type  of  development  as  a 
hair.  In  the  latter  case  a process  grows  down  from  the  Malpighian 
layer  of  the  epidermis  into  the  subjacent  cutaneous  corium,  in  which  a 
depression  is  simultaneously  produced  for  its  reception.  A papilla,  soon 
becoming  vascular,  rises  up  from  the  bottom  of  the  depression  into  the 
cellular  mass,  and  the  primitive  tissue  forming  the  wall  of  the  recess  is 
converted  into  the  coats  of  a follicle.  In  the  formation  of  a tooth  there 
is  in  like  manner  a downgrowth  from  the  Malpighian  layer  of  the  oral 
epithelium  (which  corresponds  with  the  epidermis  and  is  derived  from 
the  same  embryonic  layer).  The  cellular  process  is  received  into  a recess 
of  the  subjacent  mucous  membrane.  In  this  also  a vascular  papilla 
grows  up  from  the  bottom,  and  the  simple  wall  of  the  cavity  is  differ- 
entiated into  a vascular  sac  or  follicle. 

The  first  recognized  steps  in  the  development  of  the  teeth  take  place 
as  early  as  the  seventh  week  of  intra-uterine  life.  At  this  time  the 
oral  epithelium  becomes  thickened  along  the  border  of  the  jaws,  and  its 
Malpighian  layer  grows  down  into  a corresponding  groove,  which  is 
formed  to  receive  it  in  the  soft  embryonic  tissue  of  which  the  jaw  then 
consists.  The  groove,  although  filled  and  covered  in  by  the  epithelium, 
is  still  faintly  indicated  by  a shallow  superficial  furrow.  This  down- 
growth  of  epithelium,  which  is  named  the  “ enamel-germ,”  forms 
the  foundation  of  the  special  structures  or  organs  which  generate  the 
enamel  in  the  several  teeth,  and  for  the  sake  of  distinction  may  be 
termed  the  common  enamel-germ.  The  groove,  as  well  as  the 
changes  subsequently  occurring  in  it,  was  observed  by  F.  Arnold  and 
by  Goodsir,  who  named  it  the  “ primitive  dental  groove,”  but  neither 
of  these  observers  appears  to  have  noticed  the  contained  epithelium 
(or  at  least  to  have  recognized  its  importance),  probably  in  conse- 
quence of  its  soft  and  friable  substance  having  been  accidentally  wiped 
away.  The  common  enamel-germ,  simultaneously  with  the  groove,  next 
increases  in  depth,  and,  at  the  same  time,  its  deeper  portion  inclines 
outwards,  forming  an  angle  with  its  more  superficial  part.  It  also  swells 
out  below,  so  that  a transverse  vertical  section  of  it  is  club  or  flask- 
s laped.  An  increased  development  then  takes  place  at  particular 
pom  s,  coiiesponding  in  situation  with  the  ten  milk-teeth  ; and  the 
common  enamel-germ  thus  becomes  parted  in  its  deeper  portion,  or 
■a  enc  e >j  further  growth,  into  as  many  distinct  aggregations  of  cells, 
J?  ct  i e1naillel-gernis’~ one  for  each  tooth — of  a club  or  flask-shape, 
•j.1  i • y ^ a llarrowed  neck  with  what  remains  of  the  common 
i j r.,,mSi10'Vth  j1?’  /)•  These  tooth-germs,  as  they  may 

• , ‘ e.L)’  ,are  lodged  each  in  its  own  recess,  which  at  this  time 

y i pi  in  the  soft  embryonic  tissue,  without  the  membranous 
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coats  which  afterwards  are  formed.  From  the  bottom  a papiHa  (//) 
meanwhile  rises,  soon  becoming  vascular,  and  assuming  the  shape  of 


Fig.  214. 


Fig.  214. — Diagrams  of  the  Mole  of  Origin  of  the  Dental  Germ  in  the 

Ruminant  (after  Kolliker). 


The  three  figures  represent  transverse  sections  of  the  gum  and  a part  of  the  jaw  at  or 
shortly  after  the  period  of  the  formation  of  the  germ,  and  are  designed  chiefly  to  show 
the  relation  o the  germ  to  the  epithelium. 

A,  represents  a very  early  condition,  when  the  enamel-germ  of  a milk  or  temporary 
tooth  has  been  formed  by  a down-growth  of  the  deep  layer  of  the  epithelium. 

B,  represents  a later  stage,  when  the  tooth-papilla  has  risen  from  the  surface  of  the 
raucous  membrane,  and  has  indented  the  enamel-germ. 

C,  represents  a more  advanced  stage  in  which  the  dental  sac  has  begun  to  be  formed. 

c,  the  superficial  thick  epithelium  of  the  gum  only  sketched  in  outline  ; c',  the  deep 
.layer  ;/,  the  epithelial  downgrowth  ; /',  the  special  enamel-germ,  afterwards  (in  B and 
C)  the  enamel-organ  ; p,  the  dental  papilla,  and  afterwards  tooth-pulp.  In  B and  C a 
clear  space  is  seen  between  the  dental  pulp  and  the  deeper  columnar  cells,  e,  of  the 
enamel-organ  : it  is  probably  produced  by  a shrinking  of  the  soft  parts  away  from  one 
another ; s,  the  commencement  of  the  dental  sac  ; / p,  the  enamel-germ  of  the  correspond- 
ing permanent  tooth. 
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the  future  tooth-crown.  It  is  received  into  a corresponding  dimple  of 
the  enamel-germ,  which  now  comes  to  lesemble  in  form  an  inverted 

cup,  and  fits  upon  the  papilla  (fig.  214,  B,_/  ). 

Goodsir  described  the  process  somewhat  diffeiently.  According  to 
his  account  the  papillae  first  appear  in  the  bottom  of  the  undivided 
qroove,  and  separate  loculi  are  then  formed  loi  them  by  partitions 
which  grow  across  its  deeper  part.  They  thus  become  lodged  m pits 
which  are  partitioned  off  at  the  bottom  of  the  original  groove,  and  this 
condition  was  termed  by  him  the  folliculcti  sfcitje.  It  is  lepiesented  in 
fio-.  216,  and  in  diagrammatic  section  in  fig.  215,  Nos.  3 and  4. 

According  to  the  same  observer,  the  order  in  which  the  papillae  appeal 
is  very  regular.  That  of  the  anterior  milk  molni  is  the  fii^t  (<th 
week)  ; that  of  the  canine  next  (8th  week)  ; the  incisor  papillae  next 
(9th  week),  the  central  before  the  lateral’;  and  that  of  the  posterior 
milk  molar  last  (10th  week).  The  several  papillae  of  the  upper  jaw 
appear  a little  earlier  than  the  corresponding  ones  of  the  lower.  The 
groove  is  said  to  become  separated  by  partitions  in  corresponding  order, 
and  the  follicular  stage  to  be  completed  by  the  14th  week.  The  open 
pits  are  next  closed,  and  the  included  enamel-germ  cut  off  from  connec- 
tion with  the  superjacent  epithelium,  and  finally  the  sides  of  the  groove 


Fig.  215. — Diagrammatic  Outlines  op  Sections  through  the  Dental  Germs  and 
Sacs,  at  Different  Stages  of  Development  (from  Goodsir). 

1,  the  primitive  dental  groove  of  the  lower  jaw  cut  across  in  a foetus  of  about  six 
weeks  ; 2,  a papilla  rising  within  the  dental  groove  ; 3,  4,  and  5,  represent  the  folli- 
cular stage  in  which  the  papilla  is  seen  sunk  within  the  follicle,  and  the  lips  of  the 
follicle  (opercula)  advancing  towards  e*ch  other,  gradually  meet  and  close  in  the 
follicle  ; 5,  may  he  looked  upon  as  representing  the  section  indicated  by  the  line  a b, 
m fig.  216,  through  the  Sac  of  an  incisor  tooth,  in  which  a.  lnnatfid  r1c-nrps«inTi  lr\ 


above  the  separate  germs  coalesce  in  its  whole  length — the  process 


which  covers  the  gum,  and  also  that  which 
represented  in  these  diagrams. 


s upper  obliterated  portion.  The  epithelium 
occupies  the  dental  follicles  and  sacs,  is  not 
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beginning  at  the  posterior  end— and  thus  by  the  end  of  the  15th  week 
the  groove  is  obliterated,  and  the  tooth-germs  included  in  shut  sacs  ; a 
condition  named  by  Goodsir  the  saccular  stage  (fig.  215,  G,  7).  He 
described  the  closing  of  the  pits  as  taking  place  by  the  growth  and 
mutual  union  of  little  lappets  or  opercula  over  their  orifices  (fm.  215 
4 and  5 ; fig.  217  o). 

Certain  lunated  depressions,  with  enclosed  epithelium,  which  are 
formed  one  behind  each  of  the  milk-follicles  about  the  fourteenth  week, 
escape  the  general  adhesion  of  the  lips  of  the  groove  (figs.  214,  C,  fp, 
217,  c,  215).  These  are  the  germs  of  the  ten  anterior  permanent  teeth 
as  will  be  afterwards  shown. 

While  the  above-described  changes  are  going  on,  the  soft  embryonic 
tissue  bounding  the  cavity  which  contains  the  tooth-germ,  becomes 
converted  into  a vascular  membranous  sac,  and  the  osseous  foundation 
of  the  maxilla  is  laid.  The  jaw  is  at  first  in  form  of  a bony  gutter, 


Fig.  216.  Fig.  217. 


Fig.  216. — Enlarged  View  op  the  Upper  and  Lower  Dental  Arches  op  a F<etds 

of  about  Fourteen  Weeks. 

Tliis  specimen  shows  the  follicular  stage  of  development  of  all  the  milk  teeth  as 
described  by  Goodsir  ; in  each  follicle  the  papilla  is  seen  projecting  ; but  this  exposure 
of  the  papilla  and  the  cavity  of  the  follicle  arises  from  the  accidental  loss  of  the 
epithelial  covering. 

Fig.  217. — Enlarged  Diagram  op  the  Dental  Arch  on  the  Left  Side  of  the 
Lower  Jaw  of  a Fcetus  of  about  Fourteen  Weeks  (slightly  altered  from  Goodsir). 

/,  the  follicles  of  the  five  milk  teeth,  supposed  to  be  open,  showing  the  dental  papillae 
within  them,  and  o,  the  opercula  on  their  borders ; they  are  n umbered  from  1 to  5 in 
the  order  of  their  first  appearance ; c,  to  tlig,  inside  of  each  is  the  lunated  depression 
forming  the  commencement  of  the  germ  of  the  corresponding  permanent  tooth. 


in  which  the  teeth-rudiments  are  lodged ; but  this  is  soon  divided  by 
osseous  partitions  into  chambers  for  the  several  tooth-sacs,  at  first  with 
wide  openings,  which  afterwards  are  narrowed,  but  so  as  to  allow 
the  contained  sacs  to  cohere  with  the  gum  along  the  border  of  the  jaw. 
The  recesses  in  question  are  not  the  alveoli ; these  are  formed  subsequently 
around  the  fangs  of  the  teeth  as  they  rise  into  their  permanent  place,  and 
the  jaw  is  deepened  by  the  growth  of  its  alveolar  border. 

The  dental  sacs  are  well  seen  in  the  jaw  of  an  infant  a few  months  old, 
before  the  eruption  of  the  teeth.  They  are  represented  at  this  stage  in 
fig.  218.  They  consist  of  an  outer  fibro-vascular  coat  connected  with 
the  periosteum,  and  an  inner  highly  vascular  layer  with  a little  jelly- 
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like  tissue  interposed  between  the  two.  The  inner  coat  is  lined  with 
the  epithelium  of  the  enamel  organ  to  be  hereafter  described.  Their 


Fig.  218. — The  Dental  Sacs 

EXPOSED  IN  THE  JAW  OF  A 

Child  at  Birth. 

a,  tlie  left  half  seen  from 
the  inner  side  ; b,  the  right 
half  seen  from  the  outer 
side  ; part  of  the  bone  has 
been  removed  so  as  to  ex- 
pose the  dental  sacs  as  they 
lie  below  the  gum  ; the  lower 
figure  shows  the  sacs  of  the 
milk-teeth  and  the  first  per- 
manent molar,  exposed  by 
removing  the  bone  from  the 
outside  ; the  upper  figure 
shows  the  same  from  the  in- 
side, together  with  the  sacs 
of  the  permanent  incisor  and 
canine  teeth  adhering  to  the 
gum. 


Fig.  218. 


blood-vessels  are  derived  partly  from  the  dental  arteries  which  course 
along  the  base  of  the  sacs,  and  partly  from  those  of  the  gums. 

The  papillae,  now  the  dental  pulps,  acquire  a perfect  resemblance  to 
the  crowns  of  the  future  teetli,  and  then  the  formation  of  the  hard  sub- 
stance commences  in  them,  as  will  be  immediately  described.  This 
process  begins  very  early,  and  by  the  end  of  the  fourth  month  of  foetal 
life  thin  shells  or  caps  of  dentine  (fig.  219,  1)  are  found  on  all  the 
pulps  of  the  milk-teeth,  and  a little  later  on  that  of  the  first  per- 
manent molar,  while  at  the  same  time  the  coating  of  enamel  begins  to 
be  deposited  on  each. 


Fig.  219.  Different  Stages  in  tiie  Formation  of  a Molar  Tooth  with  Two 

Fangs  (from  Blake). 

1,  the  distinct  caps  of  dentine  for  five  cusps  in  the  earliest  stage  of  formation  ; in  2, 
.and  the  remaining  figures,  the  crown  is  downwards ; in  2 and  3,  the  formation  of  the 
proceeded  as  far  as  the  neck,  a bridge  of  dentine  stretches  across  the  base 

t £ of  the  fangs  is  thus  completed ; in  5>  G> 


onrl  in  tiiiimoea  v mo  increases  in  extent  by  a growth  around  its  edges, 
vmln  rWronsps  in  ^ addlk}ons  111  its  interior,  while  the  substance  of  the 
“ ™ proportion.  This  growth  of  the  tooth  continues  until 

loP,  n To  2CtC  ° 18  Pr°Per  width>  and  then  the.  pulp  under- 
goes a constnction  at  its  base  to  form  the  cervix  of  the  tooth,  and 
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afterwards  elongates  and  becomes  narrower,  so  as  to  serve  as  the  basis 
of  the  fang.  Sooner  or  later,  after  the  completion  of  the  crown,  this 
part  of  the  tooth  appears  through  the  gum,  whilst  the  growth  of 
dentine  to  complete  the  faug  is  continued  at  the  surface  of  the 
elongating  pulp,  which  gradually  becomes  encroached  upon  by  suc- 
cessive formations  of  hard  substance,  until  only  a small  cavity  is  left 
in  the  centre  of  the  tooth,  containing  nothing  but  the  reduced  pulp, 
supplied  by  slender  threads  of  vessels  and  nerves,  which  enter  by  a 
small  aperture  left  at  the  point  of  the  fang  after  the  dentine  is  com- 
pleted. In  the  case  of  teeth  having  complex  crowns  and  more  than 
a single  fang,  the  process  is  somewhat  modified.  On  the  surface  of  the 
dental  pulp  of  such  a tooth,  as  many  separate  caps  or  shells  of  dental 
substance  are  formed  as  there  are  eminences  or  points;  these  soon 
coalesce,  and  the  formation  of  the  tooth  proceeds  as  before  as  far  as  the 
cervix.  The  pulp  then  becomes  divided  into  two  or  more  portions, 
corresponding  with  the  future  fangs,  and  the  ossification  advances  in 
each  as  it  does  in  a single  fang  ; while,  at  the  same  time,  a horizontal 
projection  or  bridge  of  dentine  is  deposited  across  the  base  of  the  pulp, 
between  the  commencing  fangs,  so  that  if  the  tooth  be  removed  at  this 
stage  and  examined  on  its  under  surface,  its  shell  presents  as  many 
apertures  as  there  are  separate  fangs  (fig.  219,  3 and  4).  In  all  teeth, 
the  pulp  originally  adheres  by  its  entire  base  to  the  bottom,  of  the  sac ; 
but,  when  more  than  one  fang  is  to  be  developed,  the  pulp  is,  as  it  were, 
separated  from  the  sac  in  certain  parts,  so  that  it  comes  to  adhere  at 
two  or  three  insulated  spots  only,  corresponding  with  the  fangs,  whilst 
the  dentine  continues  to  be  formed  along  the  surrounding  free  surface 
of  the  pulp. 

Formation  of  the  hard  tissues  of  the  Teeth. — The  account 

already  given  of  the  structure  of 
the  permanent  pulp  of  a tooth  will 
apply  also  to  that  of  the  papilla 
or  formative  pulp  of  the  growing 
tooth,  both  before  and  after  the 
dentine  has  begun  to  be  formed 
from  it. 

It  may  be  added,  however,  that  its 
capillary  vessels,  which  form  a series 
of  loops  a short  distance  beneath  the 
surface,  are  much  more  abundant  op- 
posite the  point  or  points  where  cal- 
cification is  about  to  commence. 

The  dentine  is  produced  more 
immediately  by  the  elongated  cells 
(odontoblasts)  already  described  as 
forming  the  superficial  stratum  of 
the  pulp  (fig.  220,  c).  These  cells 
send  out  from  their  free  extremi- 
ties filamentous  processes,  as  de- 
scribed by  Lent,  and  the  intercel- 
lular substance  of  the  pulp  tissue 
between  and  around  these  pro- 
cesses becomes  changed  into  the  solid  matrix  or  intertubular  substance 


Fig.  220. 


Fig.  220. — Part  of  Section  of  Develop- 
ing Tooth  of  Young  Rat,  Showing  the 
Mode  of  Deposition  of  the  Dentine. 
Highly  Magnified. 

a,  outer  layer  of  fully  formed  dentine ; 
b,  uncalcified  matrix,  with  one  or  two 
nodules  of  calcareous  matter  near  the  cal- 
cified part ; c,  odontoblasts  sending  pro- 
cesses into  the  dentine  ; d,  pulp.  The  sec- 
tion is  stained  with  carmine,  which  colours 
the  uncalcified  matrix,  but  not  the  calcified 
part. 
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of  the  dentine,  which  is  thus  us  it  were  moulded  upon  them,  so  as  to 
form  the  tubules  in  which,  therefore,  the  cell-piocesses  ai  e now  enclosed. 
The  same  cell  may  continue  to  spin  out  a filament  until  the  tubule  is 
completed  in  its  whole  length,  and  it  may  he  that  a cell  sends  out  two 
or  more  processes,  coalescing  into  one  as  the  cell  leccdes,  so  tnat  a 
branched  tubule  is  thus  produced. 


Fig.  221. 


According  to  Waldeyer  (with  whom  Boll  sems  to  agree)  it  is  the  substance  or 
protoplasm  of  the  cells  which  becomes  trans- 
formed into  the  dentinal  matrix,  all  except  the 
central  part,  which  remains  unaltered,  occupying 
the  tubule,  and  is  prolonged  by  another  cell  lying' 
deeper  in  the  pulp,  with  which  the  first  is  in 
connection,  and  so  on  in  succession.  Moreover, 
he  refers  the  anastomosis  of  neighbouring  tubules 
to  the  existence  of  communicating  branches 
between  adjacent  cells. 

The  collogenous  basis  of  the  dentinal 
matrix  is  at  first  uncalcified  (fig.  220,  b), 
hut  the  material  of  calcification  soon  begins 
to  be  deposited  in  nodules  or  globules, 
which  run  together  into  a uniform  hard 
substance  (a).  In  parts  where  this  coal- 
escence partially  fails  the  uncalcified  matter 
between  the  globules  shrinks  up  when  the 
tooth  has  become  dry,  so  as  to  leave  the 
interglobular  spaces  previously  described 
(p.  310).  The  globular  mode  of  deposition 
is  indicated  also  by  the  inner  surface  of 
the  growing  dentine,  which  is  nodulated 
(Czermak);  and,  indeed,  separate  nodules 
may  sometimes  be  seen  in  the  soft  tissue 
of  the  growing  matrix  (see  fig.  220). 

Purkinje  and  Rasclikow  described  a hue  pel- 
lucid homogeneous  membrane  (• membrana  pre- 
formativa ) covering  the  surf  ace  of  the  pulp  before 
the  commencement  of  calcification,  but  the  exist- 
ence of  such  a coating  is  at  best  doubtful,  and 
at  any  rate  whether  present  or  not,  it  appears 
to  be  of  no  significance  in  the  development  of 
the  teeth.  It  may  possibly  be  the  first  uncalcified 
deposit  of  dentinal  matrix. 

The  Enamel. — The  surface  cells  of  the 
enamel-germ  line  the  dental  sac  in  the 
form  of  a tesselated  or  cubical  epithelium 
(fig.  221,  e).  On  the  other  hand  the  cells 
which  lie  next  the  surface  of  the  pulp 
become  elongated  and  attenuated  into  a 
prismatic  shape,  precisely  like  a columnar 
epithelium  (d  fig.  221).  The  central  cells, 

Kg.  221.  A Tm  Enamel  Organ  a»  Dental  Sac  com  the  Too, 

A '-OILS  A,  I!,,,,,  (f,om  Miter).  250  Diaketem. 

a,  outer  dense  layer  of  the  dpnfni  > • 
capillary  blood-vessels  and  a somewhat  donC^ W°°fer  textuf  of  the  same  wi 
spongy  substance  : d,  inner  cells  • ami  )>  + SC1  nla?er  towar(ls  the  enamel  organ  ; 

VOL.  n.  ’ aDd  e’  outer  ceUu]ar  layer  of  the  enamel  organ. 


Y 
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those,  namely,  which  are  situated  between  these  two  layers,  undergo 
remarkable  changes.  Originally  spheroidal,  they  for  a time  merely  in- 
crease in  number,  but  eventually,  assuming  a stellate  form,  they  send  out 
branches  which  join  with  one  another  (fig.  22],  c),  whilst  a clear  jell v- 
like  matter  collects  in  their  interstices.  Next,  however,  to  the  tesse- 
latcd  layer  is  a stratum  of  epithelial  cells,  which  retain  their  original 
spheroidal  shape. 

Into  the  cavity  containing  the  enamel-germ  numerous  small  papillary 
processes  of  the  vascular  sac  and  adjacent  mucous  membrane  project, 
and  between  these,  on  the  other  hand,  epithelial  processes  extend  from 
the  enamel-germ  into  the  membrane.  The  enamel-germ  is  now  designated 
the  “enamel  organ,”  organon  adamantines  of  Purkinje,  who  named  the 
columnar  epithelium  on  the  surface  of  the  pulp  the  membrana 
adamantines,  or  enamel  membrane. 

The  enamel  prisms  appear  to  be  formed  by  the  columnar  cells 
of  the  enamel-organ,  either  by  direct  calcification  of  their  substance 
or  by  deposition.  It  is  true  that  in  sections  a space  is  commonly 
observed  between  the  cells  and  the  newly-formed  enamel,  but  this  is 
probably  produced  after  death  by  a shrinking  of  the  soft  parts.  The 
process  of  formation  commences  next  to  the  forming  dentine,  almost  as 
soon  indeed  as  the  latter  begins  to  be  produced.  The  enamel  substance 
is  at  first  soft  and  friable,  but  gets  hard  eventually.  The  enamel  organ 
extends  no  farther  than  the  crown  of  the  tooth,  to  which,  therefore,  the 
deposit  of  enamel  is  limited.  As  the  formation  of  enamel  becomes 
completed  the  rest  of  the  enamel  organ  dwindles  away  : the  superficial 
tesselated  layer  is  believed  to  become  the  “cuticula  dentis.” 

The  cement  begins  to  be  formed  simultaneously  with  or  soon  after 
the  dentine  of  the  fang  by  the  subperiosteal  tissue,  as  in  the  formation 
of  the  superficial  layers  of  a bone. 

Eruption  of  the  temporary  Teeth. — At  the  time  of  birth  the 
crowns  of  the  anterior  milk-teeth,  still  enclosed  in  their  sacs,  are 
completed  within  the  jaw,  and  their  fangs  begin  to  be  formed.  Their 
appearance  through  the  gums  follows  a regular  order,  but  the  period  at 
which  each  pair  of  teeth  is  cut  varies  Avithin  certain  limits.  The 
eruption  commences  at  the  age  of  seven  months,  and  is  completed 
about  the  end  of  the  second  year..  It  begins  with  the  central  incisors 
of  the  lower  jaw,  which  are  immediately  followed  by  those  of  the  upper 
jaw;  and,  as  a general  rule,  each  of  the  lower  range  of  teeth  rises 
through  the  gum  before  the  corresponding  tooth  of  the  upper  set.  The 
following  scheme  indicates,  in  months,  the  order  and  time  of  eruption 
of  the  milk-teeth  : — 


MOLARS. 

CANINES.  INCISORS. 

CANINES. 

MOLARS. 

24  12 

18 

0 7 7 9 

18 

12  24 

Before  the  teeth  protrade  through  the  gum,  this  underg-oes  some  peculiar 
changes  : its  edge  at  first  becomes  dense  and  sharp,  but,  as  the  tooth  approaches 
it,  the  sharp  edge  disappears,  the  gum  becomes  rounded  or  tumid,  and  is  of  a 
purplish  hue  ; the  summit  of  the  tooth  is  seen  like  a white  spot  or  line  through 
the  vascular  gum,  and  soon  afterwards  rises  through  it.  As  the  crown  of  the 
tooth  advances  to  its  ultimate  position,  the  elongated  fang  becomes  surrounded 
by  a bony  socket  or  alveolus.  Before  the  eruption,  the  mucous  membrane  is 
studded  with  a number  of  small  white  bodies,  which  were  described  by  Serres  as 


DEVELOPMENT  OF  THE  PERMANENT  TEETH.  :J21 

glands  (dental  glands),  and  were  supposed  by  him  to  secrete  the  tartar  of  the 
teeth  Meckel  thought  they  were  small  abscesses,  because  no  aperture  could  be 
detected  in  them.  In  a fcebL  of  six  months,  they  were  found  by  Sharpey  to  be 
small  round  pearl-like  bodies,  in  form  of  small  spherical  capsules  of  various  sizes, 
fflled  with  epithelium.  They  are  probably  the  prominences,  or  sprouts  of  the 
outer  epithelial  layer  of  the  enamel  organ,  already  referred  to. 

Development  of  the  permanent  Teeth.  The  picccding  description 
of  the  structure  of  the  dental  sacs  and  pulps  and  of  the  mode  of 
formation  of  the  several  parts  of  a tooth,  applies  to  the  permanent  as 
well  as  to  the  milk-teeth.  The  origin  and  progressive  development  01 
the  sacs  and  pulps  of  the  permanent  teeth  have  still  to  he  considered. 
Ten  permanent  teeth  in  each  jaw  succeed  the  milk-teeth,  and  six  are 
superadded  further  back  in  the  jaw.  It  will  be  convenient  to  treat 
first  of  the  ten  anterior  teeth  or  teeth  of  succession. 

The  sacs  and  pulps  of  these  teeth  have  their  foundations  laid  before 
birth,  behind  those  of  the  milk  set.  Reverting  to  the  follicular  stage 
of  the  temporary  teeth,  which  is  completed  about  the  fourteenth  week, 
it  will  be  remembered  that  behind  each  milk-follicle  there  is  formed  a 
small  recess  (fig.  214,  c ,fp),  which  is  filled  with  epithelium  derived  from 
the  common  enamel-germ,  and  this  forms  the  germ  of  the  corresponding 
permanent  tooth.  As  already  stated,  these  recesses  escape  the  general 
adhesion  of  the  sides  of  the  dental  groove,  so  that  when  the  latter 
closes  they  are  converted  into  so  many  cavities,  enclosing  epithelium, 
which  were  called  by  Good  sir,  “ cavities  of  reserve.”  They  are  ten  in 
number  in  each  jaw,  and  are  formed  successively  from  before  back- 
wards. These  cavities  soon  elongate  and  recede  into  the  substance  of 


Fig.  222. 


Fig.  222.  s==  the  Relations  of  the  Temporary  and  Permanent 
^ Teeth  (after  Blake,  with  some  additions). 

sections  of  the*  lower  iaw  BirnmU,  Vjiee  b§ures,  which  are  somewhat  enlarged,  represent 
the  sac  of  the  pemaSnttoottf  ft,  **»«**  tooth  : a,  indicates 

tooth  itself  ; a',  V,  indicate  the  pedlcle  \ b>  tllc  sac  of  the  milk  tooth  or  the  milk 
teeth  are  lodged,  and  c',  the  canal  hi  mvT!?  ? Th\ch  *he  Permanent  and  temporary 
the  bone  behind  the  alveolus  of  the  W UC1  ^at  t ie  ^ormer  leads  to  the  surface  of 
are  nearly  of  the  natural  size  show  o P°raiy  t0?t  V T.be  foiirth  and  fifth  figures,  which 
previous  to  the  change  of  teeth  in  V 16  Sfme  1'eIatl0°s  ia  a more  advanced  stage,  in  IV.. 
manent  tooth  begins  to  rise  in’ the  b W.  Jr9  “',lk"tootl1  1ms  fallen  out  and  the  per- 
place  of  the  permanent  tooth.  ^ W ’ c>  ^ 16  orifice  of  the  bony  canal  leading  to  the 
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the  guru  behind  the  germs  of  the  milk  teeth,  above  and  behind  in  the 
upper  jaw,  below  and  behind  in  the  lower.  In  the  meantime,  a papilla 
appears  in  the  bottom  of  each,  (that  for  the  central  incisor  appearing 
first,  at  about  the  sixth  month,)  and  they  become  closed  in  above  in 
a similar  manner  to  the  germs  of  the  temporary  teeth  as  already 
described.  When  these  changes  have  taken  place,  the  sac  of  the  per- 
manent tooth  adheres  to  the  back  of  that  for  the  temporary  tooth. 
Both  of  them  then  continue  to  grow  rapidly,  and  after  a time  it  is 
found  that  the  bony  socket  not  only  forms  a cell  for  the  reception  of 
the  milk-sac,  but  also  a small  posterior  recess  or  niche  for  the  permanent- 
tooth-sac,  with  which  the  recess  keeps  pace  in  its  growth.  In  the  lower 
jaw,  to  which  our  description  may  now,  for  convenience,  be  confined, 
it  is  found  that  at  length  the  permanent  sac  so  far  recedes  in  the  bone 
as  to  be  lodged  in  a special  osseous  chamber  at  some  distance  below  and 
behind  the  milk-tooth,  the  two  being  completely  separated  from  each 
other  by  a bony  partition.  In  descending  in  the  jaw,  the  sac  for  the 
permanent  tooth  acquires  at  first  a pear-shape,  and  is  then  connected 
with  the  gum  by  a solid  pedicle  (fig.  222,  I.,  II.,  c ).  The  recess  in  the 
jaw  (a')  has  a similar  form,  drawn  out  into  a long  canal  for  the  pedicle 
which  opens  on  the  edge  of  the  jaw,  by  an  aperture  behind  the  corre- 
sponding milk-tooth.  The  permanent  tooth  is  thus  separated  from  the 
socket  of  the  milk-tooth  by  a bony  partition,  against  which,  as  well  as 
against  the  root  of  the  milk-tooth  just  above  it,  it  presses  in  its  rise 
through  the  gum,  so  that  these  parts  are  in  a greater  or  less  extent 
absorbed.  When  this  has  proceeded  far  enough,  the  milk-tooth  be- 
comes loosened,  falls  out  or  is  removed,  and  the  permanent  tooth 
takes  its  place.  The  absorption  of  the  dental  substance  commences  at 
or  near  the  ends  of  the  fangs,  and  proceeds  upwards  until  nothing  but 
the  crown  remains.  The  cement  is  first  attacked,  and  then  the  dentines 
but  the  process  is  similar  in  the  two  tissues.  The  change  is  not  pro- 
duced merely  by  pressure,  but,  as  in  the  case  of  the  absorption  of  bone,, 
through  the  agency  of  multi-nucleated  absorbing  cells  or  ostoclasts, 
developed  at  the  time,  and  applied  to  the  surface  of  the  tooth. 


Fig.  223. — Part  of  the  Lower  Jaw  of  a Child  of  Three  or  Four  Years  Old, 

SHOWING  THE  RELATIONS  OF  THE  TEMPORARY  AND  PERMANENT  TEETH. 

The  specimen  contains  all  the  milk-teeth  of  the  right  side,  together  with  the  incisors  of 
the  left ; the  inner  plate  of  the  jaw  has  been  removed,  so  as  to  expose  the  sacs  of  all  the 
permanent  teeth  of  the  right  side,  except  the  eighth  or  wisdom  tooth,  which  is  not  yet 
formed.  The  large  sac  near  the  ramus  of  the  jaw  is  that  of  the  first  permanent  molar, 
.and  above  and  behind  it  is  the  commencing  rudiment  of  the  second  molar. 
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The  six  posterior  (or  “ superadded  ”)  permanent  teeth,  that  is,  the 
three  permanent  molars  on  each  side,  do  not  come  in  the  place  of  other 
teeth.  They  arise  from  successive  extensions  of  the  dental  groove  and 
enamel-germ  carried  backwards  in  the  jaw,  posterior  to  the  milk-teeth, 
and  named  by  Goodsir  “ posterior  cavities  of  reserve.  ’ 

During  the  general  adhesion  of  the  dental  groove  occurring  at  the 
fifteenth  week,  the  part  posterior  to  the  last  temporary  molar  follicle 
continues  unobliterated,  and  thus  forms  a cavity  filled  by  an  enamel- 
germ,  in  the  fundus  of  which  a papilla  ultimately  appears,  and  forms 
the  rudiment  of  the  first  permanent  molar  tooth  ; this  takes  place  very 
early,  viz.,  at  the  sixteenth  week.  The  deepest  part  of  this  cavity  is 
next  converted  by  adhesion  into  a sac,  which  encloses  the  papilla, 
whilst  its  upper  portion  with  its  contained  epithelium,  elongates  back- 
wards so  as  to  form  another  cavity  of  reserve,  in  which,  at  the  seventh 
month  after  birth,  the  papilla  for  the  second  molar  tooth  appears.  After 
a long  interval,  during  which  the  sac  of  the  first  permanent  molar  and 
its  contained  tooth  have  acquired  great  size,  and  that  of  the  second 
molar  has  also  advanced  considerably  in  development,  the  same  changes 
once  more  occur  and  give  rise  to  the  sac  and  papilla  of  the  wisdom- 
tooth,  the  rudiments  of  which  are  visible  at  the  sixth  year.  The  sub- 
sequent development  of  the  permanent  molar  teeth  takes  place  from 
these  sacs  just  like  that  of  the  other  teeth. 

Calcification  begins  first  in  the  anterior  permanent  molar  teeth.  Its 
order  and  periods  may  be  thus  stated  for  the  upper  jaw,  the  lower  being 
a little  earlier : First  molar,  five  or  six  months  after  birth  ; central 
incisor,  a little  later  ; lateral  incisor  and  canine,  eight  or  nine  months  ; 
two  bicuspids,  two  years  or  more  ; second  molar,  five  or  six  years ; 
third  molar,  or  wisdom-tooth,  about  twelve  years. 

Eruption  of  the  permanent  teeth. — The  time  at  which  this  occurs 
m regard  to  each  pair  of  teeth  in  the  lower  jaw  is  exhibited  in  the  sub- 
joined table.  The  corresponding  teeth  of  the  upper  jaw  appear  some- 
what later. 


Molar,  first  . 

Incisors,  central 
„ lateral  . 
Bicuspids,  anterior  . 

„ posterior 
Canines 

Molans,  second  . 

„ third  (or  wisdom) 


fi  years. 
7 .. 


8 
9 

10 

11  to  12 

12  to  13 
17  to  25 


the1  sixtWo^H1’0^!6  slleddjnS  of  the  temporary  incisors—*.*.,  about 
At  tlntJrSd  ^ there  18  greatest  number  of  teeth  in  the  jaws. 

except  the  wisdom6 1'6  fv,C  the  milk-teeth,  and  all  the  permanent  set 
1 e wisdom-teeth,  making  forty-eight  (see  fig.  224.) 

undergoes  cllan^eTi^Lin  * “creases  in  dePth  and  length,  and 

deeper  in  the  adult.  In  the'  ™ t e ,c?ldd  ls  shallow,  but  it  becomes  much 
segment  of  a circle  ■ w un^  sa  r,lect  the  alveolar  arch  describes  almost  the 
which  takes  place  in  the  Rnrth'of^  T™  ? semi-elliPtical.  The  increase 
tion  of  the  milk-teeth  so  as  tn  Jaw  arises  from  a growth  behind  the  posi- 

•each  side  belonging  to  the  6 *00ra  for  the  three  additional  teeth  on 

the  jaws  there  is  not  sufficient  room  ^ C‘frtain  periods  in  the  growth  of 

the  permanent  molars  ; and  hence  the  Sj  alveolar  arc,h  for  the  growing  sacs  of 

the  latter  are  found  at  certain  stages  of  their 
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development  to  be  enclosed  in  the  base  of  the  coronoid  process  of  the  lower  jaw, 
and  in  the  maxillary  tuberosity  in  the  upper  jaw,  but  they  afterwards  succes- 
sively assume  their  ultimate  position  as  the  bone  increases  in  length.  The  space 


Fig.  224. 


Fig.  224. — The  Teeth  op  a Child  op  Six  Years,  with  the  Calcified  Parts  op  the 
Permanekt  Teeth  exposed  (Allen  Thomson,  after  Henle). 

The  whole  of  the  teeth  of  the  right  side  are  shown,  together  with  the  three  front  teeth 
of  the  left  side  : in  the  upper  and  lower  jaws  the  teeth  are  indicated  as  follows,  viz.  : — 
1,  milk-teeth—  i,  inner  or  first  incisor  ; i',  outer  or  second  incisor  ; c,  canine  ; m,  first 
molar ; m',  second  molar.  2,  permanent  teeth — I,  inner  or  first  incisor ; I',  outer  or 
second  incisor  ; C,  canine  ; 11,  first  bicuspid  ; B',  second  bicuspid  ; M1,  the  first  molar, 
which  has  passed  through  the  gums  ; M2,  the  second  molar,  which  has  not  yet  risen  above 
the  gums  : the  third  molar  is  not  yet  formed. 

taken  up  by  the  ten  anterior  permanent  teeth  very  nearly  corresponds  with  that 
which  had  been  occupied  by  the  ten  milk-teeth  ; the  difference  in  width  between 
the  incisors  of  the  two  sets  being  compensated  for  by  the  smallness  of  the  bicus- 
pids in  comparison  with  the  milk-molars  to  which  they  succeed.  Lastly,  the 
angle  formed  by  the  ramus  and  body  of  the  lower  jaw  differs  at  different  ages  : 
thus  it  is  obtuse  in  the  infant,  approaches  nearer  to  a right  angle  in  the  adult, 
and  again  becomes  somewhat  obtuse  in  old  age. 

SECONDARY  DENTINE. 

Under  this  head  are  included  certain  varieties  of  hard  tissue  liable  to  be  formed 
in  the  pulp-cavity  of  a tooth  after  the  regular  production  of  the  dentine  is  com- 
pleted. These,  as  hitherto  noticed  and  described,  are  the  following*  : — 

1.  Osteodentine  (Owen). — This  is  a hard  substance  which  becomes  deposited 

* Salter,  Guy’s  Hospital  Reports  ; and  Dental  Pathology  and  Surgery. 


the  tongue. 
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on  the  inner  surface  of  the  dentine,  so  that  the  central  cavity  of  a tooth  becomes 
gradually  diminished  in  size,  whilst  the  pulp  slowly  shrinks  or  disappears.  This 
additional  substance,  formerly  regarded  as  an  extern 
sion  of  tlie  cement  into  the  interior  of  the  oo  , 
has  been  shown  to  have  a distinct  structure,  m pa 
resembling  dentine,  and  in  part  bone.  It  is  traversed 
by  canals,  which  contain  blood-vessels,  and  are  sur- 
rounded by  concentric  lamellae  like  the  Haversian 
canals  of  bone.  From  these  canals,  numerous  tubules 
radiate,  larger  than  the  canaliculi  of  bone,  resem- 
bling-, in  this  respect,  and  also  in  their  mode  of  lami- 
fication,  the  tubes  of  the  dentine.  This  new  growth 
may  indeed  be  compared  to  a collection  of  miniature 
pulps,  each  surrounded  by  its  appertaining  dentine, 
pierced  by  radiating  tubules.  It  may  or  may  not 
coalesce  with  the  previously  formed  dentine ; it  appeals 
to  be  produced  by  a slow  conversion  of  the  dental  pulp. 

2.  Dentine  of  Repair  (Salter).— Wheif  the  outer 
surface  of  the  dentine  becomes  denuded  at  any  place, 
so  that  the  peripheral  ends  of  the  tubules  are  there 
exposed,  as  may  happen  in  the  crown  from  injury  or 
wear  of  the  enamel,  or  at  the  cervix  from  continued 
friction  and  abrasion  of  the  cement,  a deposition 
of  dental  matter  occurs  on  the  inner  surface  of  the 
dentine  exactly  corresponding  in  position  and  extent 
with  the  area  occupied  by  the  central  ends  of  the 
exposed  tubules.  Many  of  the  affected  tubules  become 
subsequently  filled  up  by  a deposit  of  hard  matter 
within  them,  so  that  on  section  both  the  secondary 
dentine  and  the  corresponding  part  of  the  primary 
dentine  appear  clearer  and  more  transparent  than 
the  remainder  of  the  dentinal  substance  (see  fig.  225). 

When  the  surface-injury  has  been  considerable,  the 
dentine  of  repair  is  largely  in  excess,  and  may -in  such 
cases  completely  fill  up  the  pulp-cavity. 
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Fig.  225. — Longitudinal 
Section  of  Incisor 
Tooth  showing  den- 
tine OF  REPAIR. 
Slightly  Magnified. 
(Reduced  from  Salter. ) 

cl,  cl’,  denuded  surfaces 
of  dentine  ; r,  r',  corre- 
sponding deposits  of  se- 
condary dentine.  Two 
or  three  incremental  lines 
are  observed  in  the  den- 
tine. 


The  tongue-  is  a muscular  organ  covered  with 
mucous  membrane.  By  its  muscular  structure 
it  takes  part  in  the  processes  of  mastication  and 
deglutition,  and  in  the  articulation  of  speech, 
while  its  mucous  membrane  is  endowed  with 
common  and  tactile  sensibility  and  is  the  seat  of 
the  sense  of  taste.  The  tongue  occupies  the  concavity  of  the  arch  of 
posteriorly  it  is  connected  with  the  hyoid  bone,  and  the 
in  fori  nr  I . u upper  surface  forms  the  floor  of  the  arch  of  the  fauces  ; 

mimolo  r,(fcives.  fr?111  base  to  apex  the  fibres  of  the  genio-glossus 
lower lot  d throuS'h  the  medium  of  that  muscle  is  attached  to  the 


jaw. 


mimous^mpTubw  ^E.MERANE-  On  the  under  surface  of  the  tongue  the 
cous  membiane  is  smooth  and  thin.  It  forms  a fold  in  the  middle 

the6 g^ichelossfmu^M  Pla.ce<1  “ front  of  the  anterior  border  of 

passes  from  the  tnnm  eSf  u U eaci  s^e  below,  as  the  mucous  membrane 

Sums,  it  is  reflected 

from  the  frmnum  fbo  r • • far  frora  the  line  continued  forwards 

mucous  membrane,  and  close  tort  distincfcl-y  seen  through  the 

ose  to  it  lies  the  ranine  artery.  Further  out 
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is  an  elevated  line  with  a fimbriated  margin  directed  outwards,  which 
extends  to  the  tip.  The  ducts  of  the  right  and  left  submaxillary’glands 
end  by  papillary  orifices  placed  close  together,  one  on  each  side  of  the 
frsenmn  ; and  further  back,  between  the  sides  of  the  tongue  and  the 


Fig.  226. 


Fig.  226. — Papillae  Surface  of  the  Tongue,  with  toe  Fauces  and  Tonsils  (from 

Sappey). 

1,  2,  circum vallate  papillae  ; in  front  of  2,  the  foramen  cascum  ; 3,  fungiform  papillae  ; 
4,  filiform  and  conical  papillae  ; 5,  transverse  and  oblique  ranges  ; 6,  mucous  glands  at 
the  base  of  the  tongue  and  in  tbe  fauces  ; 7,  tonsils  ; 8,  part  of  the  epiglottis  ; 9,  median 
glosso-epiglottidean  fold  or  fraenum  epiglottidis. 


lower  jaw,  are  found  the  orifices  of  the  several  ducts  belonging  to  the 
sublingual  glands.  _ . . 

The  upper  surface  or  dorsum  of  the  tongue  (fig.  226),  is  convex  in  its 
general  outline,  and  is  marked  along  the  middle  for  nearly  its  whole 
length  by  a slight  furrow  called  the  raphe,  which  indicates  its  bilateral 
symmetry.  About  half  an  inch  from  the  base  of  the  tongue,  the  raphe 
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often  terminates  in  a depression,  closed  at  the  bottom,  which  is  called 
the  foremen  caxum  (Morgagni),  and in wvhich ‘ 

Three  folds,  named  the  glosso-epiglottic  folds  or  fraenula,  of  which  the 
middle  one  is  the  largest  (framum  epiglottidis),  pass  backwards  from 
the  base  of  the  tongue  to  the  epiglottis.  The  upper  surface  of  the 
tongue  in  front  of  the  foramen  csecum  (the  anterior  two-thirds)  is  covered 
with  small  eminences  named  papilla.  They  are  found  also  upon  the 
tip  and  borders,  where,  however,  they  gradually  become  smaller,  and 
towards  its  under  surface  they  disappear.  These  papilke  aie  dis- 
tinguished into  three  orders,  tiramwllati,  fungiform  and  filiform,  vary- 
ing^ both  in  size  and  form,  but  all  of  them  visible  to  the  naked  eye  ; they 
themselves,  like  the  rest  of  the  mucous  membrane  of  the  tongue  and 
mouth  generally  are  covered,  with  closely  set,  micioscopic  secondary 
papillai  hidden  under  the  epithelium,  which  correspond  with  those  of  the 
skin  and  are  each  occupied  by  a long  loop  of  capillary  blood-i  esscls. 

The  large  circumvallate  papillae  (fig.  22G,  1,  2),  from  seven  to  twelve 
in  number,  are  found  on  the  back  part  of  the  tongue,  arianged  in 


two  rows,  which  run  obliquely 
backwards  and  inwards,  and 
meet  towards  the  foramen  cm- 

cum,  like  the  arms  of  the  letter  V.  They  are  situated  in  cup-like 
depressions  of  the  mucous  membrane,  and  have  the  shape  of  a trun- 

. cated  cone,  of  which  the 

ng'  *4"  ‘ smaller  end  is  attached 

to  the  bottom  of  the 
cavity,  and  the  broad  flat- 
tened base  appears  on  the 
surface  (fig.  227).  They 
are  therefore  surrounded 
by  a circular  trench  (fos- 
sa), around  which  again 
is  an  annular  elevation  of 
the  mucous  membrane 
(vallum),  and  in  some  of 
them  there  is  found  a cen- 
tral depression,  into  which 
the  ducts  of  one  or  more 
glands  open.  The  epithe- 
, n . • ,,  . , . . lium  covering  the  papillae 

a a ^ llc.v  stratified,  as  elsewhere  in  the  mouth,  and  completely 
concea  s le minu  e secondary  papillae.  Forming  a zone  around  the  sides 
of  the  papilla  are  found,  imbedded  in  this  thick  epithelium,  peculiar 


Fig.  228.  Two  Taste-buds  from  the  Papilla 
0F  THE  Rabbit-  450  Diameters  (Engel- 


Fig.  227. — Vertical  Section  op  Cir- 
cumvallate Papilla  from  the 
Calf  (Eugelmaim).  25  Diameters. 

A,  tlie  papilla;  P>,  the  surrounding 
wall.  The  figure  shows  the  nerves  of 
the  papilla  spreading  towards  the  sur- 
face, and  towards  the  taste-buds  which 
are  imbedded  in  the  epithelium  at  the 
sides  ; in  the  sulcus  on  the  left  the  duct 
of  a gland  is  seen  to  open. 


Fig.  227. 
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( v51?a!.or  yas^‘shaped  bodies,  composed  of  modified  epithelium  cells 
and  believed  to  be  special  organs  of  taste.  These  tcisle-buds,  as  they  have 
, u tejmed,  are  comparable  in  form  and  structure  to  the  leaf-buds  of  a 
plant  (fig.. 228)..  By  their  bases  they  are  in  contact  with  the  corium 
wmic  their  apices,  which  appear  as  round  openings  or  pores  when 
viewed  from  the  surface,  emerge  between  the  ordinary  epithelium  cells, 
i lie  latter  are  flattened  around  the  taste-buds,  enclosing  them  iu  a sort 
or  nest.  The  taste-buds  themselves  may  be  described  as  consisting 
of  a cortical  and  a central  part.  The  cells  composing  the  cortical  part 
are  long  and  flattened  with  tapering  ends  (fig.  229  c),  and  are  in  contact 
by  their  edges,  extending  from  base  to  apex  of  the  organ  (fig.  228)  ; 
they  arc  disposed  in  more  than  one  layer,  and  enclose  the  central  part 
like  the  external  scales  of  a leaf-bud.  The  enclosed  or  central  cells 
(fig.  229  a),  on  the  other  hand  are  not  flattened  but  spindle-shaped. 


Fig.  229. 


fig.  229.  Various  Cells  from  Taste-bud  op  Rabbit.  600  Diameters  (Engelmann). 

a,  Four  cells  from  central  part  ; b,  two  cortical  cells,  and  one  central  cell,  in  con- 
nection ; c,  three  cells  from  cortical  part. 


having. an  enlargement  near  the  middle  where  the  nucleus  is  situated, 
and  being  prolonged  at  each  end  by  a process,  one  of  which  extends 
upwards  towards  the  apex  of  the  taste-bud,  and  is  surmounted  by 
an  excessively  fine  styliform  extremity  which  projects  at  the  orifice, 
whilst  the  other,  which  is  commonly  more  slender  and  sometimes  divided 
or  branched  at  its  extremity,  passes  down  into  the  corium  of  the 
mucous  membrane,  and  is  described  as  being  connected  with  a plexus  of 
fine  nervous  fibrils  found  in  this  situation.  The  similarity  of  these 
central  or  gustatory  cells  with  the  well-known  olfactory  cells  of  Max 
Schultze  will  be  at  once  apparent. 

The  taste-buds  were  discovered  by  Lovcn  and  Schwalbe,  independently  of  each 
other.*  They  have  now  been  found  on  the  sides  (but  never  on  the  upper  sin-face) 
of  the  papilla  vallate  of  a'great  number  of  animals,  and  are  seen  also  on  some 
of  the  fungiform  papillai  to  be  immediately  described.  Then  structure  is  most 
readily  studied  in  the  rabbit  and  hare,  for  in  these  animals  there  is  foimd  at  each 
side  of  the  base  of  the  tongue  an  oval  laminated  structure,  the  so-called  papilla, 
foliata.,  the  laminae  composing  which  contain  in  the  epithelium  of  then  opposed 
surfaces  great  numbers  of  those  bodies.  A small  area,  situate  just  in  front  of  the 
anterior  pillar  of  the  fauces,  of  variable  appearance,  but  usually  with  five  longi- 

* Loven,  Schwalbe,  Arch.  f.  mikr.  Anat.  1867,  and  Arch.  f.  mikr.  Anat.  1868  ; 
Engelmann,  in  Strieker’s  Handbook  ; Krause,  Gottinger  Naclnickten,  1870.  According 
to  Krause  the  distribution  of  the  taste-buds  follows  that  of  the  glosso-pharyngeal  nerve. 
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tudinal  folds,  which  are  studded  with  taste-buds,  exists  in  the  human  tongue, 
and  is  regarded  as  representing  a papilla  foliata. 

According  to  Engelmann,  each  taste-bud  is  composed  of  from  15  to  30  cells. 
The  taste  organs  of  the  Amphibia  have  been  longer  recognised.  They  occur-  m 
the  form,  not  of  buds  but  of  patches  interspersed  here  and  there  amongst  the 
ordinary  ciliated  and  columnar  epithelium  which  covers  the  upper  surface  and  sides 

of  the  tongue.*  , , . , . 

Flask-shaped  bodies,  resembling  the  taste-buds  m structure,  were  long  since 

described  by  Leydig  as  occurring  in  fish.  ;They  are  found  both  in  the  skin  and  in 
the  mucous  membrane  of  the  mouth,  and  are  believed  to  be  gustatory  organs. 


The  fungiform  papillae,  more 
numerous  than  the  last,  are  small 
rounded  eminences  scattered  over  the 
middle  and  fore  part  of  the  dorsum  ol 
the  tongue  (fig.  226,  3)  ; hut  they  are 
found  in  greater  numbers  and  closer 
together  at  the  apex  and  near  the 
borders.  They  are  easily  distinguished 
in  the  living  tongue  owing  to  their 
deep  red  colour.  They  are  narrow  at 
their  point  of  attachment,  but  are 
gradually  enlarged  towards  their  free 
extremities,  which  are  blunt  and 
rounded  (fig.  230). 

The  conical  and  filiform  papillae 
are  the  most  numerous  of  all,  as  well 
as  the  smallest.  They  are  minute, 
conical,  tapering,  or  cylindrical  emi- 
nences, which  are  densely  set  over 
the  greater  part  of  the  dorsum  of  the 
tongue  (fig.  226,  4),  but  towards  the 
base  gradually  disappear.  They  are 
arranged  in  lines  diverging  from  the 
raphe,  at  first  in  an  oblique  direc- 
tion like  the  two  ranges  of  the  pa- 
pillae vallatae,  but  gradually  becoming 
transverse  towards  the  tip  of  the 
tongue.  At  the  sides  they  are  longer 
and  more  slender,  and  arranged  in  pa- 
rallel rows,  perpendicular  to  the  border 
of  the  tongue. 

.The  secondary  papillae,  borne  by  the 
filiform,  are  peculiar  both  in  contain- 
ing a number  of  elastic  fibres,  giving 
them  greater  firmness,  and  in  the 
character  of  their  epithelial  covering, 
which  is  dense  and  imbricated,  and 

n n I * 


Fig.  230. 


e- 


Fig.  230. — Surface  and  Seotionai. 
view  of  a Fungiform  Papilla 
(from  Kollikcr  after  Todd  and 
Bowman). 

A,  the  surface  of  a fungiform 
papilla  partially  denuded  of  its  epi- 
thelium (35  diameters)  ; p,  secon- 
dary papillae  ; e,  epithelium. 

B,  section  of  a fungiform  papilla 
with  the  blood-vessels  injected,  a, 
arteiy  ; v,  vein ; c,  capillary  loops 
of  simple  papilbe  in  the  neighbour- 
hood, covered  by  the  epithelium  ; d, 
capillary  loops  of  the  secondary  pa- 
pillse  ; e,  epithelium. 


foirns  a separate  process  over  each,  greater  in  length  than  the  papilla 
winch  it  covers  (fig.  231,  e,  /).  Over  some  of  the  filiform  papillas 

these  nrOP.P.RKAn  fm*m  o ni  . . . 1 1 


il  „ ' ' > J / • ^ ’ GJt  VJI  UUC 

these  processes  term  a pencil  of  fine  fibres,  approachin 
in  appearance  to  hairs. 


in  some  cases 


* Billroth  in  Archiv  f.  Anat. 
Axel  Key,  in  the  same  for  1861 


u-  Fhys.  1S58 : Hoyer  in  the  same  journal  for  1859  : 
Engelmann  in  Zeitsch.  f.  Wiss.  Zool.  1S67. 


330 


THE  TONGUE. 


Fig.  231. 


The  papillae,  besides  being  the  parts  chiefly  concerned  in  the  special 
sense  ot  taste,  also  possess,  in  a very  acute  degree,  tactile  sensibility ; 

and  the  filiform  papilke,  armed 
with  their  denser1  epithelial 
covering,  serve  a mechanical 
use,  in  the  action  of  the  tongue 
upon  the  food,  as  is  well  illus- 
trated by  the  more  developed 
form  which  these  papillae 
attain,  in  many  carnivorous 
animals.  The  papillary  sur- 
face of  the  tongue  is  supplied 
abundantly  with  nerves.  In 
the  papillae  fungiformes  the 
nerves  are  large  and  nu- 
merous, and  form  a plexus 
with  brush-like  branches ; but 
they  are  still  more  abundant, 
and  of  greater  size,  in  the 
papillae  circumvallatae,  where 
they  are  chiefly  distributed  in  • 
the  neighbourhood  of  the  taste- 
buds  (fig.  227). 

Glands. — The  mucous  mem- 
brane of  the  tongue  is  pro- 
vided with  numerous  small 
racemose  glands  called  lingual 
glands,  collected  principally 
about  the  posterior  part  of  its 
upper  surface,  near  the  pa- 
pillee  vallatae  and  foramen 
cajcum,  into  which  last  the 
ducts  of  several  open.  These 
glands  have  commonly  been 
supposed  to  secrete  mucus, 
but  it  has  been  recently  as- 
certained that  some  of  them, 
those,  namely,  which  open  in 
the  trenches  around  the  pa- 
pillse  vallataj,  and  at  other 
parts  where  taste-buds  occur 


Fig.  231. — Two  Filiform  Papillje,  one  with 
Epithelium,  the  other  without.  35  Dia- 
meters. (From  Kolliker,  after  Todd  and 
Bowman). 

' p,  tlie  substance  of  the  papilbe  divided  at 
tbeir  upper  extremities  into  secondary  papilbe  ; 

«,  artery,  and  v,  vein,  connected  by  capillary 
loops ; e,  epithelial  covering,  laminated  be- 
tween the  papillae,  but  extended  into  hair-like 
processes,  f,  from  the  extremities  of  the 
secondary  papilbe. 

yield  a more  watery  secretion 
(Ebner).  Other  small  glands  are  found  also  beneath  the  mucous  mem- 
brane of  the  borders  of  the  tongue.  There  is,  in  particular,  a group 
on  the  under  "surface  of  the  tongue  on  each  side  near  the  apex.  They 
are  there  aggregated  into  a small  oblong  mass,  out  of  which  several 
ducts  proceed  and  open  in  a line  on  the  mucous  membrane. 

The  mucous  membrane  of  the  tongue,  at  least  its  posterior  part,  is 
largely  composed  of  retiform  or  lymphoid  tissue,  which  is  collected  at 
numerous  points  into  the  denser  nodular  masses  known  as  follicular 
glands,  or  lymphoid  follicles.  The  blood-vessels  and  lymphatics  of  this 
part  of  the  membrane  are  numerous  and  large,  but  the  papillae  on  its  sur- 
face are  comparatively  small,  and  are  completely  concealed  by  the  thick 
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Fig.  232. — Section  op  a Lymphoid  Crypt  prom 
the  Root  of  the  Tongue.  30  Diameters. 
(Kolliker). 

a,  epithelial  lining  ; b,  papilla)  of  the  mucous 
membrane ; c,  outer  part  of  the  crypt,  formed 
of  connective  tissue  ; cl,  outlet,  and  e,  cavity  of  the 
crypt  ; g,  surrounding  follicles. 


superjacent  epithelium.  Here  and  there  the  mucous  membrane  exhibits 
recesses  or  crypts  (fig.  232), 

either  simple  or  surrounded  Fig.  232. 

by  smaller  ones  which  open 
into  them.  The  walls  of 
these  recesses  are  generally 
studded  with  lymphoid  no- 
dules ; and  they  receive 
many  of  the  ducts  of  the 
mucous  glands. 

B.  — Muscular  Sub- 
stance.— The  substance  of 
the  tongue  is  chiefly  com- 
posed of  muscular  fibres 
running  in  different  but  de- 
terminate directions.  Many 
belong  to  muscles  which 
enter  at  its  base  and  under 
surface,  and  attach  it  to 
other  parts : these  are  called 
the  extrinsic  muscles  of  the 
tongue,  and  are  elsewhere 
described.  Others  which 
constitute  the  intrinsic  or  proper  muscles,  and  are  placed  entirely  within 
the  substance  of  the  organ,  will  be  here  more  particularly  noticed. 
They  are  as  follows  : — 

The  lingualis  superficialis  (noto-glossus,  Zaglas),  consisting  mainly 
of  longitudinal  fibres,  is  placed  on  the  upper  surface  of  the  tongue, 
immediately  beneath  the  mucous  membrane,  and  is  traceable  from  the 
apex  of  the  organ  backwards  to  the  hyoid  bone  (figs.  233,  234,  l s). 
The  individual  fibres  do  not  run  the  whole  of  this  distance,  but  are 
attached  at  intervals  to  the  sub-mucous  and  glandular  tissues.  The 
entire  layer  becomes  thinner  towards  the  base  of  the  tongue,  near 
which  it  is  overlapped  at  the  sides  by  a thin  plane  of  oblique  or  nearly 
transverse  fibres  derived  from  the  palato-glossus  and  hyo-glossus  muscles. 
According  to  Zaglas,  the  fibres  of  this  muscle  are  directed  forwards 
and  outwards. 

The  lingualis  inferior  (lingualis  muscle  of  Douglas,  Albinus,  and 
otneis)  consists  of  a rounded  muscular  band,  extending  along  the  under 
suiiace  of  the  tongue  from  base  to  apex,  and  lying  outside  the  genio- 
yo-giossus  between  that  muscle  and  the  hyo-glossus  (fig.  234,  li).  Pos- 
Jirf!  ^s.  fibres  are  lost  in  the  substance  of  the  tongue,  and 

illG  bone’  In  front>  having  first  been  joined,  at  the 
£ ^der  f tlle,  hyo-glossus  muscle,  by  fibres  from  the  stylo- 
point  * Prolonged  beneath  the  border  of  the  tongue  as  far  as  its 

the  tongue  (figs.  233,  234,  tr) 


Tv.  v 1 ’ J aooiuu  uue  uuisum  ctuu.  u 

n proceeding  outwards,  they  separate,  and  the 


superior 
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fibres  incline  upwards,  forming  a series  of  curves  with  the  concavity 
turned  upwards.  The  fibres  of  the  palato-glossus  muscle  are  found  bv 

’ Pig.  233. 


Fig.  233.— Longitudinal  Vertical  Section  of  the  Tongue,  Lip,  &c.  (from  Kolliker 

and  Arnold). 

m,  symphysis  of  the  lower  jaw  ; cl,  incisor  tooth  ; li,  hyoid  hone ; g ft,  genio-hyoid 
muscle  ; <j,  genio-hyo-glossus  spreading  along  the  whole  of  the  tongue ; t r,  transverse 
muscle  ; l s,  superior  longitudinal  muscle  ; g l,  lingual  glands  ; f,  lymphoid  crypts  ; 
e,  epiglottis  ; /,  section  of  the  lip  and  labial  glands  ; o,  cut  fibres  of  the  orbicularis  oris  ; 
l to,  levator  menti. 

Zaglas  and  Henle  to  be  continuous  with  fibres  of  the  transverse  set. 

Vertical  fibres  (musculus  perpendicularis  externus  of  Zaglas),  de- 
cussating with  the  transverse  fibres  and  the  insertions  of  the  genio- 
glossus  (fig.  234,  li),  form  a set  of  curves  in  each  half  of  the  tongue 

Fig.  234.  — Transverse 
Vertical  Section  of  the 
Tongue  in  front  of  the 
Papillje  Vallat.e,  seen 
from  before  (from  Kol- 
liker). 

g,  the  genio-hyo-glossi 
muscles  ; g',  the  vertical 
fibres  of  the  right  side  traced 
upwards  to  the  surface  ; li, 
inferior  longitudinal  muscle 
with  the  divided  ranine  ar- 
tery ; t r,  transverse  muscle, 
entire  on  one  side,  but  par- 
tially removed  on  the  other, 
where  the  other  muscles  pass 
through  it ; c,  septum  lin- 
gual ; ft,  liyo-glossus  ; hgl, 
its  fibres  spreading  upwards 
almost  vertically  outside  the 
genio-hyo-glossus  ; li , vertical  fibres  reaching  the  surface  ; l s,  divided  plates  of  the  fibres 
of  the  superior  longitudinal  muscle  between  the  vertical  fibres  ; s t,  g l,  stylo-glossus ; 
d,  glands  near  the  border  of  the  tongue. 


Fig.  234. 
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with  their  concavity  outwards,  and  extending  down  and  out  from  the 
dorsum  to  the  under  surface  of  the  border,  so  that  those  which  are 
outermost  are  shortest.  (Zaglas,  “ On  the  Muscular  Structure  of  the 
Tongue,”  in  G-oodsir’s  Annals,  I.  p.  1.) 

Examined  in  transverse  sections,  the  muscular  fibres  are  seen  to 
be  arranged  so  as  to  render  the  substance  divisible  into  an  outer 
part  or  cortex  and  an  internal  or  central  part.  The  fibres  of  the  cortex 
are  principally  longitudinal,  derived  superiorly  from  the  lingualis  supe- 
rior, further  outwards  from  the  hyo-glossus,  on  the  side  from  the  stylo- 
glossus, and  beneath  this  from  the  lingualis  inferior.  They  ensheath 
the  medullary  part  on  all  sides  except  inferiorly,  where  the  genio-glossi 
muscles  enter  it  between  the  inferior  linguales.  In  the  medullary  part 
are  found,  imbedded  in  fat,  the  decussating  fibres  of  the  transverse 
muscle  passing  across,  the  genio-glossi  radiating  upwards  and  outwards, 
and  the  vertical  muscles  arching  downwards  and  outwards.  In  addition 
to  the  movements  which  may  be  given  to  the  tongue  by  the  extrinsic 
muscles,  this  organ  is  capable  of  being  curved  upwards,  downwards,  or 
laterally  by  its  cortical  fibres,  it  is  flattened  by  the  vertical  fibres,  and 
its  margins  are  again  drawn  together  by  the  transverse  : whilst  the 
two  last  mentioned,  acting  together,  would  tend  to  lengthen  the  organ. 

The  septum  of  the  tongue  is  a thin  fibrous  partition  which  extends 
forwards  from  the  hyoid  bone  to  the  tip,  and  divides  one  half  of  the 
medullary  part  of  the  tongue  from  the  other,  but  does  not  penetrate 
into  the  cortex. 


The  arteries  of  the.  tongue  are  derived  from  the  lingualis,  with  some  small 
branches  from  the  facial  and  ascending  pharyngeal.  With  these  the  veins  for 
the  most  part  correspond. 

The  nerves  of  the  tongue  (exclusive  of  branches  from  the  sympathetic  nerves) 
are  three  ; viz.  the  lingual  or  gustatory  branch  of  the  fifth  pair,  which  supplies 
the  papilhe  and  mucous  membrane  of  the  fore  part  and  sides  of  the  tongue  to 
the  extent  ot  about  two-thirds  of  its  surface  ; the  lingual  branch  of  the  glosso- 
p aryng-eal,  which  sends  filaments  to  the  mucous  membrane  at  the  base  of  the 
whfcTisam  to  1 papilhe  vallatai ; and,  lastly,  the  hypoglossal  nerve, 

sira  tf  thp  inb  he  fuscles-  Microscopic  ganglia  exist  upon  the  expan- 

division  of  nei'Ve’  and  in  the  sheeP  and  calf  uPon  the  gustatoiy 

where  detailed  desci,iption  of  the  blood-vessels  and  nerves  will  be  found  else- 


liortioAA'A’16  mo"tu  !s  forraed  b-r  the  PaIate’  which  consists  of  two 
the  soft  pakte  1Mrt  be‘Ug  named  the  bai'd  Palate>  nnd  the  back  Part’ 

theTbLTonLfZ70rk  °f  hanl  Palate’  a,ready  Ascribed  with 
meAZe  of  thrCr?d  ,by  l6  pe™ste™’  a"d  by  *e  lining 
mucous  membrn no  adhere  lntimately  together.  The 

dense,  rather  pale ’and*™  ls,eontmi;ious  with  that  of  the  gums,  is  thick, 
sides;’  huHsShZZAe?'1;^?1’  ?PeCialIy  in  front  and  <*  the 
the  middle  line  is  a rid-e  or  vwhztnJr*  d-ei?r  C?!our  behind*  AlonS 
which  corresponds  with 'Iho  m b ’ endin° 111  Aont  m a small  eminence, 
and  receivesTe  temhml  Tm^°Uhe  interior  palatine  canal 
palatine  nerves.  “n T°T-  and 

many  muciparous  glands  which  f 1 bai’d  palate  is  provided  with 
i &muas,  which  form  a continuous  layer  between  the 
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membrane  and  the  bone  ; and,  like  the  rest  of  the  mouth,  it  is  covered 
with  a squamous  stratified  epithelium. 


In  the  rabbit  fine  nervous  fibrils  have  been  traced  forming  a plexus  in  the 
epithelium  (Elin). 


The  soft  palate  (velum  pendulum  palati)  is  formed  of  a doubling  of 
mucous  membrane  inclosing  muscular  fibres  and  numerous  glands.  It 
constitutes  an  incomplete  and  moveable  partition  between  the  mouth 
and  the  pharynx,  continued  from  the  posterior  border  of  the  hard  palate, 


Fig.  235. 


p jo-  235  — Antero-Posterior  Vertical  Section  through  the  Head  a little  to  the 
left  of  the  Middle  Line,  showing  the  relations  of  the  Nasal  and  Buccal 
Cavities,  the  Pharynx,  Larynx,  &c. 

a nasal  septum,  and  below  it  the  section  of  the  hard  palate  ; 6,  the  tongue  ; c soft 
l + rl  tiu'  lins  • u the  uvula  ; r,  anterior  pillar  of  the  fauces  ; i,  posterior  P'dai  , 

6,  opening  of  the  right  Eustachian  tube. 

obliquely  downwards  and  backwards  (fig.  235,  c).  Its  form  and  its  mfe- 
lfior  connections,  bounding  the  isthmus  of  (the  fauces,  have  been  alrea  ) 
described,  together  with  the  muscles  which  enter  into  its  composition. 

The  anterior  or  under  surface  of  the  velum,  which  is  viable  m the 
mouth,  is  concave.  The  mucous  membrane,  continuous  with  that  of 
the  hard  palate,  is  thinner  and  darker  : it  is  coveied  with  ‘ 

epithelium.  The  median  ridge  or  raphe,  which  is  continued  ac  .«. 
from  the  hard  palate  to  the  base  of  the  uvula,  indicates  the  g 
cPTinvation  of  the  velum  into  two  lateral  halves.  n v.  j 

W posterior  surface  of  the  soft  palate,  slightly  6p„htly 

is  continuous  above  with  the  floor  of  the  posterior  nans.  It  s sh  htly 
elevated  along  the  middle  line,  opposite  to  the  uvula.  The  greater 
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portion  of  its  mucous  membrane,  as  well  as  that  of  the  free  margin  of 
the  velum,  is  covered  with  scaly,  stratified  epithelium  j but  quite  at  its 
upper  portion,  near  the  orifice  of  the  Eustachian  tube,  the  epithelium  is 
columnar  and  ciliated.  In  the  new-born  child  the  whole  posterior  sur- 
face is  covered  with  ciliated  epithelium  (Klein),  but  this  becomes  sub- 
sequently replaced  by  squamous  ; the  epithelium  of  the  gland-ducts, 
however,  retains  in  mauy  instances  its  ciliated  character. 

On  both  surfaces  of  the  velum  are  found  numerous  small  compound 
glands,  called  the  palatine  glands.  They  particularly  abound  on  the 
upper  surface,  where,  they  form  almost  a complete  layer  under  the 
mucous  membrane  ; they  are  also  very  abundant  in  the  uvula. 


THE  TONSILS. 


The  tonsils  (tonsillas,  amygdalae)  are  two  prominent  bodies,  which 
occupy  the  recesses  formed,  one  on  each  side  of  the  fauces,  between  the 
anterior  and  posterior  palatine  arches  and  the  pillars  of  the  fauces 
(fig.  235,  t). 

They  are  usually  about  half  an  inch  in  length,  and  a third  in  width 
and  thickness ; but  they  vary  much  in  size  in  different  individuals. 

The  outer  side  of  the  tonsil  is  connected  with  the  inner  surface  of 
the  superior  constrictor  of  the  pharynx,  and  approaches  very  near  to 
the  internal  carotid  artery.  Considered  in  relation  to  the  surface  of 
the  neck,  the  tonsil  corresponds  to  the  angle  of  the  lower  jaw,  where  it 
may  be  felt  beneath  the  skin  when  it  is  enlarged.  Its  inner  surface, 
projecting  into  the  fauces  between  the  palatine  arches,  presents  from 
twelve  to  fifteen  orifices,  which  give  it  a perforated  appearance.  These 
orifices  lead  into  recesses  or  crypts  in  the  substance  of  the  tonsil 
like  those  already  described  (pp.  330-1)  as  occurring  at  the  back  part 
of  the  upper  surface  of  the  tongue.  The  tonsils  contain  a large  amount 

ot  lymphoid  tissue  ; indeed  this  appears  to  constitute  their  main 
substance. 


• stmetures  receive  a very  large  supply  of  blood  from  various  arteries, 
.,  bom  the  tonsillar  and  palatine  branches  of  the  facial  artery,  and  from  the 
descending  palatine,  the  ascending  pharyngeal  and  the  dorsalis  lingual.  From 

lvTnhoST68  fee“eS  and  caPillaries  are  distributed  abundantly  to  the 
l£  ^,  rUe  andJoUlcles  and  to  the  papillae  of  the  mucous  membrane  which 
^ter  s L Tbf  • hG  VemS  ^ nUmerous’  and  ente1'  the  tonsillar-  plexus  on  its 
fifth  nail- ' LvnmboH 68  COmt  ±nfn  the  §'loss°-Pharyngeal  nerve,  and  from  the 
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P!0Ured  int0  tbe  mouth>  and  there  mixed  with 

to  three  pairs  of  glands,  named 

Agreeing  in  their  ILer* atl?ns’.-P®roi ^maxillary,  and  sublingual 

these  glands  differ  in  thoh  Jbysical  chaJacters  and  minute  structure, 
b umer  in  their  size,  form,  and  position. 

mi  . THE  PABOTID  GLAND. 

It  lies  on  the  si^oftL^face^n  front  of  °tl  ^ salivary  "lands* 
into  the  space  behind  the  ramus  of ^ ^ tbe  ear’  and  exfcends  deeP ly 
from  five  to  eight  drachms.  8 °f  tbe  ower  Jaw*  Its  weight  varies 

1 vo LUlr  6Ur&Ce  is  conm  “0  tabulated,  and  is  covered  by  the  skin 
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and  fascia,  and  partially  by  the  platysma  muscle.  It  is  bounded  above 
by  the  zygoma,  below  by  a line  drawn  backwards  from  the  lower  border 
of  the  jaw  to  the  sterno-mastoid  muscle,  and  behind  by  the  external 
meatus  of  the  ear,  the  mastoid  process,  and  sterno-mastoid  muscle.  Its 

Fig.  236. 


\ 


Frf.  236.  —Sketch  of  a Superficial  Dissection  of  the  Face,  showing  the  Position 
of  the  Parotid  and  Submaxillary  Glands  (Allen  Thomson).  Two-Fifths  the 
Natural  Size. 

p,  the  main  part  of  the  parotid  gland ; p',  the  small  part,  which  lies  alongside  the  duct, 
on  the  masseter  muscle  ; d,  the  duct  of  Stenson  before  it  perforates  the  buccinator  muscle ; 
a,  transverse  facial  artery  ; n,  n,  branches  of  the  facial  nerve  emerging  from  below  the 
gland  ; /,  the  facial  artery  passing  out  of  a groove  in  the  submaxillary  gland  and  ascend- 
ing  on  the  face  ; s m , superficial  larger  portion  0f  the  submaxillary  gland  lying  o\  er  e 
posterior  part  of  the  mylo-hyoid  muscle. 

anterior  border,  which  lies  over  the  ramus  of  the  lower  jaw,  is  less 
distinctly  defined,  and  stretches  forwards  to  a variable  extent  on  the 
masseter  muscle.  It  is  from  this  anterior  border  of  the  gland  that  the 
excretory  duct  passes  off ; and  there  is  frequently  found  in  connection 
with  the  duct,  and  lying  upon  the  masseter  muscle,  a small  process  oi 
a separated  portion  of  the  gland  (]/),  which  is  called  gJandula  sot  ui 
mrotidis.  On  trying  to  raise  the  deeper  part  of  the  parotid  gland 
from  its  position,  it  is  found  to  extend  far  inwards,  between  t le 
mastoid  process  and  the  ramus  of  the  jaw,  towards  the  base  of  the  sku  , 
and  to  be  intimately  connected  with  several  deep-seated  parts,  -thus, 
above,  it  reaches  into  and  occupies  the  posterior  part  of  the  Slcnm 
cavity;  behind  and  below,  it  touches  the  digastric  muscle,  and  iests 
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on  the  styloid  process  and  styloid  muscles ; and,  in  front,  under  cover 
of  the  ramus  of  the  jaw,  it  advances  a certain  distance  between  the 
external  and  internal  pterygoid  muscles. 

The  internal  carotid  artery  and  internal  jugular  vein  are  close  to  the 
deep  surface  of  the  gland.  The  external  carotid  artery,  accompanied 
by  the  temporal  and  internal  maxillary  veins,  passes  through  the  parotid 
gland,  and  in  that  situation  divides  into  the  temporal  and  internal 
maxillary  arteries,  the  former  soon  giving  off  the  auricular  and  trans- 
verse facial  branches  of  the  temporal.  The  gland  is  also  traversed 
by  the  facial  nerve,  which  divides  into  branches  within  its  substance, 
and  it  is  pierced  by  branches  of  the  great  auricular  nerve. 

The  parotid  duct,  named  also  Stenson’s  duct  (d.  Stenonianus), 
appears  at  the  anterior  border  of  the  gland,  about  one  finger’s  breadth 
below  the  zygoma,  and  runs  forwards  over  the  masseter  muscle,  accom- 
panied by  the  socia  parotidis,  when  that  accessory  portion  of  the  gland 
■exists,  and  receiving  its  ducts.  At  the  anterior  border  of  the  masseter, 
the  duct  (d)  turns  inwards  through  the  fat  of  the  cheek  and  pierces  the 
buccinator  muscle ; and  then,  after  running  for  a short  distance  ob- 
liquely forwards  beneath  the  mucous  membrane,  opens  upon  the  inner 
surface  of  the  cheek,  by  a small  orifice  opposite  the  crown  of  the  second 
molar  tooth  of  the  upper  jaw.  Its  direction  across  the  face  may  be 
indicated  by  a line  drawn  from  the  lower  margin  of  the  concha  of  the 
■ear  to  a point  midway  between  the  red  margin  of  the  lip  and  the  ala 
of  the  nose.  The  length  of  the  Stenonian  duct  is  about  two  inches 
and  a half,  and  its  thickness  about  one  line  and  a half.  At  the  place 
where  it  perforates  the  buccinator,  its  canal  is  as  large  as  a crow-quill, 
but  at  its  orifice  it  is  smaller  than  in  any  other  part,  and  will  only 
admit  a fine  probe. 


The  vessels  of  the  parotid  gland  enter  and  leave  it  at  numerous  points.  The 
•arteries  are  derived  directly  from  the  external  carotid,  and  from  those  of  its 
branches  which  pass  through  or  near  the  gland.  The  veins  correspond.  The 
lymphatics  join  the  deep  and  superficial  set  in  the  neck  ; and  there  are  often  one 
01  more  lymphatic  glands  embedded  in  the  substance  of  the  parotid.  The  nerves 
come  from  the  sympathetic  (carotid  plexus),  and  also,  it  is  said,  from  the  facial 
the  superficial  temporal  and  great  auricular  nerves. 

on  nnpUmanC!i1S  lef01,'ded  by  Graber  of  a remarkable  displacement  of  the  parotid 
.an  dV  thG  Wh0  e gland  bein»  situated  on  the  masseter  muscle  as  if  it  were 
laiged  socia  parotidis.  (Virchow’s  Archiv,  xxxii.,  p.  328.) 
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g-nd  (figS‘  236’  237’  **)»  tlle  BeSt  111  Size  t0  the 
is  situated  if  a SI)h<rr?K  ;l1form’  and  wei§'hs  aboufc  2 or  2b  drachms.  It 

bel(T  the  base  and  the  inner  surface  of  the 
€oyered  bv  thp  <5Hnd^b0^e  d^astiac  musc^e*  In  this  position  it  is 
rests  on  the  mvlo  W •afC!a  anc!  Plat3'sma  myoides,  and  its  inner  surface 
it  correspondsfvitlf^de  lyo'?  ossus’  and  stylo-glossus  muscles  ; above, 
•and  it  is  senarated  LvP?iS10n  0,n  the  inner  ^ace  of  the  jaw-bone  ; 
maxillary  membrane  ^Thf'T  parotld  gland  merely  by  the  stylo- 
jaw-bone  lies  in  a de<m  . ,e  bacia^  arfcery,  before  it  mounts  over  the 
of  the  gland.  C ^10<n  G uPon  the  back  part  and  upper  border 

237)fwh?ch  if  fbom  §1.and’  named  Wharton’s  duct  {d',  fig. 

A is  about  two  inches  in  length,  passes  ott;  together  with. 
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a thin  process  of  the  glandular  substance,  round  the  posterior  border 
of  the  mylo-hyoid  muscle  (mil),  and  then  runs  forwards  and  inwards, 
above  that  muscle,  between  it  and  the  hyo-glossus  and  genio-hyo- 
glossus,  and  beneath  the  sublingual  gland,  to  reach  the  side  of  the 
fi’cCnum  linguse.  Here  it  terminates,  close  to  the  duct  of  the  opposite 
side,  by  a narrow  oi’ificc,  which  opens  at  the  summit  of  a soft  papilla  (dy 
seen  beneath  the  tongue.  The  obvious  structure  of  this  gland  is  like 
that  of  the  parotid;  but  its  lobes  are  larger,  its  surrounding  areolar 
web  is  finer,  and  its  attachments  are  not  so  firm.  Moieovcr,  its  duct . 
has  much  thinner  coats  than  the  parotid  duct. 

The  blood-vessels  of  the  submaxillary  gland  are  branches  of  the  facial  and 
lingual  arteries  and  veins.  The  nerves  include  those  derived  from  the  sub- 
maxillary ganglion,  and  through  this,  doubtless,  from  the  chorda  tympam,  as- 
well  as  branches  from  the  mylo-hyoid  division  of  the  inferior  dental  nerve,  and 
the  sympathetic. 

THE  SUBLINGUAL  GLAND. 

The  sublingual  gland  (fig.  237),  the  smallest  of  the  salivary  glands, 
is  of  a narrow  oblong  shape  and  weighs  scarcely  one  drachm.  It  is 


Fig.  237. 


Fig.  237. — View  of  toe  Right  Sub- 
maxillary and  Sublingual  Glands- 
from  the  Inside  (Allen  Thomson). 

A part  of  the  right  side  of  the  jaw, 
divided  from  the  left  at  the  symphysis, 
remains  ; the  tongue  and  its  muscles 
have  been  removed  ; but  the  mucous 
membrane  of  the  right  side  is  retained 
and  is  drawn  upwards  so  as  to  expose 
the  sublingual  glands  ; s m,  the  larger 
superficial  part  of  the  submaxillary 
gland  ; /,  the  facial  artery  passing 
through  it  ; s in',  deep  portion  prolonged 
on  the  inner  side  of  the  mylo-hyoid 
muscle  in  h ; s l,  is  placed  below  the 
anterior  large  part  of  the  sublingual 
<dand,  with  the  duct  of  llurtholin  partly 
shown;  si',  placed  above  the  hinder  small  end  of  the  gland,  inmates  one  or  two  of 
the  ducts  perforating  the  mucous  membrane  ; d,  the  papilla,  at  wind  . 

Wharton  opens  in  front  behind  the  incisor  teeth  ; d',  the  commencement  of  the  duct  > 

Ji,  the  hyoid  bone  ; n,  the  gustatory  nerve. 

situated  along  the  floor  of  the  mouth,  where  it  forms  a 
the  tongue  and  the  gums  of  the  lower  jaw,  covered  only by ^the > muc°us 
membrane.  It  reaches  from  the  fraenum  lingua,  mho, 
in  contact  with  the  gland  of  the  opposite  side 
outwards  for  rather  more  than  an  inch  and  a hall.  On 
rests  on  the  genio-hyo-glossus ; beneath,  it  is  supported  by  the  mylo- 
hyoid muscle  (m/i),  which  is  interposed  between  it  and  the  rampart 
of  the  submaxillary  gland;  but  it  is  here  m close  contac  t withthe 
Whartonian  duct,  with  the  accompanying  deep  por ion  f ^am 
gland,  and  also  with  the  lingual  branch  of  the  fifth  J^o  ® 

The  lobules  of  the  sublingual  gland  are  not  so  closel)  un 
1S  thoseof  the  other  saliyary  glands,  and  the  ducts  from  mam ’ of  them 
open  separately  into  the  mfiTth,  along  the  ridge  *1 
“Ltion  of  the  gland.  These  ducts,  named  ducts  of  “* T>  „ 

l,|ht  to  twenty  in  number.  Some  of  them  open  into  the  duct  ot 
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Wharton.  One,  longer  than  the  rest  (which  is  occasionally  derived 
in  part  also  from  the  submaxillary  gland),  runs  along  the  Whartonian 
duct,  and  opens  either  with  it  or  very  near  it ; this  has  been  named 
the  duct  of  Bartholin. 

The  blood-vessels  of  this  gland  are  supplied  by  the  sublingual  and  submental 
arteries  and  veins.  The  nerves  are  numerous,  and  are  derived  from  the  lingual 
branch  of  the  fifth. 

STRUCTURE  OF  THE  SALIVARY  GLANDS. 

These  glands  are  constructed  on  the  compound  racemose  type.  Their 
ducts  (traced  backwards),  after  branching  a certain  number  of  times, 
terminate  in  moderately  fine  ramuscules,  around  which  the  terminal 
recesses  of  the  gland  are  grouped,  and  into  which  they  open.  These 
terminal  recesses,  saccules,  or  alveoli  (fig.  238  V)  are  lined  and  almost 


Fig.  238. 


Fi0.  _,38.  Section  op  the  Submaxillary  Gland  of  the  Dog,  stained  with  carmine. 

Highly  magnified  (Kolliker). 

<i,  cross-section  of  small  salivary  duct  ; b,  an  alveolus  containing  salivary  cells  ; c, 

semilunar  body. 


filled  by  an  epithelium,  the  cells  of  which  {salivary  cells)  are  spheroidal 
m form,  with  flattened  sides  where  they  touch  one  another,  and  consist 
°u  £ranuai  protoplasm  enclosing  a nucleus,  which,  in  sections, 
geneially  appears  flattened  up  against  the  base  of  the  cell.  This  position 

d.tilm  bn016118  1S)  ll0wever>  Pr°duced  after  death  ; in  the  unaltered  con- 
ccupies  a more  central  position  in  the  cell  (as  shown  in  fig.  240). 

never  in  the  nun 1 V't wf U '!  • t0  a less  exterA  the  sublingual,  but 

swelling  up  of  this  hv  i l(’ar-v'ce  s for  the  most  part  contain  mucus,  and  the 
altered&Position^  th ^er  is  not  improbably  the  cauL  of  the 
columnar  epithelium  S’  aS  laPPens  111  fbe  formation  of  goblet-cells  from 

one  from  the^base^ of  c^ch^oii CclLs  n°t  infrequently  exhibit  processes, 
is  flattened! and* K{3mker  the  Projection 
relation  of  the  alveola?  cells  h f \ neiSllbourmg  cell.  A similar 

glands  of  the  intestine,  which  pointe,d  out  m Brunner’s 

glands  (Schwalbe).  belong  to  the  same  class  as  the  salivary 
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The  salivary  alveoli  are  bounded  externally  by  a basement  membrane,, 
which,  however,  appears  in  some  cases  to  be  incomplete,  owing  to  the 
flattened  cells  which  compose  it  being  branched  and  stellate  instead  of 
epithelioid.  Moreover  these  cells  send  processes  inwards  which  form  a 
sustentacular  network  amongst  the  salivary  cells.* 

A delicate  intra-alveolar  reticulum  is  described  by  various  observers,  enclosing- 
in  its  meshes  the  alveolar  cells.  It  is  at  present  uncertain  whether  the  appear- 
ance is  to  be  referred  to  the  sustentacular  network  of  cell-processes  above 
mentioned,  or  to  the  network  of  intercellular  passages  shown  in  fig.  239,  or  to  an 

independent  cause.  . , _ , ... 

In  sections  of  the  submaxillary  gland  there  is  to  be  seen  here  and  there  m the 
alveoli  a peculiar  half -moon-shaped  granular  mass,  staining  deeply  with  carmine, 
and  lying-  between  the  salivary-cells  and  the  enclosing  basement  membrane 
(fig.  238,  o').  This  body,  which  was  first  noticed  by  Gianuzzi,  and  has  been 
regarded' as  of  considerable  importance,  we  are  inclined  to  look  upon,  with 
Pfliiger,  as  most  probably  due  to  a post-mortem  change  consequent  on  t e 
presence  of  mucus  within  the  more  central  cells— these  becoming  swollen  by 
imbibition,  and  compressing  the  marginal  cells,  which  contain  no  mucus,  against 
the  basement  membrane.  In  accordance  with  this  view  it  may  be  stated  that  the 
semilunar  body  is  not  found  in  those  animals  (rabbits)  in  which  the  sakvary-cells 
contain  no  mucus,  nor  in  the  glands  of  other  animals  (dogs)  the  cells  of  which 
have  been  caused  to  discharge  then  contained  mucus  by  irritation  of  the  nerves 
proceeding  to  the  g'land  (Heidenhain). 

The  smallest  ducts  of  the  gland,  those  into  which  the  alveoli  open, 
are  composed  only  of  a basement  membrane  and  a simple  layer  of 
flattened  epithelium.  After  a short  course  the  character  of  the 
epithelium  changes  rather  abruptly,  the  cells  becoming  large  and 
columnar,  smallest  towards  the  lumen  of  the  tube,  and  each  containing 
a roundish  lindens  near  the  centre  (fig.  238,  a).  The  part  of  the  cell 
nearest  the  lumen  of  the  duct  is  homogeneous  or  granular  m character,, 
whereas  the  part  nearest  the  basement  membrane  appears  finely  striated 
longitudinally.  In  the  ducts  of  the  parotid  gland  this  striated  appear- 
ance is  said  to  be  absent. 

Pfliiger  states  tbat  the  striation  is  due  to  the  presence  of  excessively  fine  varicose 
fibrils  and  that  these  are  directly  continuous  with  those  forming  the  axis-cylmde  . 
of  nerves  which  he  describes  as  penetrating  the  basement  membrane. 

mTfaJen*  of  the  cells,  which  project  into  the  lumen,  present  a mosa.c 

appearance  when  seen  from  the  surface. 

The  larger  ducts  acquire  a coating  of  fibrous 
and  elastic  tissue  outside  the  basement  membrane, 
and,  except  in  those  of  the  sublingual  gland,  a 
few  plain  muscular  fibre-cells  are  also  to  be  lound  . 
the  columnar  epithelium  becomes  at  the  same  time 
gradually  shorter  and  shorter,  until  m the  mam 
ducts  it  is  cubical  or  even  tesselated. 


239. 


jV  939 An  Alveolus  op  a Compound  Racemose  Gland, 

injected  from  the  Excretory  Duct.  Highly  Magnified. 

Hardly  anything  but  the  dark  injecting  fluid  is  sho^;  the 

alveolar  cells  and  nuclei  are  only  faintly  indicated  ; those  of  e 
duct  are  not  represented  at  all  The  injection  is  seen  filling 
the  central  cavity  of  the  alveolus,  and  passing  fion  t us  in  fine- 
channels  (represented  by  black  reticulating  h c. ), 
around  the  cells  (after  Saviotti). 

According  to  the  observations  of  Pfliiger  and  Ewald,  the  central  cavities  of  the 

* Boll,  Arch.  f.  uiikr.  Anat.  v. 


THE  PHARYNX. 


341 


alveoli  communicate  with,  fine  passages  (salivary  capillaries)  like  the  biliary 
capillaries  to  be  afterwards  described— which  pass  between  and  around  the 
salivary-cells.  Their  statements  on  this  point  agree  generally  with  those  previously 
made  by  Langerhans  and  Saviotti  with  reference  to  the  pancreas,  a gland  of 
similar  structure  (see  fig.  239.) 

The  blood-vessels  of  the  salivary  glands  are  numerous,  and  form  a close  capil- 
lary network  outside  the  basement  membrane  both  of  the  alveoli  and  the  ducts. 

The  lymphatics  were  described  by  Gianuzzi  as  commencing  in  the  form  of 
fissures  between  and  around  the  alveoli,  but  further  investigations  are  required 
on  this  point.  The  issuing  lymphatics  accompany  the  blood-vessels. 

The  nerves  are  large  and  numerous,  and  many  of  them  exhibit  minute  ganglia. 
Some  of  them  have  been  observed  to  terminate  in  Pacinian  corpuscles  of  a simple 
kind  (Krause). 

According  to  P finger, * the  basement  membrane  of  the  alveoli,  as  well  as  of 
the  ducts,  is  perforated  by  the  nerves,  which  lose  their  medullary  sheath,  and, 
breaking  up  into  a number  of  branches,  become  connected  with  the  protoplasm 
of  the  cells,  either  directly  (fig.  240,  A)  or  by  the  medium  of  small  multipolar 
ganglion-cells  (B).  Others  he  describes  as  passing  into  the  cell-nuclei.  Other 
observers,  however,  have  hitherto  failed  to  corroborate  these  statements. 


Fig.  240. 


A B 

Fig.  240.  Illustrating  Pfluger’s  views  of  the  Termination  of  Nerves  in  the 
Alveolar  Cells  (from  Strieker’s  Handbook). 

A Direct  passage  of  nerve  into  a salivary  cell ; B,  by  the  medium  of  a multipolar 
ganglion-cell,  rj.  1 


that  Pfliiger  believes  (and  in  this  he  is  to  some  extent  sup- 
pox  ec  iy  Heidenhain)  that  the  cells  both  of  the  alveoli  and  of  the  smaller  ducts 
undergo  extensive  disintegration  during  the  active  state  of  the  gland,  and  are 
afterwards  renovated. 


THE  PHARYNX. 


po’d'h'PQ^iriX  lS  Jafc  Part  ^ie  alimentary  canal  which  unites  the 
W of  thVil6,  a?d  nose  to  the  oesophagus.  It  extends  from  the 
a gac  onen  n/^tb  ? dc  ^mvc'r  border  of  the  cricoid  cartilage,  and  forms 

apertures  wiino-  Cnd’  and  ^Perfect  in  front,  where  it  presents 

PTl  eadm§  into  the  nose,  mouth  and  larynx.  1 

The  velum  pendulum  palati  projects  backwards  into  the  pharynx,  and 

* Arch.  f.  mikr.  Anat.  V.  ; and  article,  “Salivary  Glands,”  in  Strieker’s  Handbook. 
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during  the  passage  of  the  food  completely  separates  an  upper  from  a 
lower  part  by  means  of  the  contraction  of  the  muscles  connected  with  it 
which  are  placed  in  the  posterior  pillars  of  the  fauces.  Seven  openings 
lead  into  the  cavity  of  the  pharynx  ; viz.,  above  the  velum,  the  two 
posterior  openings  of  the  nares  (choanal  narium,  fig.  241,  l),  and  at 
the  sides  the  apertures  of  the  Eustachian  tubes  (6)  ; while  below  the 
velum,  there  is  first  the  passage  leading  from  the  mouth  (3) ; then 
the  superior  opening  of  the  larynx  (4),  and  lastly  the  passage  into  the 
oesophagus  (5). 

The  pharynx  is  about  four  inches  and  a half  in  length,  and  is  con- 
siderably wider  across  than  it  is  deep  from  before  backwards.  Its 
width  above  is  moderate  ; its  widest  part  is  opposite  the  cornua  of  the 
hyoid  bone,  and  below  this  it  rapidly  contracts  like  a funnel  towards 
its  termination  in  the  gullet,  opposite  the  cricoid  cartilage,  where  it  is 
narrowest. 


Fig.  211. 


Fig.  241. x\.NTER0-P0STERI0R  VERTICAL  SECTION  THROUGH  THE  HEAD  A LITTLE  TO  THE 

left  of  the  Middle  Line,  showing  the  relations  of  the  Nasal  and  Luccal 

Cavities,  the  Pharynx,  Larynx,  &c. 

a,  nasal  septum,  and  below  it  the  section  of  tlie  hard  palate  ; b,  the  tongue  ; c,  soft 
palate  ; d,  the  lips  ; u,  the  uvula ; r,  anterior  pillar  of  the  fauces  ; i,  posterior  pi  . _ , 
t the  tonsil  placed  between  the  pillars  ; p,  upper  part  ot  the  pharynx  , , 3 

hyoid  bone  ; % thyroid  cartilage  ; *,  cricoid  cartilage  ; rf  on  the  uPP™al 
the  glottis;  s,  epiglottis;  1,  posterior  opening  ot  the  nares  , 3,  behind  the  isthmus 
faucium  ; 4,  opposite  the  superior  opening  of  the  larynx  ; 5,  passage  in  o le  resop  0 , 

6,  opening  of  the  right  Eustachian  tube. 


Attachments.— The  walls  of  the  pharynx  are  formed  by  a fascia  or 
layer  of  fibrous  tissue,  named  the  pharyngeal  aponeurosis,  dense  a 
uuuer  part  but  lax  and  weak  below,  which  is  suuounded  1}  i - ■ • - 
and  lined  by  a mucous  membrane.  At  its  upper  end  this  fibrous ; wall 
is' attached 7to  the  posterior  part  of  the  body  of  the  sphenoid  > 
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and  passes  outwards  to  the  petrous  portion  of  the  temporal.  It  is 
strengthened  in  the  middle  line  by  a strong  band  descending  between 
the  recti  antici  muscles  from  a part  of  the  basilar  process  of  the  occipital 
bone  (which  often  presents  a marked  tubercle). 

The  pharynx  is  usually  described  as  directly  attached  superiorly  to  the  basilar 
process  of  the  occipital  bone  ; it  is  certain,  however,  from  dissections  in  both 
young  and  old  subjects,  that  the  recti  capitis  antici  muscles  come  quite  forward 
to  the  anterior  extremity  of  the  basilar  process ; that  the  posterior  wall  of  the 
pharynx  at  its  upper  end  forms  a cul-de-sac  on  each  side  opposite  the  tip  of  the 
petrous  bone,  and  lies  in  a curve,  with  its  convexity  forwards,  hi  front  of  the 
recti  muscles  ; and  that  the  only  connection  of  the  pharynx  with  the  occipital 
bone  is  by  means  of  the  mesial  band,  which  has  just  been  described,  and  which 
forms  a cranio-pharyngeal  ligament  (Cleland).  The  tubercle  from  which  this 
band  principally  springs  is  sometimes  named  tubercnlum pharyngenm. 


Behind,  the  pharynx  is  loosely  connected  by  areolar  tissue  to  the 
prevertebral  fascia  covering  the  bodies  of  the  cervical  vertebrae  and  the 
muscles  which  rest  upon  them.  At  the  sides  it  has  similar  connections 
with  the  styloid  process  and  its  muscles,  and  with  the  large  vessels 
and  nerves  of  the  neck.  In  front,  it  is  attached  in  succession  to  the 
sides  of  the  posterior  nares,  the  mouth  and  the  larynx.  Thus,  com- 
mencing above  by  a tendinous  structure  only,  at  the  petrous  portion 
of  the  temporal  bone  and  the  Eustachian  tube,  the  pharynx  is  con- 
nected by  means  of  muscle  and  fibrous  membrane,  first,  with  the 
internal  pterygoid  plate,  then  with  the  pterygo-maxillary  ligament,  and 
next  with  the  mylo-hyoid  ridge  of  the  lower  jaw;  below  this,  it  is 
attached  to  the  sides  of  the  tongue,  to  the  hyoid  bone,  and  stylo- 
hyoid ligament ; and,  still  lower  down,  to  the  thyroid  and  cricoid 
cartilages. 


Structure. — The  muscles  of  the  pharynx  are  the  superior,  middle 
and  inferior  constrictors,  the  stvlo-pharyngeus,  and  the  palato-pharyn- 
geus.  They  are  already  described. 

Ihe  mucous  membrane  is  continuous  at  the  several  apertures  with 

that  of  the  adjacent  cavities.  It  varies  somewhat  in  its  character  in 

different  parts.  Its  upper  portion  is  thick  where  it  adheres  to  the  base 

of  the  skull,  but  much  thinner  near  the  entrance  of  the  Eustachian 

ubes  and  the  posterior  nares : in  this  situation  numerous  racemose 

mucous  glands  are  found  collected  in  a layer  beneath  the  mucous  mem- 

lane  , lymphoid  follicles  also  exist  throughout  the  whole  of  the  pharynx. 

A collection  of  these,  forming  a glandular  mass  similar  to  that  forming 

le  onsils,  stretches  across  the  back  of  the  pharyngeal  cavity  between 

?>ri  ccs  f.  the  two  Eustachian  tubes  (Kolliker).  In  the  part  opposite 

T ITT ’ th®  ^ucous  membrane  exactly  resembles  that  of  the  mouth. 

tvlroi  i!!nv  v e?1]C1S1  paler’  and.afc  the  back  of  the  larynx  it  forms 

the  miner  , 0 dsj  According  to  Henle,  the  epithelium  upon 

Avith  the  fln  'nf  10  Pliarynx>  as  down  as  a horizontal  line  level 

o int  it  is Tml  nai’fh  is  columnar  aad  cfriated;  but,  below  that 
point,  it  is  squamous  and  destitute  of  cilia. 


the  (esophagus. 


tlJttoSf' ^^omme|ce8leaALPf -ageH  “ft®  fl'°m  thS  ph,ary“  to 

border  of  Hie  fifiK  , ,S  , the  cucoid  cartilage  opposite  the  lower 

alono- the  front  of  Verfce^ra  (s’x(dh  Braune),  and  descending 

a spine,  passes  through  the  diaphragm  opposite  the 
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ninth  dorsal  vertebra,  and  there  ends  by  opening  into  the  cardiac  orifice 
of  the  stomach. 

Form  and  position. — The  length  of  the  oesophagus  is  about  nine 
or  ten  inches.  It  is  of  smaller  diameter  than  any  other  division  of 
the  alimentary  canal,  its  narrowest  part  being  at  the  commencement 
behind  the  cricoid  cartilage ; it  is  also  slightly  constricted  in  passing 
through  the  diaphragm,  but,  below  that,  widens  into  the  stomach. 
The  oesophagus  is  not  quite  straight  in  its  direction,  but  presents 
three  slight  curvatures.  One  of  these  is  an  antero-posterior  flexure, 
corresponding  with  that  of  the  vertebral  column  in  the  neck  and 
thorax.  The  other  two  are  slight  lateral  curves  ; for  the  oesophagus, 
commencing  in  the  median  line,  inclines  to  the  left  side  as  it  descends 
to  the  root  of  the  neck  ; thence  to  the  fifth  dorsal  vertebra  it  gradually 
resumes  the  mesial  position  ; and  finally,  it  deviates  again  to  the  left, 
at  the  same  time  coming  forward  towards  the  oesophageal  opening  of 
the  diaphragm. 

Connections. — In  the  lower  cervical  and  upper  dorsal  region  the 
oesophagus  is  applied  to  the  anterior  surface  of  the  spine,  being  con- 
nected with  it  and  with  the  longus  colli  muscle  by  loose  areolar  tissue  ; 
between  it  and  the  bodies  of  the  upper  dorsal  vertebrae  the  thoracic 
duct  ascends  obliquely  from  right  to  left : its  lower  third  is  placed  in 
front  of  the  aorta,  in  the  neclc,  the  oesophagus  lies  close  behind  the 
trachea,  and  the  recurrent  laryngeal  nerve  ascends  on  either  side  in  the 
angle  between  them  ; on  each  side  is  the  common  carotid  artery,  and 
also  a part  of  the  thyroid  body,  but,  as  the  oesophagus  inclines  to  the 
left  side,  it  is  in  more  immediate  connection  with  the  left  carotid.  In 
the  thorax,  the  oesophagus  is  successively  covered  in  front  by  the  lower 
part  of  the  trachea,  by  the  commencement  of  the  left  bronchus,  and  by 
the  back  of  the  pericardium.  The  aorta,  except  near  the  diaphragm, 
where  the  oesophagus  is  in  front  of  the  vessel,  lies  rather  to  the  left,  and 
the  vena  azygos  to  the  right;  the  pneumogastric  nerves  descend  in 
close  contact  with  its  sides,  and  form  a plexus  around  it,  the  left  nerve 
proceeding  gradually  to  the  front,  and  the  right  nerve  retiring  behind 
it.  Lastly,  the  oesophagus,  which  is  here  placed  in  the  interval  be- 
tween the  two  pleurae,  comes  partially  in  contact  with  both  of  those 

membranes.  . 

Structure. — The  walls  of  the  gullet  are  composed  of  three  coats  ; viz., 
an  external  or  muscular,  a middle  or  areolar,  and  an  internal  or  mucous 
coat.  Outside  the  muscular  coat  there  is  a layer  of  areolar  tissue,  yith 
well  marked  elastic  fibres,  which  is  sometimes  spoken  of  as  a distmc 


The  muscular  coat  consists  of  an  external  longitudinal  layer  (seen 
in  section  in  fig.  242,  V)  and  an  internal  circular  layer  (c).  This  twotoic 
arrangement  of  the  muscular  fibres  prevails  throughout  the  whole  long  1 
of  the  alimentary  canal  ; but  the  two  layers  are  here  much  thicker,  moie 
uniformly  disposed,  and  more  evident  than  in  any  other  pait  excep 
quite  at  the  lower  end  of  the  intestine.  The  external  or  longitudinal 
fibres  are  disposed  at  the  commencement  of  the  tube  m three  tascicu  i, 
one  in  front,  and  one  on  each  side.  The  lateral  fasciculi  are  blende 
above  with  the  inferior  constrictor  of  the  pharynx  ; the  anterior  fasci- 
culus arises  from  the  back  of  the  cricoid  cartilage  at  the  promme 
ridge  between  the  posterior  crico-arytenoid  muscles,  and  its  nmes 
spreading  out  on  each  side  of  the  gullet  as  they  descend,  soon  blend 
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Fig.  242. 


ay i tli  those  of  the  lateral  bundles  to  form  a continuous  layei  mound 
the  tube.  The  internal  or  circular  fibres  are  separated  above  by  the 
fibres  of  the  lateral  longitudinal  fasciculi  fiom  those  of  the  infeiioi 
constrictor  of  the  pharynx.  The  rings  which  they  form  around  the 
tube  have  a horizontal  direction  at 
the  upper  and  lower  part  ol  the 
oesophagus,  but  in  the  intervening  /, 

space  arc  slightly  oblique.  At  the 
lower  end  of  the  oesophagus,  both 
layers  of  fibres  become  continuous 
with  those  of  the  stomach. 

The  muscular  coat  of  the  upper 
end  of  the  oesophagus  is  of  a well- 
marked  red  colour,  and  consists 
wholly  of  striped  muscular  fibres ; 
but  lower  down,  where  it  becomes 
somewhat  paler,  these  are  gradually 
replaced  by  plain  muscular  fibres, 
which  form  almost  the  whole  of  the 
lower  half.  A few  striped  fibres, 
however,  are  found  mixed  with 
the  others  throughout  its  whole 
length,  and  even,  it  is  said,  on  the 
cardiac  end  of  the  stomach  (Eicinus). 

The  longitudinal  fibres  of  the  oeso- 
phagus are  observed  by  Hyrtl  to  be 
sometimes  joined  by  a broad  band  of 
smooth  muscle,  passing  upwards  from 
the  left  pleura,  and  sometimes  also  by 
another  from  the  left  bronchus. 


The  areolar  or  submucous  coat 
is  placed  between  the  muscular  and 
mucous  coats,  and  connects  them 
loosely  together.  It  exceeds  the 
mucous  membrane  considerably  in 
thickness,  and  in  it  are  contained 
the  glands  (fig.  242),  which  open  on 
the  mucous  membrane. 

The  mucous  membrane  is  of 
firm  texture,  and  is  paler  in  colour 
than  that  of  the  pharynx  or  stomach. 

From  its  loose  connections  its  outer 
sui face  is  freely  movable  on  the  muscular  tunic  ; and  when  the  latter 
o'.  °i')n  i et  ’ as  kaPP®n.s  when  the  oesophagus  is  not  giving  passage 
• 0 ’ 10  mucous  lining  is  thrown  into  longitudinal  folds,  which 
canal  ^ Ua  coutact*  These  folds  disappear  again  on  distension  of  the 


Fig.  242. — Section  of  the  Coats  of  the 
Human  (Esophagus,  50  Diameters 
Kolliker). 

The  section  is  transverse,  and  from  near 
the  middle  of  the  gullet,  a,  fibrous  cover- 
ing ; 1),  divided  fibres  of  the  longitudinal 
muscular  coat  ; c,  transverse  muscular 
fibres  ; cl,  submucous  or  areolar  layer  ; 
/,  papillie  of  mucous  membrane  ; ff,  lami- 
nated epithelial  lining  ; h,  opening  of  a 
mucous  gland,  of  which  the  saccular  part  is 
seen  imbedded  in  the  submucous  tissue  ; i, 
fat  vesicles. 


who^bfr-r o '■f3  ^'0  ai,C,  .seeu  nPon  t he  mucous  membrane,  and  the 
toac  d L Z " ^ck  stratified  scaly  epithelium,  which  can  be 

Dashes  into  onp  nf  °f^ce  tke  stomach,  where  it  suddenly 

"The  sim  II  or,  afferent  character,  as  will  be  hereafter  noticed, 
which  ore  fm-  racemose  glands,  named  oesophageal  glands, 

most  part  situate  as  before  stated  in  the  submucous 
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tissue,  are  especially  numerous  at  the  lower  end  of  the  tube.  A few  of 
the  smallest  which  are  found  in  the  immediate  neighbourhood  of  the 
opening  into  the  stomach  are  situate  almost  wholly  in  the  substance  of 
the  mucous  membrane. 

Next  to  the  submucous  coat  the  mucous  membrane  is  bounded  by 
longitudinally  disposed  plain  muscular  fibres  which,  imperfect  above, 
form  a continuous  layer  towards  the  lower  end  of  the  tube  ( muscularis 
mucosa). 

Duplicity  of  the  oesophagus  in  part  of  its  extent,  without  other  abnormality , 
has  been  recorded  (Blaes,  quoted  by  Meckel).  . 

The  blood-vessels  of  the  oesophagus  have  for  the  most  part  a longitudinal 
arrangement ; lymphatics  are  found  in  both  the  submucous  and  mucous  coats,  a 
certain  amount  of  lymphoid  tissue  also  being  present  in  the  latter.  The  nertes 
form  a gangliated  plexus  between  the  two  layers  of  the  muscular  coat,  as  m 
other  parts  of  the  alimentary  canal. 


THE  ABDOMINAL  VISCERA. 

As  that  part  of  the  digestive  canal  which  is  found,  beneath  the.  dia- 
phragm, and  consists  of  the  stomach  and  intestines,  is  situated  within 
the  cavity  of  the  abdomen , and  occupies,  together  with  the  liver  (the 
secretion  of  which  it  receives),  by  far  the  greater  part  of  that  cavity, 
the  general  topographic  relations  of  the  abdominal  viscera  may  lieie  ie 
briefly  explained. 


THE  ABDOMEN. 

The  abdomen  is  the  largest  cavity  in  the  body,  and  is  lined  by  an 
extensive  and  complicated  serous  membrane,  named  the  peritoneum. 

It  extends  from  the  diaphragm  above  to  the  levatores  am  muscles 
below,  and  is  subdivided  into  two  parts:  an  upper  and  larger  part,  th 
abdomen,  properly  so  called ; and  a lower  part,  named  th e pelvic  cavity. 
The  limits  between  the  abdominal  and  pelvic  portions  of  the  car  lty  c e 

marked  by  the  brim  of  the  pelvis.  . . f 

The  enclosing  walls  of  this  cavity  are  formed  principally  of  muscles 
and  tendons  which  have  been  already  described.  They  are  ^engthene 
internally  by  a layer  of  fibrous  tissue  lying  between  tfre  andttm 

peritoneum,  the  different  parts  of  which  are  described  undei  the  names 
of  fascia  transversalis,  fascia  iliaca,  and  anterior  lumbar 
walls  are  pierced  by  several  apertures,  through  which  aie  t lansmi  . 
the  great  vessels  and  some  other  parts,  such  as  the  sei  eia  < 1 <■ - & ‘ 

apertures  for  the  aorta,  vena  cava,  and  oesophagus,  f tpe 

arches  and  inguinal  canals.  In  the  ipedian  flbioi  . . 

anterior  wall  lies  the  umbilical  cicatrix.  The  cavity  of  the  peh  is 
also  lined  with  strong  fascim,  and  partially  by  peritoneum  and  a 
lower  part  are  the  apertures  for  the  transmission  of  the  rectum  and 

of  enabling  reference  to  be^ade 

to  the  situation  and  condition  of  the.  contained  oi-,am,  i)0unda- 
proper  has  been  artificially  subdivided  into  certain  regio  , 
ries  of  which  are  indicated  by  lines  drawn  upon  ^ suHace  of  ^ body 
(flo-.  243).  Thus,  two  horizontal  lines  drawn  round  the  bod) 
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cavity  into  three  zones  ; viz.  an  upper,  a middle,  and  a lower.  One  of 
these  lines  commences  at  the  level  of  the  most  prominent  point  of.  the 
ninth  costal  cartilages,  the  other  line,  opposite  the  crest  of  the  ilium. 
Each  of  these  zones  again  is  subdivided  into  three  parts  .by  means  of 
two  perpendicular  lines,  drawn  from  the  cartilage  of  the  eighth  lib,  on 
each  side,  down  to  the  middle  of  Poupart’s  ligament. 

The  upper  zone  is  thus  marked  off  into  the  right  and  left  hypochon- 
driac. regions  (fig.  243,  4,  4)  and  the  epigastric  region  (l),  the  depression 
in  the  upper  part  of  which  is  called  scrobiculus  cordis,  or  pit  of  the 
stomach.  The  middle  zone  is  divided  into  the  umbilical  region  (2)  in 
the  middle,  and  the  right  and  left  lumbar  regions  (5,  5)  ; and  the  inferior 
zone  into  the  hypogastric  region  (3)  in  the  middle,  and  the  iliac  region 
(6,  6)  at  each  side. 


Fig.  243. 


On  opening  the  abdominal 
cavity  from  the  front,  the  trans- 
verse colon  is  seen  passing  from 
right  to  left  and  separating  the 
viscera  into  an  upper  and  lower 
group.  In  the  upper  group  are 
comprised  the  liver,  stomach, 
spleen,  and  the  commencing  part 
of  the  small  intestine ; in  the 
lower,  more  or  less  hidden  by  the 
great  omentum,  are  the  remain- 
ing parts  of  the  small  intestine, 
surrounded  by  the  great  intestine 
and  dipping  into  the  pelvis, 
where  they  come  into  relation 
with  the  rectum  and  bladder,  and 
in  the  female  also  with  the  uterus. 

Lying  more  posteriorly,  and  hid- 
den by  the  intestines,  are  the 
pancreas  and  kidneys. 

The  surfaces  of  the  viscera 
which  are  in  contact  one  with 
another,  and  with  the  wall  of  the 
cavity  are  rendered  glistening  by 
a coating  derived  from  the  lining 
membrane  of  the  cavity,  th eperi- 
toneum;  and  the  various  organs 
are  found  to  be  attached  by 
means  of  folds  or  duplicatures  of 
that  membrane,  termed  mesen- 
teries and  omenta,  which  include 
phatics  belonging  to  each  organ. 

Subjoined  is  an  enumeration  of  the  viscera  situated  in 
regions  of  the  abdomen. 


Ft 


243. — Outline  of  the  Anterior 

SURFACE  OF  THE  ABDOMEN,  SHOWING 
THE  DIVISION  INTO  REGIONS. 


3,  epigastric  region  ; 2,  umbilical  ; 3, 
hypogastric  ; 4,  4,  right  and  left  hypo- 
chondriac ; 5,  5,  right  and  left  lumbar  ; 
6,  6,  right  and  left  iliac. 


the  blood-vessels,  nerves,  and  lym- 


the  different 


Epigastric  region  . i right  part  of  the  stomach,  the  pancreas, 

( and  part  of  the  liver. 

C The  right  lobe  of  the  liver,  with  the  gall- 
Hypochondriac,  right  . 1 bladder,  part  of  the  duodenum,  the  hepatic 

I flexure  of  the  colon,  part  of  the  right  kidney 
with  the  corresponding  suprarenal  capsule. 
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Hypochondriac , left . 


Umbilical  . . . . 


Lumbar,  right  . . . 

Lumbar,  left  . . . 

Hypogastric . . . . 

Iliac,  right  . . . . 
Iliac,  left  . . . . 


('The  large  end  of  the  stomach,  with  the  spleen 
and  narrow  extremity  of  the  pancreas,  the 
J splenic  flexure  of  the  colon,  and  the  upper 
) part  of  the  left  kidney  with  the  left  supra- 
renal capsule.  Sometimes  also  a part  of 
the  left  lobe  of  the  liver. 

[ Part  of  the  omentum  and  mesentery,  the 
) transverse  part  of  the  colon,  lower  part  of 
')  the  duodenum,  with  some  convolutions  of 
( the  jejunum  and  ileum. 
j The  ascending  colon,  lower  half  of  the  kidney, 
I and  part  of  the  duodenum  and  jejunum. 

\ The  descending  colon  and  lower  part  of  the 
( left  kidney,  with  part  of  the  jejunum. 

{The  convolutions  of  the  ileum,  the  bladder  in 
children,  and,  if  distended,  in  adults  also  ; 
the  uterus  when  in  the  gravid  state. 

\ The  ctecum.  with  the  appendix  vermiformis, 
) and  the  termination  of  the  ileum. 

The  sigmoid  flexure  of  the  colon. 


THE  PEBITONEUM. 

The  peritoneum  or  serous  membrane  of  the  abdominal  cavity  is  by 
far  the  most  extensive  and  complicated  of  the  serous  membranes.  Like 
the  others  it  may  be  considered  to  form  a shut  sac,  on  the  outside  of 
which  are  placed  the  viscera  which  it  covers.  In  the  female,  however, 
the  two  Fallopian  tubes  open  at  their  free  extremities  into  the  cavity 
of  the  peritoneum.  The  internal  surface  is  free,  smooth,  and  moist. 
The  external  or  attached  surface  adheres  partly  to  the  parietes  of  the 
abdomen  and  pelvis,  and  partly  to  the  outer  surface  of  the  viscera 
situated  within  them.  The  parietal  portion  is  connected  with  the 
fascia  lining  the  abdomen  and  pelvis  by  means  of  a layer  of  areolar 
tissue,  distinct  from  the  abdominal  fascue,  and  named  the  subpentoneal 
layer  ; it  is  more  firmly  adherent  along  the  middle  line  of  the  body  in 
front,  as  well  as  to  the  under  surface  of  the  diaphragm.  The  visceral 
portion,  which  is  thinner  than  the  other,  affords  a more  or  less  complete 
covering  to  most  of  the  abdominal  and  pelvic  organs. 

The  folds  of  the  peritoneum  are  of  various  kinds.  Some  of  them, 
constituting  the  mesenteries , connect  certain  portions  of  the  intestinal 
canal  with  the  posterior  wall  of  the  abdomen;  they  are,  the  mesentery 
properly  so  called  for  the  jejunum  and  ileum,  the  meso-Ccecum,  trans- 
verse and  sigmoid  meso-colon,  and  the  meso-rectum.  Other  duplica- 
tures  exist,  which  are  called  omenta ; they  are  the  great  omentum  or 
epiploon,  the  small  omentum,  and  the  gastro-splenic  omentum.  Lastly, 
certain  reflexions  of  the  peritoneum  from  the  walls  of  the  abdomen  or 
pelvis  to  viscera  which  are  not  portions  of  the  intestinal  canal,  are 
named  ligaments:  such  are  the  ligaments  of  the  liver,  spleen,  uterus,  and 

bladder.  _ .... 

These  folds  or  ligaments  will  be  specially  described  with  the  viscera 

with  which  they  are  connected. 

Like  other  serous  membranes  the  peritoneum  is  continuous  through- 
out its  whole  extent,  and  its  continuity  may  be  traced  from  any  one 
point  to  any  other  near  or  distant ; but  the  description  of  this  will 
be  most  readily  understood  after  an  account  has  been  given  of  the 
several  viscera  to  which  the  membrane  is  related. 
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the  stomach. 

The  oesophagus,  as  already  said,  terminates  in  the  stomach,  from 
which  the  intestine  leads  off. 

This  organ  is  seated  in  the  left  hypochondriac  and  the  epigastric 
regions,  extending  somewhat  into  the  right  hypochondrium.  It  lies  in 
part  against  the  anterior  wall  of  the  abdomen,  and  in  part  beneath  the 
liver  and  diaphragm,  and  above  the  transverse  colon. 

In  shape  it  is  somewhat  conical  or  pyriform.  The  left  extremity 
{fig.  244,  c),  is  the  larger,  and  is  named  the  cardiac,  great  or  splenic 
end.  The  right  or  small  end  is  also  named  the  pgloric  extremity. 
Of  its  two  orifices,  the  one  by  which  food  enters  from  the  oesophagus 
is  named  the  cardiac  orifice  (o),  the  other,  by  which  it  passes  into  the 
duodenum,  and  which  is  placed  on  a somewhat  lower  level,  and  more 
forwards,  is  the  pgloric  orifice  (p). 

The  cardiac  orifice  is  two  or  Fig.  244. 

three  inches  from  the  great  ex- 
tremity, which  projects  to  the 
left,  forming  the  great  cul-de-sac 
or  fundus. 

Between  the  cardiac  and  the 
pyloric  orifices,  the  outline  of  the 
stomach  is  curved  along  its  upper 
and  lower  borders.  The  upper 
border,  about  three  or  four  inches 
in  length,  is  concave,  and  is 
named  the  lesser  curvature  ( l ) ; 
while  the  lower  border,  which 
is  much  longer,  and,  except  to- 
wards the  pylorus,  convex,  forms 
the  greater  curvature  (a). 

Towards  the  pylorus,  the  small 
end  of  the  stomach  describes  a 
double  bend,  opposite  to  the  first 

turn  of  which  is  a prominence  or  bulging,  sometimes  named  the 
small  cul-cle-sac  or  antrum  pylori  (cl). 

Dimensions.— These  vary  greatly  in  different  subjects,  and  also 
according  to  the  state  of  distension  of  the  organ.  When  moderately 

the  wuWf^n8ffcVS  a5OUt\te2  01:  twclve  inches;  and  its  diameter  at 
ntLw  mrKP  n flf01?  f°Ur  t0  five  mches-  Ifc  weiShs>  when  freed  from 

w&STft  tt™"(SSLn“dg)a  Wf  “ the  maIe’ and  6ome- 

Tihe-b0r?e?  of  tbe  sfcomach  are  connected  with  folds 
connecte^with  the  ,wbo  Thus,  the  superior  border  is 

toneum  the  o-nSfrn  ilpC  - sulface  °i  liver  by  a duplicature  of  peri- 
cardia  between  if  ®BSer  omentum,  and  at  the  left  of  the 

phrenic  ligament  • tn'Vi  laf.iraS'T  is  a small  fold  termed  the  gastro- 
u^ntum,  beneath * which ^is6 th^fn°r  b°rdei\is  “d  the*  great 
the  left  extremity  it  is  connected” f th?  C°l01?’  wMle  afc 
of  peritoneum,  continuous  with  thl  \ th  i Splf£  by  a duPIlcafcure 
and  named  the  o-osi-vn  c,  i • 1 cp'  border  of  the  great  omentum, 
ana  named  the  gastro-splemc  ligament.  The  bloodvessels  and  lyin’ 


Fig.  244. — Diagrammatic  Outline  op 
the  Stomach. 

a,  great  curvature ; b,  lesser  curva- 
ture ; c,  left  end,  great  cul-de-sac,  or 
fundus ; d,  small  cul-de-sac,  or  antrum 
pylori ; o,  oesophageal  orifice  or  cardia  ; 
p,  duodenal  orifice  or  pylorus. 
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phatics  of  the  stomach  pass  within  these  duplicaturcs  of  the  membrane, 
and  reacli  the  organ  along  its  two  curvatures.  Its  anterior  and  posterior 
surfaces  are  free,  smooth,  and  covered  with  peritoneum.  The  anterior 
surface,  which  is  directed  upwards  as  well  as  forwards,  is  in  contact 
above  with  the  diaphragm  and  the  under  surface  of  the  liver,  and  lower 
down  with  the  abdominal  parietes  opposite  the  epigastric  region,  which 
is  hence  named  the  pit  of  the  stomach.  The  posterior  surface  is  turned 
downwards  and  backwards,  and  rests  upon  the  transverse  meso-colon, 
behind  which  are  the  pancreas  and  great  vessels  of  the  abdomen. 

At  its  cardiac  orifice  it  is  continuous  with  the  gullet,  and  is  there 
fixed  by  a reflection  of  peritoneum  to  the  oesophageal  opening  in  the 
diaphragm.  The  pyloric  extremity,  situated  lower  down,  nearer  to 
the  surface,  and  having  greater  freedom  of  motion,  is  continuous  with 
the  duodenum,  is  covered  by  the  concave  surface  of  the  liver,  and  in 
some  cases  touches  the  neck  of  the  gall-bladder. 

When  the  stomach  is  distended,  its  position  and  direction  are 
changed.  The  great  curvature  is  elevated  and  at  the  same  time  car- 
ried forwards,  whilst  the  anterior  surface  is  turned  upwards,  and  the 
posterior  surface  downwards. 


STRUCTURE. 

The  stomach  has  four  coats,  named,  in  order  from  without  inwards, 
the  serous,  muscular,  areolar  or  submucous,  and  mucous  coats  (fig.  245). 
Taking  all  the  coats  together,  they  are  thinner  than  those  of  the  oeso- 
phagus, but  rather  thicker  than  those  of  the  intestines  generally.  They 
are  thickest  at  the  pyloric  end,  and  thinnest  in  the  great  cul-de-sac. 

Fig.  245.  — Diagrammatic  Yiew  in  Perspective 
of  a Portion  of  the  Coats  of  the  Stomach 
and  (Duodenum,  including  the  Pylorus 
(Allen  Thomson). 

g,  the  inner  surface  of  the  gastric  mucous 
membrane  ; g',  section  of  the  mucous  membrane 
with  the  pyloric  gastric  glands  ; v,  the  villous  sur- 
face of  the  mucous  membrane  of  the  duodenum  : 
i,  section  of  the  same  with  the  intestinal  glands 
or  crypts  of  Lieberkiihn ; p p,  the  ridge  of  the 
pyloric  ring,  with  a section  of  its  component 
parts  ; m i,  deep  or  circular  layer  of  muscular 
fibres  : these  are  seen  in  the  section  to  form  the 
pyloric  sphincter  ; m e,  external  or  longitudinal 
layer  of  muscular  fibres  ; s,  the  serous  covering. 

The  external  or  serous  coat  (s),  derived  from  the  peritoneum,  is  a 
thin,  smooth,  transparent,  and  elastic  membrane  which  closely  covers 
the  entire  viscus,  excepting  along  its  two  curvatures.  Along  the  line 
of  these  curvatures  the  attachment  is  looser,  leaving  an  interval  occu- 
pied by  the  larger  blood-vessels. 

The  second  or  muscular  coat,  is  composed  of  plain  muscular  tissue, 
forming  three  sets  of  fibres,  disposed  in  layers,  and  named,  from  their 
direction,  the  longitudinal,  the  circular,  and  the  oblique  fibres. 

The  first  or  outermost  layer  consists  of  the  longitudinal  fibres  (fig. 
245,  me,  fig.  24 G,  A),  which  are  in  direct  continuity  with  those  of  the 
oesophagus.  They  spread  out  in  a radiating  manner  from  the  cardiac 
orifice,  and  are  found  in  greatest  abundance  along  the  curvatures,  espe- 


Fig.  245. 
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daily  the  lesser  one.  On  the  anterior  and  posterior  surfaces  they  are 
very  thinly  scattered,  or  scarcely  to  be  found,  but  towards  the  pylorus 


are  well  marked  and  form  n J 

vol.  ii.  hlck  uniform  layer,  which,  passing 

A 4. 


Fig.  246.  — Sketch 
of  the  Distri- 
bution of  Mus- 
cular Fibres  in 
the  Stomach 
(Allen  Thomson). 
One-Third  the 
Natural  Size. 


A,  external  layer 
of  longitudinal  fi- 
bres, as  seen  from 
the  outside  ; B, 
middle  layer  of  cir- 
cular fibres  as  seen 
on  removing  the 
longitudinal  layer  ; 
C,  oblique  fibres  ex- 
posed by  removing 
some  of  the  fibres  of 
the  circular  layer,  the 
cut  edges  of  which 
are  seen  below  the 
lesser  curvature  ; c, 
the  cardiac  end  ; p, 
the  pyloric  end  ; in 
A,  the  stronger  longi- 
tudinal fibres  passing 
along  the  lesser  and 
greater  curvatures, 
and  all  round  the 
pyloric  end,  are 
shown,  and  the  radi- 
ating fibres  spreading 
from  the  end  of  the 
gullet  over  the  front 
(and  back)  of  the 
stomach ; in  B,  the 
nearly  uniform  layer 
of  circular  fibres,  in 
two  sets  crossing  each 
other  very  obliquely 
at  o,  and  at  the  car- 
diac end  becoming 
concentric  to  the 
centre  of  the  great 
cul-de-sac  ; in  C,  the 
oblique  fibres,  ob,  ol! 
which  form  a con- 
tinuation of  the  cir- 
cular fibres  of  the 
gullet  (os)  and  spread 
from  the  left  side  of 
the  cardia,  gradually 
merging  into  the 
deeper  circular  fibres 
with  which,  towards 
cas,  they  entirely 
blend. 


cce 
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the  pylorus,  becomes  continuous  with  the  longitudinal  fibres  of  the 

duodenum.  . 

The  second  set  consists  of  the  circular  fibres  (fig.  245,  fig.  240,  b), 
which  form  a complete  layer  over  the  whole  extent  ot  the  stomach. 
They  commence  by  small  and  thinly  scattered  rings  at  the  left  extremity 
of  the  great  cul-de-sac,  describe  larger  and  larger  circles  as  they  sur- 
round the  body  of  the  stomach  concentric  to  its  curved  axis,  and 
towards  the  pyloric  end  again  form  smaller  rings,  and  at  the  same  time 
become  much  thicker  and  stronger  than  at  any  other  point.  At  the 
pylorus  itself,  they  are  gathered  into  an  annular  bundle  (fig.  24o  in 
section),  which  projects  inwards  into  the  cavity,  and  forms,  within 
the  annular  fold  of  mucous  membrane,  the  pyloric  sphincter,  borne  o 
the  circular  fibres  appear  to  be  continued  from  those  of  the  oesophagus, 

spreading  from  its  right  side.  _ . , „ ,, 

1 The  innermost  muscular  layer  is  incomplete,  and  consists  or  the 
oblique  fibres  (fig.  246,0).  These  are  continuous  with  thee areuta ^fibres 
of  the  o-ullet ; they  embrace  the  cardiac  orifice  on  the  left,  wheie  they 
form  a&  considerable  stratum  and  from  that  point  descend  oblique  y 
upon  the  anterior  and  posterior  surfaces  of  the  stomach,  wheie  tl  ey 
Xad  out  from  one  another,  and  taking  the  direction  of  the  circular 
fibres  gradually  disappear.  A similar  set  of  fibres  are  noticed  by  Henle, 
and  more  fully  described  by  Pettigrew  aB  proceeding  from  the nghtside 
of  the  cardia  and  spreading  over  the  front  and  back  of  the  peat  “ bde 
. these  are  in  part  continuous  with  the  circulai  layei.  lhe  oblique 
fibres  are  best  seen  from  the  inside  of  the  stomach,  after  removing  the 

“ TheSa“eolar  ^ or'  submucous  coat  of  the  stomach  is  a distinct  layer 
lilaced  between  the  muscular  and  mucous  coats,  and  connected  with 
both  ■ it  consists  essentially  of  areolar  tissue,  m which  occasional 
fot-cells  may  be  found;  and  it  is  the  seat  of  division  and  passage  of 

%SSS’»r  mucous  coat  is  a smooth,  soft,  rather  thick  and 

steS' 

t to 

the  vascular  redness  is  more  marked the  “™f0ns  is  often 

and  when  examined  m that  condition  it  > ) 

pink  than  at  other  times. 

After  death  a few  home  often 

mottled  and  streaked  in  some  cases  with  exudation  of  the  colouring 

course  of  the  veins.  This  alteration  is  owing  to  the  whom  the 

matter  of  the  blood,  and  is  especially  met  ^ tie  intro- 

mucous  membrane  is  always  th“;  “ acrid  poisons,  it  becomes  of  a bright 

auction  of  irritating  substances  01  of  stion0  aci  1 > Corrosive 

red,  either  all  over  or  in  spot.,  Sit  variously, 

poisons,  the  gastric  juice,  and  sometimes  t * • ® br  yelloly,  in  cases  of 

horn  circumstances 

which  are  not  well  understood. 
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The  mucous  membrane  is  thickest  in  the  pyloric  region,  and  thinnest 
in  the  great  cul-de-sac.  It  always  becomes  thinner  in  old  age. 

It  is  connected  with  the  muscular  coat  by  means  of  the  intervening 
submucous  layer  so  loosely  as  to  allow  of  considerable  movement  or 
displacement.  In  consequence  of  this,  and  of  the  want  of  elasticity  of 
the  mucous  membrane,  the  internal  surface  of  the  stomach,  when  that 
organ  is  in  a contracted  state,  is  thrown  into  numerous  convoluted 
ridges,  ruga,  which  are  produced  by  the  wrinkling  of  the  mucous, 
together  with  the  areolar  coat,  and  are  entirely  obliterated  by  disten- 
sion of  the  stomach.  These  folds  are  most  evident  along  the  greater 
curvature,  and  have  a general  longitudinal  direction. 

On  examining  the  gastric  mucous  membrane  closely  with  the  aid  of 
a simple  lens,  it  is  seen  to.  be  marked  throughout,  but  more  plainly 
towards  the  pyloric  extremity,  with  small  depressions  named  alveoli * 
which  have  a polygonal  figure,  and  vary  from  about  ^th  to  ^th 
of  an  inch  across,  being  larger  and  more  oblong  near  the  pylorus. 

Towards  the  pyloric  region  of  the  stomach  the  margins  of  these 
alveoli  are  elevated  into  pointed  processes  or  fringes,  which  may  be  com- 
pared to  rudimentary  villi,  the  perfect  forms  of  those  appendages  ex- 
isting only  m the  small  intestine,  and  making  their  appearance  in  the 
duodenum,  immediately  beyond  the  pylorus. 

The  thick  stratified  epithelium  of  the 
oesophagus  passes  abruptly  at  the  cardia 
into  a simple  layer  of  columnar  epithe- 
lium, which  completely  covers  the  inner 
surface  of  the  stomach,  and  extends  to 
a variable  distance  into  the  mouths  of  the 
gastric  glands. . It  agrees  essentially  with 
the  similar  epithelium  which  covers  the 
intestine,  and  which  will  be  afterwards 
more  particularly  described. 

As  first  shown  by  Sprott  Boyd,  the 
•alveoli  are  dotted  all  over  with  small 
round  apertures,  which  are  the  mouths  of 
minute  tubular  glands  {gastric  glands ), 
placed  perpendicularly  to  the  surface, 
closed  at  their  deep  extremity,  which  ex- 
tends almost  to  the  submucous  areolar 
tissue,  and  opening  at  the  other  end  on 
the  inner  surface  of  the  stomach.  On 
making  a vertical  section  of  the  mem- 
slitting  it  to  microscopic 

en  > lv  l?n;v!  ls  seen  t0  c<msist  almost 

MuK’  arranged 
close  to  and  parallel  with  each  other  (fig. 

to  A,  dl.ametei'  varies  from  _A 
tom*ith  to“tw’  "nd  their 
cardiac  “end  of  ” the  °stomachCl1' 1 * f16 

membrane  is  thinnest,  they  ’are^horto  — 
find  are  for  the  most  part 

Portion,  they  gradually  beco^L^n^’ m approachinS thc  P)7p 
* The  ilvenii  ° ant  assurae  fi  more  complies 

' Ve0,‘  ™°  “ stomach-cells  hy  D„v,I 


Fig.  247.— Vertical  Transverse 
Section  of  the  Coats  of  a 
Pig  s Stomach.  30  Diameters 
(from  Kolliker). 

a>  gastric  glands  ; b,  muscular 
layer  of  the  mucous  membrane  ; 
c,  submucous  or  areolar  coat  ; d, 
circular  muscular  layer  ; c,  longi- 
tudinal muscular  layer  ; f.  serous 
coat. 

_ "oric 
complicated 
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form,  for,  though  simple  near  their  orifices,  they  may,  towards  their 
deep  or  closed  extremity,  be  cleft  into  two  or  three,  or  even  eventually* 
into  six  or  eight  branches  (figs.  248  and  249).  The  glands  have  exter- 
nally a basement  membrane,  composed  of  flattened  cells  joined  edge  to 
edge,  and  with  processes  which  on  the  one  side  join  the  retiform  tissue 
of  the  mucous  membrane,  and  on  the  other  side,  more  delicate,  extend 
in  amongst  and  support  the  enclosed  epithelium  cells.* 

Two  kinds  of  glands  are  distinguished,, 
which  differ  from  one  another  both  in 
the  character  of  the  enclosed  cells,  and,  it 
is  believed,  in  the  nature  of  their  secretion. 
Those  of  the  one  kind  (fig.  249,  m),  which 
are  simpler  in  structure  and  fewer  in 
number  than  the  others,  and  are  found 
most  numerously  in  the  pyloric  region,  are 
lined  throughout  by  an  epithelium  which 
is  continuous  with  and  in  many  respects 
similar  to  the  columnar  epithelium  which 
covers  the  general  surface  of  the  stomach 
between  the  mouths  of  the  glands.  In  the 
deeper  parts,  however,  of  these  pyloric 
glands — or  mucous  glands  as  they  have 
been  termed  from  the  supposed  nature  of 
their  secretion — the  lining  cells  become 
shorter  and  more  cubical,  and  according 
to  Ebstein  approach  in  character  to  the 
“ central  ” cells  of  the  other  glands.  These,, 
which  are  commonly  known  as  peptic  glands , 
are  lined  to  a variable  depth  by  the  colum- 
nar epithelium  cells  (fig.  248,  a),  which 
are  then  (at  the  neck  of  the  gland)  suc- 
ceeded by  large  spheroidal  or  ovoidal 
coarsely  granular  cells,  which  have  long 
been  known  as  “ peptic  ” cells  (fig.  248,  c ; 
fiw  249,  p,  1).  Towards  the  bottom  (or 
^2^2“?=*  fundus)  oi  (he  gland,  however,  the  peptic 
the  cells  pressed  out ; 2,  cross  cells  do  not  form  a regular  lining,  but  are 

found  only  here  and  there  (fig.  249,  v,p>,  2) 
producing  generally  an  outward  bulging 
of  the  basement  membrane  where  they 
occur ; the  rest  of  the  tube  is  here  occu- 
pied, except  a small  channel  left  along  the  middle,  by  finely  gianulai, 
polyhedral  or  angular  cells,  which,  from  their  position,  may  be  termed 
the  “ central  ” cells  of  the  gland  (/?.).  According  to  Heidenham,  these 
extend  up  into  the  neck  of  the  gland,  and  become  continuous  with 
the  columnar  epithelium  there. 

It  is  only  quite  recently  that  attention  has  been  more  especially  drawn  to  these- 
central  cells  (Heidenhain,  Hollett).  From  the  changes  which  they  appear  to 
undergo  during  the  functional  activity  of  the  stomach,  Heidenham  was 
infer  that  it  is  these  cells,  and  not  those  ordinarily  known  as  peptic  cells,  w ic 
are  concerned  in  the  secretion  of  pepsin,  hence  he  named  them  the  pnncip  ce  & 

* These  sustentacular  processes  are  much  more  developed  in  *«  #**?“  enhahlT 

animals  (porpoise,  pig)  than  in  those  of  the  human  stomach  (F.  E.  Schultze,  He 


Fig.  248.  — Peptic  Gastric 
Glands  from  the  Dog’s 
Stomach,  magnified  (from 
Frey). 

1,  longitudinal  view ; a,  mouth 
of  the  gland  ; b,  one  of  the  first 
tubular  divisions  of  the  gland ; 
c,  the  single  tubes  partly  occupied 


eiiw  J.  — t ? 

section  near  the  mouth,  showing 
the  epithelial  lining  ; 3,  cross 
section  of  the  simple  tubes,  near 
the  neck  of  the  gland. 
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{Hauptzellen)  of  the  gland.  The  columnar  epithelium  'cells  of  the  mouths  of 
the  glands,  as  well  as  of  the  general  surface,  contain  and  secrete  mucus,  and  are 
•hence  very  readily  transformed 
into  goblet-cells  after  death.  In 
•some  animals,  the  dog,  for 
example,  it  is  found  that  the 
pyloric  part  possesses  only  the 
so-called  mucous  glands ; the 
cardiac  part  only  peptic,  the  two 
kinds  passing,  however,  gradu- 
ally the  one  into  the  other.  In 
the  human  subject,  however, 
the  two  kinds  of  glands  are  less 
•distinctly  separated. 

Between  and  at  the  base 
•of  the  glands  the  mucous 
membrane  consists  of  a 
delicate  connective  tissue 
with  retiform  or  lymphoid 
tissue  in  small  amount. 

The  stomachs  of  young 
persons,  to  all  appearance 
healthy,  sometimes  present 
a mammillated  aspect,  due 
to  little  elevations  of  the 
surface,  which  are  produced 
by  local  accumulations  of 
lymphoid  tissue,  and  some- 
what resemble  the  solitary 
follicles  of  the  intestine  in 
appearance.  The  lymphoid 
accumulations  in  question 
are,  however,  situated 
amongst  the  glands  near  the 
surface  of  the  stomach,  and 
■do  not  extend  into  the  sub- 
mucous tissue  ; moreover 
they  are  not  distinctly  cir- 
cumscribed, but  fade  off  into 
the  surrounding  retiform 
tissue. 

A thin  layer  of  plain  mus- 
cular tissue  ( musGidaris  mu - 
co.sre)  bounds  the  mucous 
membrane  externally,  sepa- 

sistsSof  more1  tlmVon^trah  tlS/UG  24,7’  Tt  commonlJ  con 
circular),  and  is  better  -n  -^an  oufcer  longitudinal  and  an  innc: 
sets  pass  from  it  between  m some  animals  than  in  man.  Off 
the  mucous  membrane.  le  ^astric  glan<ls  towards  the  surface  o: 


Fig.  249. — Gastric  Glands  from  the  Don’s 
Stomach,  Highly  Magnified. 

P.  Portions  of  a “Peptic”  Gland. 

l,  neck  of  the  gland  ; 2,  fundus  ; 3,  transverse 

SefwTT:  PRP**C  ce^s  (Belegzellen)  ; h,  central 

cells  (Hauptzellen)  ; c,  ends  of  columnar  cells  (after 
Heulenhain). 

M.  A Pyloric  or  Mucous  Gland. 

m,  mouth ; n,  neck ; tr,  a deep  portion  cut 
transversely  (after  Ebstein). 


"Vessels  and.  Nerves. ^Tho  t 

branches,  derived  from  all  throo^r3^  ^ a highly  vascular  organ.  Its  arterial 
between  the  folds  of  the  periton o 1V1S10US  °t  the  coeliac  axis,  reach  the  stomach 
principal  arterial  arches  whinP  "m’  a!1:^  torm,  by  anastomosing  together,  two 

aie  place!  along  its  two  curvatures.  After 
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ramifying  between  the  several  coats  and  supplying  them  with  blood  (especially 
giving  off  numerous  capillaries  to  the  muscular  coat)  and  after  dividing  into  very 
small  vessels  in  the  submucous  areolar  tunic,  the  ultimate  arterial  branches  (fig. 
260,  a)  enter  the  mucous  membrane,  and  ramifying  freely,  pass  to  its  surface 

between  the  tubuli ; here  they  form  a plexus  (rf) 
of  fine  capillaries  upon  the  walls  of  the  tubules  ; 
and  from  this  plexus  larger  vessels  pass  into  a 
coarser  capillary  network  around  the  mouths  of 
the  glands  and  upon  the  hexagonal  borders  of  the 
alveoli.  The  veins,  fewer  in  number  than  the 
arteries,  arise  from  the  latter  network,  and  take  an 
almost  straight  course  (e,  c)  through  the  mucous 
membrane  between  the  glands.  - After  piercing 
the  muscularis  mucosa;  and  forming  a wide  venous 
plexus  in  the  submucous  tissue,  they  return  the 
residual  blood  into  the  splenic  and  superior  mes- 
enteric veins,  and  also  directly  into  the  vena 
portae.  By  the  breaking  up  of  the  arteries  into 
capillaries  on  the  walls  of  the  glands,  these  are 
furnished  with  pure  blood  for  the  elaboration  of 
their  secretion  ; while  it  is  the  blood  from  which 
that  secretion  has  been  drawn  which  passes  on 
to  the  capillaries  of  the  free  surface,  and  has 
added  to  it  whatever  materials  may  be  taken 
into  the  circulation  from  the  contents  of  the 
stomach. 

The  lymphatics  are  very  numerous.  As  shown 
by  Lovin,*  they  arise  in  the  mucous  membrane 
(fig.  251)  by  a dense  network  of  vessels,  situate 
between  and  amongst  the  gland-tubuli.  which, 
as  well  as  the  blood-vessels,  in  many  parts  they 
enclose  in  sinus-like  dilatations.  Near  the  sur- 
face of  the  membrane  they  form  loops  or  possess 
dilated  extremities  ; in  all  cases  they  appear  to 
be  less  superficial  than  the  blood-capillaries. 
At  the  deeper  part  of  the  mucous  membrane 
they  pass  into  a plexus  of  fine  vessels  (5), 
immediately  underlying  the  tubular  glands ; 
piercing  then  the  muscularis  mucosa  (n) they 
form  a coarser  deeply-situated  network  (c)  in  the 
submucous  coat ; the  vessels  proceeding  fiom 
this  network  pierce  the  muscular  coats,  then  follow  the  direction  of  the  Blood- 
vessels beneath  the  peritoneal  investment,  and  traverse  lymphatic  glands  toun^ 

along  the  two  curvatures  of  the  stomach.  ...  , » 

The  nerves,  which  are  large,  consist  of  the  terminal  branchesofthe  two- 
nneumo-gastric  nerves,  belonging  to  the  cerebro-spmal  system,  and  of  offsets  Horn 
Se™pgathetic  system,  deriSd  from  the  solar  plexus  The  eft  pn  wastoe 
nerve  descends  on  the  front,  and  the  right  upon  the  back  of  the  stomach. 
Numerous  small  ganglia  have  been  found  by  Remak  and  ot  eis  on 
pneumo-gastric  and  sympathetic  twigs.  The  nerves  form  gangliated  plexuse* 
both^between  the  layers  of  the  muscular  coat  and  in  the  submucous  coat. 
Their  ultimate  ending  has  not  been  traced. 

The  pylorus.— While  there  is  no  special  apparatus  at  the  cardiac 
orifice  of  the  stomach  for  closing  the  passage  from  the  oesophagus,  i 
opening  at  the  pyloric  end,  leading  from  the  stomach  in 
duodenum,  is  provided  with  a sphincter  muscle.  Ou  looking  m 


Fig.  250.  — Flan  of  Blood- 
vessels of  Stomach  (from 
Brinton). 

a,  small  arteries  passing  up 
from  submucosa  to  break  up  iuto 
the  fine  capillary  network,  d,  be- 
tween the  glands  ; b,  coarser 
capillary  network  around  the 
mouths  of  the  glands  ; c,  c,  veins 
passing  vertically  downwards  from 
the  superficial  network  to  join 
into  larger  trunks  ; e,  in  the  sub- 
mucosa. (The  arteries  in  the 
submucous  coat  do  not  anastomose 
so  freely  as  here  represented. ) 


* Om  lymfvagama  i magsiickens  slemhinna.  Nord.  Med.  Arkiv,  IS/ 3. 
Watney,  in  Centr.  f.  d.  Med.  Wiss.  48,  1S74. 


See  also  II. 
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pyloric  end  of  the  stomach,  the  mucous  membrane  is  seen  projecting  in 
the  form  of  a circular  fold,  called  th q pylorus,  leaving  a correspondingly 
narrow  opening  (fig.  2GG,  Within  this  fold  are  circular  muscular 
fibres,  belonging  to  • the 
general  system  of  circular 
fibres  of  the  alimentary 
canal,  which  are  here  col- 
lected in  the  form  of  a 
strong  band,  whilst  the  lon- 
gitudinal muscular  fibres 
and  the  peritoneal  coat  pass 
over  the  pyloric  fold  to  the 
duodenum,  and  do  not  enter 
into  its  formation  (fig.  258). 

Externally  the  pylorus  may 
be  easily  felt,  like  a thick- 
ened ring,  at  the  right  end 
of  the  stomach,  where  also 
a slight  external  constriction 
is  visible.  Internally  its 
opening  is  usually  circular 
and  less  than  half  an  inch 
across,  so  that  it  is  the 
narrowest  part  of  the  whole 
alimentary  canal. 

Occasionally  the  orifice  is 
oval,  and  it  is  often  placed  a 
little  to  one  side.  Sometimes 
the  circular  rim  is  imperfect, 
and  there  are  found  instead 
two  crescentic  folds,  placed  one 
above  and  the  other  below  the  passage  (Hnschke) 
ally  but  one  such  crescentic  fold. 


Fig.  251. — Lymphatics  op  the  Human  Gastric 
Mucous  Membrane,  Injected  (from  Loveu). 

The  tubules  are  only  faintly  indicated  ; a,  muscu- 
laris  mucoste  ; b,  plexus  of  fine  vessels  at  base  of 
glands ; c,  plexus  of  larger,  valved  lymphatics  in 
submucosa. 


and,  lastly,  there  is  occasion- 


THE  SMALL  IETTESTIINE. 

The  small  intestine  (fig.  252,  d,  j,  i)  commences  at  the  pylorus, 
and  after  many  convolutions  terminates  in  the  large  intestine.  It 
'measures  on  an  average  about  twenty  feet  in  length  in  the  adult, 
and  gradually  becomes  slightly  narrower  from  its  upper  to  its  lower 
end.  Its  convolutions  occupy  the  middle  and  lower  part  of  the 
abdomen,  and  are  surrounded  by  the  large  intestine.  They  are  con- 
nected with  the  back  of  the  abdominal  cavity,  and  are  held  in  their 
position  by  a fold  of  the  peritoneum,  named  the  mesentery,  and  by 

numerous  blood-vessels  and  nerves. 

w!hCrfna11  mtcstme  is  arbitrarily  divided  into  three  portions,  which 
uml  1 Td  d vemit  names  * the  or  twelve  inches  inl- 
and mnJ  stomach,  and  comprehending  the  widest 

two-fifth r (;/nPait  ° - ^ tube,  being  called  the  duodenum,  the  upper 
three  fifths  thp1  named  the  jejunum,  and  . the  lower 

behvue,' ^ nso  ib  .^m;/i  lere  are  110  distinct  lines  of  demarcation 
tion  and  pprhin  Pai’ts,  but  there  are  certain  peculiarities  of  connec- 
hon  and  certain  dilte, -cnees  of  internal  structure  to  be  observed  in 
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comparing  the  upper  and  lower  ends  of  the  entire  tube,  which  will 
be  pointed  out  after  it  has. been  described  as  a whole. 


Fig.  252. 


STRUCTURE  OF  THE  SMALL 
INTESTINE. 

The  small  intestine,  like  the 
stomach,  is  composed  of  four 
coats,  viz.,  the  serous  or  peri- 
toneal, muscular,  areolar,  and 
mucous. 

The  external  or  serous  coat 
almost  entirely  surrounds  the  in- 
testinal tube  in  the  whole  extent 
of  the  jejunum  and  ileum,  leav- 
ing only  a narrow  interval  be- 
hind, where  it  passes  off  and  be- 
comes continuous  with  the  two 
layers  of  the  mesentery.  The 
line  at  which  this  takes  place  is 
named  the  attached  or  mesenteric 
border  of  the  intestine.  The 
duodenum,  however,  is  but 
partially  covered  by  the  peri- 
toneum. 

The  muscular  coat  consists  of 
two  layers  of  fibres  ; an  outer 
longitudinal,  and  an  inner  or 
circular  set.  The  longitudinal 
fibres  constitute  an  entire  but 
comparatively  thin  layer,  and  are 
most  obvious  along  the  free  bor- 
der of  the  intestine.  The  cir- 
cular layer  is  thicker  and  more 
distinct  and  its  fibres  are  placed 
more  closely  together,  clefts  how- 
ever being  left  here  and  there 
between  the  bundles. 

The  muscular  tunic  becomes 
oradually  thinner  towards  the 
lower  part  of  the  small  intestine. 
It  is  pale  in  colour,  and  is  com- 
posed of  plain  muscular  tissue,  the  cells  of  which  are  of  considerable 
length.  The  progressive  contraction  of  these  fibres, 
any  part  of  the  intestine,  and  advancing  m a downward  direct , , 

produces  the  peculiar  vermicular  or  peristaltic  mmemci  y 
the  contents  are  forced  onwards  through  the  canal  In  ^ move 
ment  the  circular  fibres  are  mainly  concerned  ; the  longitu 
fibres  also  aid  in  it;  and  those  found  along  the  free  boidei  o 
intestine  may  have  the  effect  of  straightening  or  unfolding,  as  it  were, 

%Shr^l“suWcons  coat  of  the  smell  intestine  is  a tolerably 
distinct  and  whitish  layer,  of  a loose  texture,  which  !s  “““  tw0 
firmly  with  the  mucous  than  with  the  muscular  coat,  betwee 


Fig.  252.—  Diagram  of  the  Abdominal 
part  of  the  Alimentary  Canal  (Brinton). 

c,  the  cardiac,  and  p,  the  pyloric  end  of 
the  stomach;  d,  the  duodenum;  J,  I,  con- 
volutions of  the  small  intestine  , cc, 
csecum,  with  the  vermiform  process  ; ac, 
ascending,  TC,  transverse,  and  DC,  de- 
scending colon  ; sf,  sigmoid  flexure  ; R, 
rectum  ; A,  anus. 


VALVUUE  CONNIVENTES. 
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it  is  placed.  By  turning  a portion  of  the  intestine  inside  out,  and  then 
blowing  forcibly  into  the  cavity,  the  areolar  tunic’ may  be  inflated,  the 
air  being  driven  into  its  areolar  tissue  through  the  part  at  which 


Fig.  253. — Diagrammatic  View  in  Perspective 
of  a Portion  of  the  Coats  of  the  Stomach 
and  Duodenum,  including  the  Pvlorus 
(Allen  Thomson). 

g,  inner  surface  of  the  gastric  mucous  mem- 
brane ; g',  section  of  the  mucous  membrane  with 
the  pyloric  gastric  glands  ; v,  the  villous  surface 
of  the  mucous  membrane  of  the  duodenum  ; i, 
section  of  the  same  with  the  intestinal  glands  or 
crypts  of  Lieberkiihn  ; pp,  the  ridge  of  the 
pyloric  ring,  with  a section  of  its  component 
parts  ; mi,  deep  or  circular  layer  of  muscular 
fibres  : these  are  seen  in  the  section  to  form 
the  pyloric  sphincter;  me,  external  or  longi- 
tudinal layer  of  muscular  fibres ; s,  the  serous 
covering. 


Fig.  254. 


the  peritoneal  investment  is  wanting.  It  supports  the  mucous  mem- 
brane, and  forms  a layer  of  loose  substance  in  which  the  vessels  divide 
and  subdivide  into  smaller  branches,  preparatory  to  entering  that  mem- 
brane. It  consists  of  areolar  tissue,  mixed  with  fine  elastic  fibres. 

The  internal  coat  or  mucous  membrane,  is  characterised  by  present- 
ing all  over  its  inner  surface  a finely  flocculent  or  shaggy  appearance, 
like  the  pile  upon  velvet,  owing  to  its  being  thickly  covered  with 
minute  processes,  named  villi ; hence  it  is  also  named  the  villous  coat. 
It  is  one  of  the  most  vascular  membranes  in  the  whole  body,  and  is 
naturally  of  a reddish  colour  in  the  upper  part  of  the  small  intestine, 
but  becomes  paler,  and  at  the  same  time  thinner,  towards  the  lower  end. 
I is  covered  like  that  of  the  stomach  with  a columnar  epithelium 
noughout  its  whole  extent,  and  next  to  the  submucous  coat  is  bounded 
by  a layer  of  plain  muscular 
tissue  ( musciilciris  mucosa ) ; 
between  this  and  the  epithe- 
lium the  substance  of  the  mem- 
brane, apart  from  the  tubular 
glands  which  will  be  afterwards 
described,  consists  mainly  of 
retiform  tissue  which  supports 
the  blood-vessels  and  lacteals, 
and  encloses  in  its  meshes 
n umerous  lymph-corpuscles. 

I he  folds  and  wrinkles  found 
upon  the  inner  surface  of  the 
oesophagus  and  stomach  may 
be  completely  obliterated  by 

membraneTf1  the  small  SsK  f allmenta1^  canaL  In  the  lining 
effaceable  folds,  oth^S^a^IflS;  TT’  there  exist  besides  such 
Avhen  the  tube  is  foroihlvV0?  Tj8’  cann°t  be  obliterated,  even 
valvnlae  Cannes V ^dedV  permanent  folds  are  the 

crescentic  proems  of  the °f  <fi*  254)'  They  are 

the  course  of  the  bowel  each  ]°llS  membrane,  P^ced  transversely  to 
Wel>  eachof  them  reaching  about  one-lialf  or  two- 


Fig.  2d4.  Portion  of  Small  Intestine  laid 
open  TO  show  the  Valvulas  Conniventes 
(Briuton). 
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thirds  of  the  distance  round  the  interior  of  the  tube,  and  they  follow 
closely  one  upon  another  along  the  intestine.  The  largest  are  about  2., 
inches  long  and  & of  an  inch  wide  at  the  middle  or  broadest  part.  Large 
and  small  ones  are  often  found  to  alternate  with  each  other,  borne  ot 
them  are  bifurcated  at  one  end,  and  others  terminate  abruptly,  appearing 
as  if  suddenly  cut  off.  Each  consists  of  a fold  of  the  mucous  membrane, 
that  is,  of  two  layers  placed  back  to  back,  united  together  by  thc  sub- 
mucous areolar  tissue.  They  contain  no  part  of  the  circular  01  of  the 
longitudinal  muscular  coats.  Being  extensions  of  the  mucous  membrane, 
they  serve  to  increase  the  absorbent  surface  to  which  the  food  is  exposed, 
and  are  said  to  contribute  to  delay  its  passage  along  the  mtestme. 

There  are  no  valvulfe  conmventes  quite  at  the  commencement  of  . 
duodenum  ; a short  distance  from  the  pylorus  they  begin  to  appeal, 
beyond  the  point  at  which  the  bile  and  pancreatic  juice  are  poured 
into  the  duodenum  they  are  very  large  regularly  c^ef 
and  placed  so  near  to  each  other  that  the  intervals  between  them  are 
not  greater  than  the  breadth  of  one  of  the  valves  ; the7  continue  thus 
through  the  rest  of  the  duodenum  and  along  the  uppei  half  of 
ieiunum ; below  that  point  they  begin  to  get  smaller  and  farther  apart ; 
and  finally  towards  the  middle  of  the  ileum,  having  gradually  become 
more  and  more  irregular  and  indistinct,  sometimes  even  acquiring  a 

very  oblique  direction,  they  altogether  disappear.  _ internal 

The  villi,  peculiar  to  the  small  intestine,  and  giving  to  its  internal 
surface  the  velvety  or  villous  appearance  already  spoken  of,  a e 
small  processes  of  the  mucous  membrane,  which  are  closely  set  on 
every  part  of  the  inner  surface  of  the  small  intestine  over  the  valvulee 
conmventes  as  well  as  between  them.  They  are  best  displayed L bj 
placing  a piece  of  intestine,  well  cleansed  from  its  mucus,  undei  Wc  , 

and  examining  it  with  a simple  lens.  . „ 0k7\  . 

' The  villi  are  as  a rule,  conical  and  flattened  m form  (figs.  2oo,  2o/). 
thTrhekfength  varies  from  *th  to  Jrd  of  a line,  or  even  more ; and^l.e 

total  number  to  be  at  least  four  millions.  ,pr  rrmcous 

In  structure  a villus  consists  of  a P^gatron  of  the  P^“ 
membrane,  and  is,  like  that,  coveiod  by  1 j aIH|  a few  plain 

work  of  blood-vessels,  one  or  more  lacteal  vesse  , to„ether  by 

"St  SSffiSffiS 

villus,  where  it  begins  to  break  up  mt0  * . 1 d limPitincr  membrane, 

form  near  the  surface  beneath  the  epithelmi  « ^ ‘ for  the  most 
a fine  capillary  network,  from  which  the  blood  is  returned. 


STRUCTURE  OF  THE  YILLI. 
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Fig.  255.  — Mag- 
nified Yiew  of 
the  Blood-ves- 
sels of  the  In- 
testinal Villi. 


Tlie  drawing  was 
taken  from  a pre- 
paration injected  by 
JLieberkiihn,  and 
shows  in  each  villus 
a small  artery  and 
vein  with  the  inter- 
mediate capillary 
network. 


Fig.  255. 


Fig.  256.  — Injected  Lacteal 
Vessels  in  the  Villi  of  the 
Human  Intestine. 

A,  two  villi  in  which  the  lacteals 
are  represented  as  filled  with  white 
substance  and  the  blood-vessels 
with  dark  : 100  diameters  (Teick- 
mann).  a,  b,  the  lacteal  vessels, 
single  in  one  villus  and  double  in  the 
other  ; c,  the  horizontal  lacteal  ves- 
sels with  which  those  of  the  villi 
communicate  ; d,  the  blood-vessels, 
consisting  of  small  arteries  and  veins 
wdtli  capillary  network  between. 

B,  injected  lacteal  (shaded  dark) 
in  a villus,  showing  an  example 
not  very  common  of  a looped  net- 
work a,  which  is  connected  by  a 
single  vessel  with  the  horizontal 
lacteal  vessel  b : the  preparation 
was  made  from  the  intestine  of 
a young  man  who  died  suddenly 
while  digestion  was  going  on  : 80 
diameters  (from  W.  Ivrause). 


A Fig.  256.  B 


Fig.  257.  — Vertical  Section  of 
the  Intestinal  Mucous  Mem- 
brane of  the  Rabbit  (slightly 
altered  from  Frey). 

Two  villi  are  represented,  in  one 
of  which  the  dilated  lacteal  alone  is 
shown,  in  the  other  the  blood- 
vessels and  lacteal  are  both  seen 
injected,  the  lacteal  white,  the 
blood-vessels  dark  : the  section  is 
carried  through  the  tubular  glands 
into  the  submucous  tissue  : a,  the 
lacteal  vessels  of  the  villi ; a',  hori- 
zontal lacteal,  which  they  join  * b 
capillary  blood-vessels  in  one  of  the 
villi ; c,  small  artery  ; d,  vein  ; 

Vie  epithelium  covering  the 
villi ; gt  tubular  glands  or  crypts  of 
Lieberkiihn,  some  divided  in  the 
middle,  others  cut  irregularly  ; i 
the  submucous  layer. 

A,  cross  section  of  three  tubular 
glands  more  highly  magnified. 


Fig.  257. 


* 
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part  by  a single  vein,  which  in  man  commences  near  the  tip  of  the 
villus,  and  passes  through  the  mucous  membrane  into  the  submucosa 
without  receiving  lateral  twigs.* 

The  lacteal  lies  in  the  centre  of  the  villus  (figs.  256,  257),  and  is  in 
the  smaller  villi  usually  a single  vessel,  with  a closed  and  somewhat 
expanded  extremity,  and  of  considerably  larger  diameter  than  the 
capillaries  of  the  blood-vessels  around.  According  to  the  observations 
of  Teichmann,  there  are  never  more  than  two  intercommunicating 
lacteals  in  a single  villus  in  the  human  subject ; but  both  he  and  Frey 
found  a copious  network  in  the  villi  of  the  sheep.  Like  the  lymphatics 
elsewhere,  the  lacteals  in  the  villi  are  bounded  by  a delicate  layer  of 
flattened  epithelioid  cells.  These  are  connected  with  the  branched  cells 
of  the  retiforui  tissue,  and  these  again  with  the  flattened  cells  which 
form  the  basement  membrane  ; from  the  latter,  prolongations  extend 
between  the  epithelium  cells  towards  the  surface. 


pIG  258  Epithelium  op  the  Intestinal  Villus  op  a Rabbit  (from  Kolliker). 

A,  3-f?;  B, 

A,  series  of  tire  columnar  epithelial  cells  separated  from  a villus  ; a cuticular  mem- 
brane or  border  is  seen  passing  over  the  free  ends  of  the  cells. 

B,  some  of  the  same  cells  showing  the  striation  of  the  border. 


The  columnar  epithelium  cells  (fig.  258),  which  cover  not  only  the 
villi  but  also  the  rest  of  the  surface  of  the  intestine,  and  extend  into  the 
tubular  glands  (fig.  259)  are  granular  in  appearance;  each  with  a clear 
oval  nucleus  and  "a  tapering  extremity  next  the  basement  membrane. 
At  the  free  or  superficial  end  they  present  a distinct  layer  of  highly 
refracting  substance  with  vertical  strife  running  through  it.  This  layer 
was  first  recognised  by  Kolliker  and  by  Funke,  who  both  considered 
the  strife  to  represent  minute  perforating  canals  ; while  Bre turner  and 
Steinach,  and  likewise  Henle,  maintained  them  to  be  solid  rods,  i he 
cells  for  the  most  part  contain  mucus,  which  swells  up  on  the  addition 
of  water,  transforming  them  into  goblet-cells  (see  p.  2 L 1 ) - 

There  has  been  considerable  question  as  to  the  manner  m which  a y 
matters,  which  are  of  course  indiffusible  through  the  moist  animal 
membranes,  find  their  way  from  the  interior  of  the  gut  into  the  com- 
mencement of  the  lacteals.  It  was  formerly  believed  that  the  minute 
fatty  globules  were  conveyed  into  the  interior  of  the  villus  )} 
medium  of  the  columnar  epithelium  cells  of  the  surface,  and  m accoi  - 
ance  with  this  both  Kolliker  and  Bonders  have  described  minute  par- 
ticles of  oil  as  passing  through  the  striated  base  ot  the  cel  s.  ' 

over,  during  digestion,  the  epithelial  cells  become  tin-bid  with 
minute  oil-droplets  in  their  interior;  and  at  a subsequent  stage 
tissue  of  the  villus  generally  appears  pervaded  with  similar  tat  y l * 

* The  general  arrangement  of  the  vascular  supply  of  the  villi  varies  considerably  in 
different  animals. 
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tides,  and  the  central  lacteal  becomes  filled  with  them.  According  to 
our  own  observations,  the  amoeboid  lymph-corpuscles  contained  in  the 
meshes  of  the  retiform  tissue,  and  which  also  extend  amongst  the 
columnar  epithelium  cells  of  the  surface,  become  filled  with  fat  globules 
during  digestion  : and  we  think  it  probable  that  these  cells  may  serve 
as  carriers  of  fatty  matters  into  the  lacteal,  just  as  the  white  blood- 
corpuscles  are  known  to  convey  minute  solid  particles  out  of  the  blood 
vessels  and  into  the  lymphatics.  Other  authorities  are  of  opinion  that 
the  fat  is  conveyed  into  the  lacteal  through  the  branched  cells  of  the 
retiform  tissue. 


With  reference  to  the  presence  of  fat  in  the  epithelium -cells  of  the  intestine, 
it  must  be  borne  in  mind  that,  as  pointed  out  by  Virchow,  the  columnar  epithe- 
lium of  other  parts,  the  bile-ducts  and  gall-bladder,  for  example,  also  becomes 
filled  with  fatty  particles  during  digestion  (although  at  a somewhat  later  stage)  ; 
and  in  these  cases  the  fat  cannot  have  entered  the  cells  by  a process  of  direct 
absorption,  but  must  have  been  elaborated  and  deposited  within  the  cells  them- 
selves, probably  serving  for  them  nutrition. 

The  muscular  tissue  within  the  villus  was  discovered  by  Brucke : it 
consists  of  a thin  stratum,  of  plain  fibre-cells  disposed  longitudinally 
aiound  the  lacteal ; on  being  stimulated  in  animals,  they  produce  an 
obvious  retraction  of  the  villus. 


This  muscular  tissue  is  a prolongation  from  the  muscularis  mucosa; : the  fibre- 
celis  at  the  sides  and  towards  the  end  of  the  villus  pass  from  the  lacteal  to  be 
attached  to  the  basement  membrane  ; usually  them  attachment  to  this  is  forked 
a connective  tissue  corpuscle  filling  up  the  interval  (Watney).* 

. ,Tw°  kmds  of  s,ma11  secretinS  glands  open  on  the  inner  surface  of  the 
intestine,  viz,  the  crypts  of  Lieberkiihn,  and  Brunner’s  glands,  the 

wlT#  PT  'ar  t0  t,h°  <Juoa?“™-  In  addition  to  these?  numerous 
,nodj,lfs  are  fouml,  which  are  either  scattered  and  isolated 
(sohtaiy  glands)  or  collected  into  patches  (Peyer’s  glands). 

, (1°  frypts  of  Liebei-kuhn,  the  smallest  but  most  numerous  of  these 
glandular  structures,  are  found  in  every  part  of  the  small  intest  no 

d‘Sof  r not  so W* ^ 

diameter  is  ihnnf  i fi-i  r °°  mi  ^ io^1  of  & Jine,  and  their 

ouif’bi^Brmfncr^inhi^^tf^  pointed 

numerous  at  the  upper  end  in  a-™  ,uodenilm’  where  they  are  most 
tending  a little  way  from  the  ,™i!  & occupying  thickly  a space  ex- 

be  found  quite  at  the  comment  Uf’  p\!CW  of  th2ra  are  said  also  to 
bedded  in  the  submucoS^  S °f  the  They  are  im- 

muscular  coat  from  the  outside^A?7  b®  ®xp°sed  dissecting  off  the 
resemble  the  small  glands  which  L-e^f  mt^stPe*  In  structure  they 
lining  membrane  of'  the  mouth  a flound  m various  parts  of  the 
* Proceedings  of  the  Royal  t and  elsewhere,  each  consisting  of  a 

4m187i4’1where  also  wil1  bo  found ’orter1^2!  1?74’-  and  Centralblatt,  f.  d.  med.  Wiss. 
villi  and  the  absorption  of  fat.  facts  llavinS  reference  to  the  structure  of  the 
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number  of  saccules  or  alveoli,  situate  at  aTdopens 

the  duct,  which  latter  penetrates  the  musculans  • uJ)ondthcl  in_ 

ner  surface  of 
the  intestine. 
They  present 
transitions 
between  com- 
pound race- 
mose and 
compound 
tubular 
glands.* 

The  soli- 
tary glands 
(g  landulm 

solitarise)  are 
soft,  white, 
rounded,  and 
slightly  pro- 
minent bo- 
dies about  the 
size  of  a 
millet-seed, 
which  are 

found  scat- 
tered over  the 
mucous  mem- 
brane in 
every  part  of 
the  small  in- 

n , ,,,  T tprurkUHN  FROM  THE  Rab-  tCStl  116  (ng- 

™ 8—.  H—  ~ 260).^  They 

between  tit  Epithelium  cells.  T,  areolar  tissue  ; h lumen  of  gland..  ^ ^ ftee 

S"’mo?e™me™us  in“he  lower  portion' rfttS  bowT  Th5>  so-called 


Fig,  260. 


«*•  260,-Soum^u  or  Intestine  (leou, 

, ST  g£?  .^.Tfe7":e^0«PS 

surrounding  surface  of  the  mucous  membrane  numerous  vil 
and  crypts  of  Lieberkuhn. 

elands  are  in  structure  similar  to  the  lymphoid 

retiform  tissue,  the  meshes  of  f ,lefare  here  and  there 

St  um  slC S rrslg  lymphohl  tissue,  but  are  at 
* OcRornlbA.  Arcbiv.  f.  mikr.  Anat.  vm.  18'  • 
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Fig.  261. 


most  points  distinctly  marked  off  from  it,  partly  owing  to  the  fact  that 
their  supporting  retiform  tissue  becomes  closer  and  finer,  partly  owing 
to  their  being  closely  surrounded  by  a rich  plexus  of  lymphatic  vessels  ; 
or  they  may  even  hang,  as  it  were,  into  a lymph  (or  lacteal)  sinus,  which 
entirely  surrounds  the  follicle,  except  above.  The  epithelium  over 
the  follicles  often  shows  a large  number  of  lymph  corpuscles  between 
the  epithelial  cells.  The  main  part  of  the  follicle  is  situated  in  the 
submucous  tissue;  but  it  extends  upwards,  piercing  the  muscular  is 
mucosae,  into  the  mucous  membrane,  causing  a slight  bulging  of  this 
towards  the  interior  of  the  gut  (as  in  fig.  264,  del).  The  prominent 
part  of  the  follicle  has  villi  "upon  it,  and,  placed  around  very  irregu- 
larly, are  seen  the  mouths  of  the  crypts 
of  Lieberkuhn  (fig.  260). 

The  agminated  glands  or  glands  of 
Feyer  (who  described  them  in  1677), 
are  groups  or  patches  of  lymphoid  follicles. 

The  groups  have  an  oblong  figure  (fig.  261), 
and  vary  from  half  an  inch  to  two  or  even 
four  inches  in  length,  being  about  half  an 
inch,  or  rather  more,  in  width  : they  are 
placed  lengthways  in  the  intestine  at  that 
part  of  the  tube  most  distant  from  the 
mesentery  ; and  hence,  to  obtain  the 
best  view  of  them,  the  bowel  should  be 
opened  by  an  incision  along  its  attached 
border. 

The  lymphoid  nodules  (fig.  264)  which 
by  their  aggregation  make  up  a Peyer’s 
patch  are  in  almost  all  respects  similar  to 
the  solitary  glands  above  described.  As 
a rule,  however,  their  surface  is  free  from 
villi,  and  the  crypts  of  Lieberkiilm  are  col- 
lected in  circles  around  the  follicles  (fig. 

262).  In  the  situa  tion  of  Peyer’s  patches, 
the  mucous  and  submucous  coats  of  the 

intestine  adhere  more  closely  together  Fig.  261.— A Small  Patch  op 
than  elsewhere,  so  that  it  is  there  im-  Peter’s  Glands  prom  theIleum. 

impossible  to  inflate  the  areolar  coat.  Slightly  Magnified  (Boehm.) 

Pine  blood-vessels  are  distributed  abundantly  on  the  exterior  of  the 
follicles,  and  g.ve  off  still  finer  capillary  branches,  whUTup”orted  by 

Fig.  262.  Enlarged  View  op 


"t)  — 1"“"““^  UP  A PART  OP  A 

Patch  op  Peter’s  Glands,  showing  poor 
Follicles.  Magnified  about  10  Diameters. 

The  figure  shows  the  surface  of  the  intestinal 
mucous  membrane  over  part  of  a patch  occui  ied 
by  villi  between  which  are  the  orifices  of  the 
crypts  of  Lieberkuhn  ; cxcent  over  t ! f \ ,, 
clcs,  where  there  are  no  villi.  The  emits  of 

“t.  ”e  **  <■ 


Fig.  262. 


ar°  diSP°Sed  PrinCipaU>'  “ converging  to  the 
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Fig.  263. 


Kg.  263.— Portion  of  an  Injected  Peter’s  Patch  (from  Kolliker). 

. _ A * . ^ ~ 1-vrr  T7l»/V«V  • 1+.  TPIIT 


Magnified. 

Fig.  263.— PORTION  OF  A«  “ * ' _ 

,V]  j.,awin„  was  taken  from- a preparation  made  by  Frey:  it  represents  t e ne 
capmar^  nXgo rk^ESig  from  {im^urronnding  blood-vessels  into  the  interior  of 
three  lymphoid  nodules,  from  the  intestine  of  the  rabbit. 


Fig.  264. 


Fig.  264.— Vertical  Section  of  a p0RTI0N,  32  dSmetbS^5’  ™ 

the  Lacteal  Vessels  injected  (after ***>  a villi,  with  their  lacteals  left 
The  specimen  is  from  the  lower  part  of  j ’ 0f  the  mucous  membrane  ; 

white  ; l some  of  the  tubular  S central  part  ; /,  the  reticu- 

‘te  s"bm- 

cous  layer,  i. 
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The  lacteal  plexuses,  which  are  abundant  in  the  whole  extent  of  the 
intestine,  are  especially  rich  where  they  surround  the  follicles  of  Peyer’s 
glands  (fig.  264),  often  forming  sinuses  as  in  the  case  of  the  solitary 
follicles  above  described. 

In  all,  from  twenty  to  thirty  of  these  oblong  patches  may  in  general 
be  found ; but  in  young  persons  dying  in  health,  as  many  as  forty-five 
have  been  observed.  They  are  larger  and  placed  at  shorter  distances 
from  each  other,  in  the  lower  part  of  the  ileum  ; but  in  the  upper  portion 
of  that  intestine  and  in  the  lower  end  of  the  jejunum,  the  patches  occur 
less  and  less  frequently,  become  smaller,  and  are  of  a nearly  circular 
form ; they  may,  however,  be  discovered  occasionally  in  the  lower  por- 
tion of  the  duodenum.  1 

. Sfci11  smaller  irregularly  shaped  clusters  of  these  follicles  are  some- 
times found  scattered  throughout  the  intestine. 


It  was  formerly  presumed  without  question  that  Peyer’s  and  the  other  closed 
follicles  in  the  alimentary  tract  constituted  a peculiar  capsular  form  of  secretin  a- 

gl^dl’  !mt  t1he!'e  1S  n,ow  no  doubtthat  they  are  more  immediately  connected 
with  the  lymphatic  system,  and  then-  similarity  on  a small  scale  to  the  structure 
of  the  lymphatic  glands  is  unmistakable.  It  is  found  that  the  glands  of  Peyer 
are  best  rnm-ked  m the  young  subject.  After  middle  life  they  become  less  obS 
and  are  said  to  disappear  completely  in  advanced  ao-e  oovious, 

Vessels  and  Nerves  -The  branches  of  the  mesenteric  artery,  havin-  reached 
the  attached  border  of  the  intestine,  pass  round  its  sides,  dividing  into  numerous 
m™lfi,Catl0nS  and  fl'<Muently  anastomosing  at  its  free  border.  Most  of  the  larger 
blanches  run  immediately  beneath  the  serous  coat ; they  then  pierce  the  mus 
cular  coat,  supplying  it  with  vessels  as  they  pass  and 

r»r’  S°  aS  t0  f°?n  a fl0Se  network>  from ’which  stilkmaller  vessels'mss 

villi  Inf  akndrof C°i  V tej’minate  in  the  capillary  network  of  the  folds 

vini.  ana  glands  of  that  membrane.  The  fine  en-nilWi^  \ ’ 

vessels  of  the  villi  and  pervades  both  “G4)Jwhlch  receives  the  central 

latter  being  of  consSerabl  Jsrte  SV  mUC0US  and  ^mucous  layers-in  the 
or  a sinus  around  the  base  of  <^ch°l™in?’  fore  mentioned,  a close  plexus 
the  human  subiect  at  least"  tPo  ' jmphoid  follicle;  but  there  is  not,  in 
been  found  in  the  stomach  fTeioh^^a^v  djvisi°11  into  two  strata  which  has 
vessels  proceed  and  pierce  the  ,,  ,anufr  rom  the  submucous  plexus  larger 
He  under  the  periton^cott  ^wt^  t0  the  lymphatics  which 

strip  at  the  attachment  of  the  mesentery  ^kecially  developed  along  a naiTow 
muscular  coat,  the  main  plexus  is  situated  ]1(,i  g,?'d  to  the  lymphatics  of  the 

layers  of  fibres  ; and  there  are  f ! ® CU'Cular  and  longitudinal 

thickness  of  the  muscular  wall  TW  °Se,  plfUSes  treading  the  whole 
continuity  with  those  of  the  mucoid mLT  ^lphatics  ««  in  complete 

the  mesenteric  border,  which  S ruTSIo  ^ i ^ F*  ^ lavger  yessels  at 
To  these  absorbents  of  the  miwculai  cna  A , vessels  of  the  mesentery, 

laminar  plexus.”  * muscular  coat  Auerbach  gives  the  name  of  “ inter- 

The  nerves  of  the  smnii  • n .. 

mesenteric  plexus.  This' ‘ jLxuf  5Me%  derived  from  the  superior 

of  which  those  in  the  middle  come  f lmed  superiorly  by  nervous  branches 

trib SXf  a?vfar°m  the  semilunar  the  ^1 

wtevi,  fche  vagus  nerve.  TbP  ; and  * also  receives  con- 


tributions from  the  vn  semilunar  ganglion  and  itnl  lateral 

it dhitaS.ys s"  Th? 4^ 

superior  mesenteric  arteiy,  and,  dFuiffiS-  7 • “j6  Iargei'  aivMons  of  the 

•VhchoVsA^^  "m“7  the  ramifications 

icmv,  vol.  xxxui.  p.  340. 


vor,.  n. 
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of  the  arteries,  the  branches  of  the  nerves,  retaining  still  a wide  plexifonn 
arrangement,  pass  onwards  to  the  different  parts  of  the  intestine  between  the 
two  folds  of  the  mesentery,  and  finally,  separating  somewhat  fiom  the  blood- 
vessels, reach  the  intestine  in  very  numerous  branches  to  be  distributed  in  its 
coats  Passing  first  between  the  longitudinal  and  cncular  layer  of  the  muscular 
coat  they  here  form  a close  gangliated  plexus  throughout  the  whole  extent  of 
the  intestine  (shown  in  fig.  205,  A,  as  exhibited  under  a low  power).  This,  which 
is  hnOTmas  “ A^rbach’s  plexus,’  or  the  “ plexus  myentericus  ’ and  which  is 
irhicinally  composed  of  non-medullated  fibres,  gives  off  fine  branches  to  the 
musciSar  substance,  these  first  forming  a smaller 

fibres  Other  larger  branches  pass  between  the  cnculai  bundles  ol  J ores  to 
reach’  the  submucous  layer,  where  they  form  a second  richly  gangliated  plexus 
(HeS^eri  fig.  265.  B.  4der  a high  power),  the  threads  of  whreh  are  much  finer 

pass  to  he  distributed  to  the  muscular 
the  further  course  of  these  has  not  been  traced. 


A. 


Fig.  265. 


B. 


Fig.  265  (from  KollikeO  5^  ^DmLrrERS. 


(JO AT  Oi*'  A Ulli.jsh'  

Three  perforated  gangheaie  masses  are  seea  united  by  several  nervous  cords. 


B.- 


Portion  or  Meissner's  Submucous  Nervous  nexus  reo»  rne  iKresrtx. 
-Small  iortiu  ^ A Child#  350  Diameters. 


Or  A vtiiuAf.  ^ twigs* 

tive  tissue  corpuscles. 
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SPECIAL  CHARACTERS  AND  CONNECTIONS  OE  THE  SEVERAL  PARTS 

OP  THE  SMALL  INTESTINE. 

Duodenum. — This  is  the  shortest  and  widest  part  of  the  small  intes- 
tine. In  length  it  measures  10  or  12  inches,  or  about  the  breadth  of 
twelve  fingers.;  hence  its  name. 

It  varies  in  diameter  between  an  inch  and  a half  and  two  inches. 
In  its  course  it  describes  a single  large  curve  somewhat  resembling  a 
horseshoe,  the  convexity  of  which  is  turned  towards  the  right,  whilst 
the  concavity  embraces  the  head  of  the  pancreas. 


Pig.  266.  —View  op  the  Duodenum  from 

before  (slightly  altered  from  Luschka).  \ 

12,  the  twelfth  dorsal  vertebra  and  rib  ; 1, 
3,  4,  5,  transverse  processes  of  the  first,  third, 
fourth,  and  fifth  left  lumbar  vertebrae  ; 2, 
that  of  the  second  on  the  right  side  ; a,  a,  the 
abdominal  aorta  above  the  coeliac  axis  and  also 
near  the  bifurcation  ; m,  superior  mesenteric 
artery ; v,  v,  the  vena  cava  above  the  renal 
veins  and  near  the  bifurcation  ; p,  placed  on 
the  first  part  of  the  duodenum,  points  to  the 
pyloric  orifice  seen  from  the  side  next  the 
stomach,  of  which  a small  part  is  left  con- 
nected with  the  intestine  ; d,  on  the  descend- 
ing or  second  part  of  the  duodenum,  indicates 
the  termination  of  the  common  bile-duct  and 
the  pancreatic  duct  ; d',  the  third  or  oblique 
part  of  the  duodenum  ; j,  the  commencement 
of  the  jejunum. 


Fig.  266. 


TtJ  n!nini°  mese^fce.rD  aild  is  covered  only  partially  by  the  peritoneum, 
towo^  rk  thf  °iat  ls . comparatively  thick,  and  its  mucous  membrane 
descrihorJ  tP'  01 US  ls  H1?,  Sjat  of  tlie  glands  of  Brunner,  already 
this  part  of  ihe  intestinal  canaf1*^  ”d  ““  Paucreatic  duct  open  into 

ThpefifSl’fci0nS  °f  t!-e  duodenmn  are  Ascribed  by  anatomists. 

extends  from °tb/Tr°r  porfcloI\' befcween  two  and  three  inches  long, 
extends  t om  the  pylorus  upwards,  backwards,  and  to  the  rio-ht  ffi 

w®r  the  #' lI,1'b!fidf ’ where  be“ds  suddenly  down- 

and  invested  bf  T J ? le  duodenum  is  for  the  most  part  free, 

it,  are  the  liver  and  val?  hild'fl  Above,  and  in  front  of 

the  exudation  of  biWVmb^ ladder,  and  it  is  commonly  found  stained  by 

it  is  the  £ y duo  Uith  the  1 a 7 hour?  aftCT  dea«>-  Behind 
The  second  or Scllv  ™ blood-vessels  Posing  up  to  the  liver. 

neck  of  the  gall-bladder  nnCJ^1011’  corTmencirig  at  the  bend  below  the 
lumbar  vertebra,  where  the  do1wnwards  as  low  as  the  second  or  third 
third  portion.  This  rnrf  of  fclll’ns  across  to  the  left  to  form  the 
neum  on  its  anterior  suk^onlv^f^121  ? !uvesfced  by  the  perito- 
nected  to  the  right  kidney  and  i P°?ter1lor  surface  being  con- 

In  . front  is  the  transverse  \mlmn  6 V?tebra  00  unm  by  areolar  tissue, 
which  is  continuous  with  the  &n  i mesoccdoib  the  upper  layer  of 

the  left  is  the  head  of  the  Dancron«°J1Ca  °overmg  of  the  duodenum.  To 

pancreas  (see  fig.  282),  which  adapts  itself  to 


B B 2 


370 


THE  SMALL  INTESTINE. 


the  shape  of  the  intestine  on  that  side,  and,  according  to  Verson,  some 
of  the  longitudinal  muscular  fibres  of  the  gut  arc  ra  created  amongst 
the  contiguous  lobules  of  the  gland.  The  common  bile-duct  descends 
behind  tlfe  left  border  of  this  part  of  the  duodenum J-MjgO*  ™ 
tlm  mncreatic  duct,  which  accompanies  it  foi  a short  distance,  pei 
fomtes  the  coats  of  the  intestine  obliquely  near  the  lower  part  ot  its 
eft  or  concave  border.  In  the  interior  of  this  part  of  the  intestine  the 

“Steonniventes  appear  nnmeronsly ; ~ 'iStefy 

Sfflr  about  four  inches  below  the  pylorus,  on  the  inner 
and  back  part  of  the  intestine,  at  the  apex  of  which  is  seen  the  common 

and  narrowest,  beginning  on  the  ngbt  ]cft_  jt  makesits 

ap^earaimel^dow  the  tr^s^erse  meswol^  leftXde'of  thmrertebral 

pass  from  beneath  the  pancreas  to  enter  the  mesenteiy. 

At  its  termination  m 

rp^bfaT^  fibrous  W Je—  " “ 
phragm  and  the  tissue  aiound  t thc  du0(lenum.  In  subjects 

fibres  come  from  both  these  sources  J the  curTe  0f  the  duodenum  may 

in  which  the  intestines  are  targe  rnd  support  ^ the 

rnMedtoX — « »—• 

Jejunum  and  ILBDM.-The  ^Xde&o^ttolnornm! 

haring  been  supposed  to  be  emp  y remainder  of  the  small  mtes- 

and  includes  the  upper  two-fif  constitute  the  ileum,  so  named 

tine,  while  the  succeeding  three-fifths  constitute  ne  < , the 

from  its  numerous  coils  or  convolution*.  BothU. peritoneum 
ileum  are  attached  and  support^  by  ^ Bmall  intestine,  although 
termed  the  mesentery.  The  mesen J , in  lengtlt  with  the  jejunum 
greatly  frilled  out  in  bent  ^ 1 . attached  posteriorly  by  a very 

and  ileum  to  which  it  affords  suppoi  , ttf  0j  the  trans- 

short  border  which  extends  horn  the  -ddle  line  directly  down  to 

verse  colon  immediately  to  t tie  e caecum.  At  its 

the  right  iliac  foes*  where  four  to  six  inches 

widest  part  the  length  of  the jnesent  j Befcween  the  two  layers 
between  its  vertebral  and  its  “testl^al1  d besides  some  fat,  numerous 
of  peritoneum  of  which  it  consists  a p 1 » d Yein  together  with 

branches  of  the  superior  meson  ei  * Tbe  convolutions  of  the 

nerves,  lacteal  vessels  and  mes enteric  g^nds^  ^ niac  regions  of 

jejunum  are  situated  in  pa  „ the  umbilical  and  right 

the  abdomen  ; while  the  rleum ■ «»£»  part  of  the  jnt?  tl;e 

iliac  regions,  together  w ith  ® ted  by  the  mesentery,  which  is 
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large  intestine.  The  character  of  the  intestine  gradually  changes  from 
its  upper  to  its  lower  end,  so  that  portions  of  the  two  intestines,  remote 
from  each  other,  present  certain  well-marked  differences  of  structure, 
which  may  be  here  enumerated.  Thus,  the  jejunum  is  wider,  and  its 
coats  are  thicker  ; it  is  more  vascular,  and  therefore  it  has  a deeper 
colour  ; its  valvulae  conniventes  are  long,  wide  and  numerous  ; its  villi 
are  well  developed  ; and  the  patches  of  Peyer’s  glands  are  smaller,  less 
frequent,  and  sometimes  confined  to  its  lower  part.  The  ileum,  on  the 
other  hand,  is  narrower ; its  coats  are  thinner  and  paler  ; the  valvulae 
conniventes  are  small,  and  gradually  disappear  towards  its  lower  end  ; 
the  villi  are  shorter  ; and  the  groups  of  Peyer’s  glands  are  larger  and 
more  numerous.  The  diameter  of  the  jejunum  is  about  one  inch  and  a 
half,  that  of  the  ileum  about  one  inch  and  a quarter.  A given  length 
of  the  jejunum  weighs  more  than  the  same  of  the  ileum. 

At  a point  in  the  lower  part  of  the  ileum  it  is  not  very  uncommon  to  find  a 
pouch  or  diverticulum  given  off  from  the  main  tube.  The  origin  of  these 
diverticula  is  explained  by  reference  to  the  history  of  development,  from  which 
it  appears  that  they  arise  from  a portion  of  the  ductus  vitello-intestinalis,  or 
tube  uniting  the  intestine  with  the  umbilical  vesicle,  remaining  pervious.  They 
are  not  to  be  confounded  with  hernial  protrusions  of  the  mucous  membrane 
which  may  occur  at  any  point. 


The  large  intestine  extends  from  the  termination  of  the  ileum  to  the 
anus.  It  is  divided  into  the  caecum  (including  the  vermiform  appendix), 
the  colon  and  the  rectum  ; and  the  colon  is  again  subdivided,  according 
o its  dnection,  into  four  parts,  called  the  ascending,  transverse,  and 
descending  colon,  and  the  sigmoid  flexure. 
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the  rectum. 


STRUCTURE  OP  THE  LARGE  INTESTINE. 


Fig.  267. 
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canal,  consistsof  external  longitudinal  and  internal  circular  fibics.  Hie 
longitudinal  fibres,  although  found  in  a certain  amount  a round  t ie 
intestine,  are,  in  the  cascum  and  colon,  pnncipally  collected  into  tin ee 
remarkable  flat  longitudinal  bands  (fig.  267,  Im  ; fig.  2/0).  1 hese 

bands,  sometimes  called  the  ligaments  of  the  colon,  are  about  half  an 
inch  wide,  and  half  a line  thick ; they  commence  upon  the  extremity  ot 
the  caecum  at  the  attachment  of  the  vermiform  appendix,  and  may 
iS  traced  along  the  whole  length  of  the  colon  as  far  as  the  commence- 
ment of  the  rectum,  where  they  spread  out,  so  as  to  surround  that  part  of 

Fi".  267. — Outline  Sketch  of  a Sec- 
tion of  the  Ascending  Colon  (Allen 
Thomson).  f 

s,  the  serous  or  peritoneal  covering ; 
s',  s',  reflection  of  this  at  the  attached 
border  forming  a short  wide  mesentery, 
between  the  folds  of  which  the  blood- 
vessels are  seen  passing  to  the  colon ; a, 
one  of  the  appendices  epiploic®  hanging 
from  the  inner  border  ; l in,  indicates  at 
the  free  border  one  of  the  three  bands 
formed  by  the  thickening  of  the  longi- 
tudinal muscular  coat ; the  dotted  line 
continued  from  the  margins  of  these 
bands  represents  the  remainder  of  the 
longitudinal  muscular  coat,  and  the  thick 
line  within  it,  marked  c in,  represents 
the  circular  muscular  layer  ; m,  the  mu- 
cous membrane  at  the  flattened  part  , 
r,  the  crescentic  bands  or  indentations 
which  divide  the  sacculi. 

the  intestinal  tube  with  a uniform 
layer  of  longitudinal  muscular 
fibres.  One  of  these  bands,  named 
the  _ posterior , is  placed  along  the 

attached  border  of  the  intestine ; another  inns  along  its  «»^b0n£ 
mid  in  the  transverse  colon,  corresponds  with  the  attachment  oi  t 
great  omentum  ; whilst  the  third  band  (lateral)  is  found  on the :mner 
border  of  the  ascending  and  descending  colon,  and  on the  ™de^b  ^ 
of  the  transverse  colon.  It  is  along  the  coins  \ ^ea_ 

the  appendices  epiploicae  are  most  ot  them  attached  (fig.  2 , )• 

snredHrom  end  to  end,  these  three  ends  are  the  mte 


anted  from  end  to  end,  tnese  tnree  u«~"  . t,  . 

leSng  parts  of  the  tube ; and  the  latter  are  has  teown  mtothe 

St^rmStSoTap^fc  the  longitudinal  muscular 

r*  1 n irm-pArm  10X701*  . 1 


fibres  form  a uniform  layer.  the  general 

The  circular  muscular  fibres  form  only  a thin  laye  °mbers 

surface  of  the  emeum  and  colon,  but  arc 

between  the  sacculi.  In  the  rectum,  especially  towa  dsi^  lower  i 

the  circular  fibres  form  a very  thick  and  power  • J that  of 

The  submucous  or  areolar  coat  resembles  m ail  lespecis 

the  small  intestine. 
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The  mucous  membrane  differs  from  that  of  the  small  intestine  in 
being  quite  smooth  and  destitute  of  villi.  Viewed  with  a lens,  its 


Fig.  268. 


Fig.  268. — Diagrammatic  View  (Magnified)  of  a Small  Portion  of  the  Mucous 
Membrane  of  the  Colon  (Allen  Thomson). 

A small  portion  of  the  mucous  membrane  cut  perpendicularly  at  the  edges  is  shown  in 
perspective  ; on  the  surface  are  seen  the  orifices  of  the  crypts  of  Lieberkiihn  or  tubular 
glands,  the  most  of  them  lined  by  their  columnar  epithelium,  a few  divested  of  it  and 
thus  appearing  larger ; along  the  sides  the  tubular  glands  are  seen  more  or  less  equally 
divided  by  the  section  ; these  are  resting  on  a wider  portion  of  the  submucous  tissue, 
from  which  the  blood-vessels  are  represented  as  passing  into  the  spaces  between  the 
glands. 


surface  is  seen  to  be  marked  all  over  by  the 
glands  ( crypts  of  Lieb&rhuhn)  (fig.  268), 
resembling  those  of  the  small  intestine, 
but  longer  and  more  numerous,  and 
placed  more  closely  together  and  at  more 
regular  intervals. 

Besides  these,  there  are  scattered  over 
the  whole  large  intestine  lymphoid  fol- 
licles, similar  to  the  solitary  glands  of 
the  small  intestine,  but  less  prominent. 
They  are  most  numerous  in  the  caecum 
and  in  its  vermiform  appendix ; being 
placed  closely  all  over  the  latter. 

The  epithelium,  which  covers  the 
general  surface  of  the  mucous  membrane, 
and  lines  the  tubular  glands,  is  of  the 
columnar  kind,  and  in  evciy  respect 
similar  to  that  of  the  small  intestine. 
As  in  the  stomach  the  mucous  mem- 
brane consists  of  areolar  connective 
tissue  with  a certain  amount  of  retiform 
tissue,  and  i is  bounded  next  the  submu- 

XrC<w  °y7  a -layer  °f  plain  oscular 
hbies  (musculans  mucosce),  which  sends 

prolongations  up  between  the  glands  to 

nenf  tbphcsd  w the-  bafement  membrane 
near  the  sm  face,  m the  same  wav  as  in 

the  villi  of  the  small  intestine. 


orifices  of  numerous  tubular 


Fig.  269. 


Fig.  269. — Blood-Vessels  of 
Large  Intestine  as  seen  in 
Vertical  Section  (Kolliker). 
a,  artery  passing  up  from  sub- 
mucosa ; c,  vein  arising  from  capil- 
lary plexus.  b,  around  the  mouths 
of  the  glands. 
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Vessels  and  Nerves. — In  the  large  intestine  a similar  arrangement  of  capil- 
lary plexuses  and  venous  radicles  obtains,  as  lias  been  described  in  the  stomach 
(fig.  2(i!)).  The  arrangement  of  the  lymphatics  also  presents  great  similarity  : 
the  lymphatics  of  the  mucous  membrane  have  here  been  longer  recognized. 

Nervous  plexuses  similar  to  those  of  the  small  intestine  are  also  found  in  the 
muscular  and  submucous  coats  of  the  large  intestine. 


SPECIAL  CHARACTERS  AND  CONNECTIONS  OP  THE  DIFFERENT  PARTS 

OF  THE  LARGE  INTESTINE. 


Fig.  270. 


The  CLecum. — The  intestmum,  caecum,  or  caput  caecum  coli,  is  that  part 
of  the  large  intestine  which  is  situated  below  the  entrance  of  the  ileum 
(fig.  270,  cc).  Its  length  is  about  two  inches  and  a half,  and  its  dia- 
meter nearly  the  same : it  is  the  widest  part  of  the  large  intestine. 

The  caecum  is  situated  in  the 
right  iliac  fossa,  immediately  be- 
hind the  anterior  wall  of  the  ab- 
domen. It  is  covered  by  the 
peritoneum  in  front,  below,  and 
at  the  sides  : but  behind  it  is 
usually  destitute  of  peritoneal 
covering,  and  is  attached  by 
areolar  tissue  to  the  fascia  cover- 
ing the  right  iliacus  muscle.  In 
this  case  the  caecum  is  compara- 
tively fixed  ; but  in  other  in- 
stances the  peritoneum  surrounds 
it  almost  entirely,  and  forms  a 
duplicature  behind  it,  called 
meso-ccccum. 

Coming  off  from  the  inner  and 
back  part  of  the  caecum,  at  its 
lower  end,  is  a narrow,  round, 
and  tapering  portion  of  the  in- 
testine, named  the  appendix  cccci, 
or  appendix  vermiformis  (figs. 
270,  271).  The  width  of  this 
process  is  usually  about  that  of  a 
large  quill  or  rather  more,  and 
its"  length  varies  from  three 
to  six  inches,  these  dimensions 
differing  much  in  different  cases. 
Its  general  direction  is  upwards 
and  inwards  behind  the  erneum  ; 
and  after  describing  a few  slight 
turns  it  ends  in  a blunt  point. 
It  is  retained  in  its  position  by  a 
small  fold  of  peritoneum,  which 
forms  its  mesentery.  The  caecal 
appendix  is  hollow  as  far  as  its  extremity:  and  its  cavity  communicates 
with  that  of  the  ctecum  by  a small  orifice,  sometimes  guarded  by  a 
valvular  fold  of  mucous  membrane. 

So  far  as  is  known,  this  appendix  is  peculiar  to  man  and  certain  ^of 
the  higher  apes,  and  to  the  wombat;  but  in  some  animals,  as  in  the 
rabbi t°and  hare,  the  distal  part  of  the  emeum,  being  diminished  m 


Fig.  270. — Stomach  and  Intestines. 

cc,  ccecum  ; ac,  ascending  ; tc,  transverse  ; 
and  do,  descending  parts  of  the  colon  ; sf, 
sigmoid  flexure  ; R,  rectum. 
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diameter  and  thickly  studded  with  lymphoid  follicles,  may  represent  a 
condition  of  the  appendix. 

Ileo-caecal  or  ileo-colic  valve. — The  lower  part  of  the  small  intestine 
(fig.  271  i),  ascending  from  left  to  right,  and  from  before  backwards, 


Fig.  271. — View  of  the  Ileo-colic 

Valve  from  the  Large  Intestine 

(after  Santorini).  I 

The  figure  shows  the  lowest  part  of  the 
ileum,  i,  joining  the  caecum,  c,  and  the 
ascending  colon,  o ,•  which  have  been 
opened  anteriorly,  so  as  to  display  the 
ileo-colic  valve  ; a,  the  lower,  and  c,  the 
upper  segment  of  the  valve. 

enters  the  commencement  of  the 
large  intestine,  with  a consider- 
able degree  of  obliquity,  about 
two  inches  and  a half  from  the 
bottom  of  the  crncum,  and  opposite 
the  junction  of  the  latter  with 
the  ascending  colon.  The  open- 
ing leading  from  the  ileum  into 
the  large  intestine  is  guarded  by 
a valve  composed  of  two  seg- 
ments or  folds.  This  is  tlie  i leo- 
ccecal  or  ileo-colic  valve  : it  is  also 
called  the  valve  of  Bauliin  and 


Fig.  271. 


before  either  of 


the  valve  of  Tulpius,  although  Fallopius  had  described  ic 
those  anatomists. 


The  entrance  between  the  two  segments  of  the  valve  is  a narrow 
elongated  slit-like  aperture,  lying  nearly  transverse  to  the  direction  of 
he  great  intestine.  It  is  rounded  and  widened  at  its  anterior  end 
slig-htly  to  the  left,  but  the  posterior  end  is  narrow, 
H71'  , l\  18  bounded  above  and  below  by  two  prominent  semi- 
“ tojd.s’  whl°b  project  inwards  towards  the  cmcurn  and  colon.  The 
°L  heSe  Is  honzontal  in  direction,  the  lower  and 

onnlSr  ( ' !i101'e  T ique'  Afc  cach  end  of  the  aperture  these  folds 
distanco  Tor  T6  Ten  in‘olonScd  as  a single  ridge  on  each  side  for  some 
Llmculr,  of t lei  CavitLof  the  intestine,  forming  the  frmna  or 
whSk?^ It V<\  The  TP°Sed  SUrfaces  of.  the  valvular  folds 
face  are  covpvp-1  ri- IT emf: ’ and  are  o^ntinuous  with  its  mucous  sur- 
toward  the  laro-p  1 V1  1 ; while  their  other  surfaces,  turned 

caecum  is  dlSoT  are  S1?001th  and  destitute  of  villi.  When  the 
ginal  folds  brouTtlnT^1^  T tte  V£ll7e  are  stretched,  and  the  mar- 
ture  and  prevent  roflnv  ?PP°“tlon>  80  as  completely  to  close  the  aper- 

hindrance  is  offered  to  filT°  tie  1LeuVo’. wldle  at  tbe  same  time  no 
the  great  intestine.  passage  of  additional  matter  from  thence  into 

brane,  confinuoL°wS?cach  nthT8' ]ts  of1two  iaJers  of  mucous  mem- 
between  them,  besides  the  cni 101  a on»  fcbc  free  niargin,  and  including 
cular  fibres,  cent  nued  £ ai?e°lar  tis8ue’  a number  of  muS- 

large  intestine.  tZ  iTT  . 1 g cP^r  fibres  of  the  ile 


1 on n-i 1 1, a ‘ ui  me  neum  and  of  the 

o inal  muscular  fibres  and  the  peritoneal 
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coat  take  no  part  in  the  formation  ol  the  valve,  hut  are  stretched  across 
it  uninterruptedly  from  one  intestine  to  the  other.  _ _ 

The  Colon. — The  ascending  colon,  situated  in  the  light  lumbar 
and  hypochondriac  regions,  commencing  at  the  caecum  opposite  to  the 
ileo-ciecal  valve,  ascends  vertically  to  the  under  surface  of  the  liver,  near 
the  gall-bladder,  where  it  proceeds  forwards  and  then  turns  abruptly  to 
the  left,  forming  what  is  named  the  hepatic  flexure  of  the  colon,  llie 
ascending  colon  is  smaller  than  the  caecum,  but  larger  than  the  trans- 
verse colon.  It  is  overlaid  in  front  by  some  convolutions  of  the  ileum, 
and  is  bound  down  firmly  by  the  peritoneum,  which  passes  over  its 
anterior  surface  and  its  sides,  and  generally  leaves  an  interval  m which 
its  posterior  surface  is  connected  by  areolar  tissue  with  the  fasc  a . c 
ing  the  quadratus  lumborum  muscle,  and  with  the  fiont  of  the  nGh 
kidney.  In  some  cases,  however,  the  peritoneum  passes  nearly  round  it, 
and  forms  a distinct  though  very  short  right  meso-colon. 

The  transverse  colon  passes  across  from  the  right  hyPOc^™u  , 
through  the  upper  part  of  the  umbilical  region,  into  the  left  bjpoc 
driuni.  Sometimes  it  is  found  as  low  as  the  umbilicus  or  even  low  • 
At  each  extremity  it  is  situated  deeply  towards  the  back  part  ol : the 
abdominal  cavity,  but  in  the  middle  it  curves  forwards,  and files  dose - 
the  anterior  wall  of  the  abdomen.  Hence  it  describes  an  arch,  the  e 
cavity  of  which  is  turned  towards  the  vertebral  column  ; and  it  lias 

accordingly  been  named  the  arch  of  the  colon.  . 

Above  the  transverse  colon  is  in  contact  with  the  under  surface  of 
the  liver,’  the  gall-bladder,  the  great  curvature  of  the  stomach,  and  the 
lower  end  of  "the  spleen.  Below  it  are  the  convolutions  of  the  sma 
intestine,  the  third  portion  of  the  duodenum  being  behmd  it.  It  is 
invested  by  the  general  peritoneum,  which  forms  a separate  fold  for 
it  behind,  the  transverse  meso-colon,  and  in  front  it  adheres  o le 

°f The  DESCENDING  colon  is  continuous  with  the  left  extremity  of  the 
transverse  colon  by  a sudden  bend  named  the  splenic  flexure  At  this 
5 ^ there  is  found  a remarkable  fold  of 
colic  ox pleuro-colic  ligament,  which  stretches  mto 
to  the  colon  from  the  diaphragm,  opposite  the  10th  oi  1^h11^ 
was  pointed  out  by  Haller,  it  supports  the  spleen  alt toughBnco^ 
nected  with  that  organ,  and  might  be  termed  i t]10 

lienis.”  The  colon  then  descends  almost  pejendicuh  j .fc 

left  hypochondriac  and  lumbar  regions  to  the  left  * ■ ’ . t ifc 

Sd.  S the  sigmoid  flexure  The  pentoueum  aff 
only  in  front  and  at  the  sides,  whilst  behind  it  l > c0“ne^  , > d 
lie  to  the  left  erus  of  the ^ diaphragm  the , quedrate  tamtam 
the  left  kidney.  It  is  usually  concealed  behind  some 

the  jejunum.  Rituated  in  the  left  iliac  fossa, 

The  SIGMOID  elexure  of  the  colon,  situacea  m form  0f 

consists  of  a double  bending  of  the  int®st^n®  nuous  with  the  rectum 
the  letter  S,  immediately  betore  it  becomes  articulation, 

at  the  margin  of  the  pelvis  opposite  to  the  left  acro-ihac  aiHcu 

It  is  attached  by  a distinct  meso-colon  to  the  ^ 0r  is 

movable.  It  is  placed  immediately  behind  the  ante  1 sigmoid 
concealed  only  by  a few  turns  of  the  small  intestine. 

flexure  is  the  narrowest  part  of  the  colon.  intestine,  named  the 

The  Rectum.— The  lowest  portion  of  the  large  intestine,  u 


THE  RECTUM. 
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rectum,  extends  from  the  sigmoid;  flexure  of  the  colon  to  the  anus,  and 
is  situated  entirely  within  the  true  pelvis,  in  its  back  part  (fig.  272,  r,  r). 

Commencing  opposite  the  left  sacro-iliac  articulation,  it  is  directed 
at  first  obliquely  downwards,  and  from  left  to  right,  to  gain  the  middle 
line  of  the  sacrum.  It  then  changes  its  direction,  and  curves  forwards 
in  front  of  the  lower  part  of  the  sacrum  and  the  coccyx,  and  behind 
the  bladder,  vesieulte  seminales  and  prostate  in  the  male,  and  at  the 
back  of  the  cervix  uteri  and  vagina  in  the  female.  Opposite  the 


Fig.  272. 


Fig.  272. — Vertical  Section  op  the  Pelvis  and  its  Viscera  in  tiie  Male 

(from  Houston).  J- 

it  E sW  til i°^C6d  t01illustl;ate  the  f0™>  position,  and  relations  of  the  rectum  • 
these  viscera  • I r Jdtho  Uret^a  ^,the  Pelvic  Election  of  the  peritoneum  over 
letter  the  fold’ separating  the^vn  paxts  °f  t,he  rectlmi>  and  at  the  middle 

the  urinary  bladder  • ri^the  base  k+’+b  °WC;  °r  ana  P0rtl0n  5 v>  the  upper  part  of 
rectum  ; p the  prostate  V ’ idt  t le  Placc  where  it  rests  more  immediately  on  the 
the  corpus  cavemosmn  & aad  Prostatlc  Portlon  of  the  urethra  ; b,  the  bulb  • c r 
pubis.  1 C£Uei“  Pems  and  suspensory  ligament  ; sc,  the  scrotum  ; ,,  symphys& 


to  reach thf anus^The^ and  inclines  d°wnwards  and  backwards 
original  description  beino-^erived  rftum>  thei’efore,_  so  called  from  its 
straight  in  the  human  snwfVQ  r?.m  animals,  1S  far  from  beiug 
of  the  rectum  presents  a htoroi  ^C?U  10111  tde  front,  the  upper  part 
line  of  the  pelvis,  sometimes  ma1fcl0n  ^rom  the  ^fr  to  the  median 
and  when  viewed  from  the  s?deS(fi|  .fhemiddle  to  the  right: 

corresponding-  with  the  hollow  fit'  1' ?/’  11  offoi‘s  two  Clu’ves,  one 

out  ot  the  sacrum  and  coccyx,  and 
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the  other  at  the  lower  end  of  the  bowel,  forming  a shorter  turn  in  the 

opposite  direction.  . , , . , , . , 

Unlike  the  rest  of  the  large  intestine,  the  rectum  is  not  sacculated 

but  is  smooth  and  cylindrical;  and  it  has  no  separate  longitudinal 
bands  upon  it.  It  is  about  eight  inches  m length,  and  at  its 
UDoer  end  is  rather  narrower  than  the  sigmoid  flexure,  but  becomes 
dilated  into  a large  ampulla  or  reservoir  immediately  above  the 

ailThe  upper  part  of  the  rectum,  covered  by  peritoneum,  is  in  contact 
in  front  with  the  back  of  the  bladder  (or  uterus  m the  female),  unless 
some  convolutions  of  the  small  intestine  happen  to  descend  between 
them  The  ureter  and  branches  of  the  internal  iliac  artery  are  m 
contact  with  it  on  the  left  side.  It  is  attached  behind  tc .the saernm 
bv  a duplicature  of  peritoneum  named  the  meso-rectum.  Lover  do 
the  peritoneum  covers  the  intestine  in  front  and  at  the  sides,  and  at  last 
in  front  only;  still  lower,  it  quits  the  intestine  altogether,  and  is  re 
fleeted  forwards  to  ascend  in  the  male  upon  the  back  of  the  bladdj*  m 
the  female  on  the  back  of  the  upper  part  of  the  vagina  and  the  utc  . 

In  passing  from  the  rectum  to  the  bladder,  the  peritoneum  forms  a cul- 
de-sac,  the  recto-vesical  pouch,  which  extends  downwards  between 
intestine  and  the  bladder  to  within  an  inch  or  more  from 
the  nrostate  and  is  bounded  above  at  each  side  by  a lunated  fold 
serous  membrane,  of  which  the  left  is  almost  always  the  larger  (pos- 

terior  ligaments  of  the  bladder).  hlT11 

Below  the  point  where  the  peritoneum  ceases  to  cover  it  the  lectum 
is  connected  to  surrounding  parts  by  areolar  tissue,  which  is  mo  y 
r -i  i fat  In  this  way  it  is  attached  behind  to  the  fi  ont  of  tr  e 
and  the  coccyx  and  at  the  sides  to  the  coccygei  and  levatores 
TZseles In  tont  it  « in  immediate  connection  with  a tnan- 
™iai  portion  of  the  base  of  the  bladder  (fig.  272,  »);  on  each  side  of 
this  with  the  vesicul®  seminales  ; and  farther  forwards  with  the  under 
u fk  e o he  prostate  (,).  Below  the  prostate,  where  the  nrtjmhW. 

atf  £T  external 

8PtoTeTm7e!the  lower  portion  of  the  rectum  is  firmly  connected 
with  the  back  of  the  vagina. 

For  convenience  of  description  the  rectum 
three  parts  ; the  first  or  uppemos^  abou^i  m^s  1 ^ ^ t0  the  tip 

S Z st,  aLit  an  inch  and  a half  long,  curves  bach 

to  the  anus. 

and  its  mucous  coats.  _ external  or  longitudinal  fibres 

The  muscular  coat  is  very  thick,  the  exteinai  » end  of  the 

form  a uniform  layer  around  it,  and  cease  * t become  more 
intestine;  the  internal  or  circular  fibres,  on  the  coni ^ internal 

JESS!  ^^sShial  fibres  are  paler  than  the  circular 
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but  both  layers  become  darker  and  redder  towards  the  termination  of 
the  bowel. 

The  mucous  membrane  of  the  rectum  is  thicker,  redder,  and  more 
vascular  than  that  of  the  colon ; and  it  moves  more  freely  upon  the  mus- 
cular coat in  this  respect  resembling  the  lining  membrane  of  the 
oesophagus.  It  presents  numerous  folds  of  different  sizes,  and  running 
in  various  directions,  nearly  all  of  which  are  effaced  by  the  distension  of 
the  bowel.  Near  the  anus  these  folds  are  principally  longitudinal,  and 
seem  to  depend  on  the  contraction  of  the  sphincter  muscles  outside  the 
loosely  connected  mucous  membrane.  The  larger  of  these  folds  were 
named  by  Morgagni  the  columns  of  the  rectum  {columnar  recti).  These 
columns  contain  longitudinal  muscular  fibres  (apparently  part  of  the 
muscularis  mucosa),  which  terminate  both  superiorly  and  interiorly  in 
elastic  tissue  (Treitz).  Higher  up  in  the  intestine,  the  chief  folds  are 
transverse  or  oblique.  Three  prominent  folds,  larger  than  the  rest, 
being  half  an  inch  or  more  in  depth,  and  having  an  oblique  direction 
in  the  interior  of  the  rectum,  have  been  pointed  out  specially  by 
Houston.  One  of  these  projects  backwards  from  the  upper  and  fore 
part  of  the  rectum,  opposite  the  prostate  gland  ; another  is  placed  higher 
up,  at  the  side  of  the  bowel ; and  the  third  still  higher.  From  the 
position  and  projection  of  these  folds,  they  may  more  or  less  impede 
the  introduction  of  instruments  (Dublin  Hospital  Reports,  vol.  v.). 


Vessels  and  Nerves  of  tlie  Rectum.— The  arteries  of  the  rectum  spring 
from  three  sources,  viz.,  the  superior  hemorrhoidal  branches  from  the  inferior 
mesenteric  ; the  middle  hemorrhoidal  branches  from  the  internal  iliac  directly 
or  indirectly  ; and,  lastly,  the  external  or  inferior  hemorrhoidal  branch  from  the 
pudic  artery.  The  arrangement  of  the  vessels  is  not  the  same  throughout  the 
rectum.  Over  the  greater  part  the  arteries  penetrate  the  muscular  coat  at  short 
intervals,  supplying  its  layers  as  they  pass  through,  and.  at  once  dividing  into 
small  branches  in  the  submucosa,  form  a network  by  their-  inter-communication, 
towards  the  lower  end,  for  four  or  five  inches,  the  arrangement  is  different.  Here 
the  vessels,  having  penetrated  the  muscular  coat  at  different  heights,  assume 
a longitudmal  direction,  passing  in  parallel  lines  towards  the  end  of  the  bowel 
In  then-  progress  downwards  they  communicate  with  one  another  at  intervals 
and  they  are  very  freely  connected  near  the  orifice,  where  all  the  arteries  join 
by  transverse  branches  of  considerable  size.  (Quain,  Diseases  of  the  Rectum.) 

,,  , are  yery  numerous,  and  form  a complex  interlacement  resembling 

nat  ol  the  arteries  just  described,  and  named  the  Juemorrhoidal  plexus.  After 
oilowmg  a longitudinal  course  upwards  similar  to  that  of  the  arteries  which 
Smmu?Jry’  paif ^ the  Vernal  vein  by  branches  which 

vert  SLp  +ri<?feJ1^m01T50ldal  artery’  and  P the  inferior  mesenteric 

and  'in  nart  ® blood  fi;om  the  rectum  is  returned  in  part;  into  the  vena  cava, 
tu  the  portal  system. 

of  the  Iu£firiester  S°me  PkCed  * h°ll0W  °f  ae  Sacrum’  or  those 

and  the  s^natimEo1  are  derived  from  both  the  cerebro-spinal 

sacral  plexus  : and  tlm  c ie  tormer  consist  of  branches  derived  from  the 

gastric  plexuses.  " 61  ’ ° od:sets  from  the  inferior  mesenteric  and  hypo- 
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is  a d!lataWa 

by  the  skin,  which  two  stractu^  membrane’  and  externally 

pass  into  each  other.  The  skin  contmuous  Wlth  and 

11  aiound  the  borders  of  the  anus,  which 
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is  thrown  into  wrinkles  during  the  closed  state  oi  the  orifice,  is  covered 
with  numerous  papilla;,  and  is  provided  with  hairs  and  sebaceous 

follicles 

° The  lower  end  of  the  rectum  and  the  margin  of  the  anus  are,  more- 
over embraced  by  certain  muscles,  which  serve  to  support  the  bowel, 
and ’to  close  its  anal  orifice.  These  muscles,  proceeding  from  within 
outwards,  are,  the  internal  sphincter,  the  levatores  am,  the  coccygei,  and 
the  external  sphincter.  The  three  last  muscles  have  already  been 

d°Th 'Internal  sphincter  muscle  (sphincter  ani  interims)  is  a muscular  . 
ring  or  rather  belt,  surrounding  the  lower  part  of  the  rectum,  an  inch 
above  the  anus,  and  extending  over  about  half  an  inch  of  the  intest  c- 
It  is  two  lines  thick,  and  is  paler  than  the  extoal  sph^ter^Ite  dtcs 
ore  continuous  above  with  the  circular  muscular  fibies  ot  the  rectum, 
md  mS  consists  merely  of  those  fibres  more  numerously  developed 
S elsewtee,  and  prolon/ed  farther  down  than  the  external  long.tn- 

dinal  fibres. 

T\  oh  Iran  sell  describes  a thin  stratum  of  fibres  between  the  mucous  membrane 

stratum  of  ^bSfbdonging'to  the  proper 

further  describes  a thin  layer  of  involuntary  muscle  with  rachatmg  fibies 
which  pass  from  the  submucous  tissue  inside  the  internal  sphincter  to _en  m 
IbdmS  tissue  outside.  (lUnstrations  of  Dissections.  London,  I860.  P.  243.) 


THE  LIVER. 

A ssAsfiSt  'iSSrl 

“s°tS"Sym»ce  easily  converted  into 

811  The  liver  is  the  largest  gland  in  the  body  end  by  far  themost  bulky 
of  the  abdominal  viscera.  It  Ineas“®  al“"  l p (y.,,,”,  its  posterior 
Tersely  from  right  to  left,  between  6 ™h  -om  above  downwaik  where 
to  its  anterior  border,  and  about  3 2 me  1 . , The  average 

thickest,  which  is  towards  the  right  and  L pos  di  t Beale,  one 

bulk,  according  to  Krause,  is  88  cubic  into,  50  and  60 

hundred.  The  ordinary  weight  m the  adult  is  oeimee 

Tending  to  the  facts  recorded 

82,  between  48  and  58  ounces  in  - « is  generally  estimated  to  be 

between  40  and  50  ounces  in  the  adult  fern. ■ 1 in  the  foetus,  and 

equal  to  about  l-36th  of  the  weight  of  the  whole  booty  , 

in  early  life , its  proportionate ' Krause  and  others,  is  between 

SZ  St  reduced  to  VOS,  or  even  fees. 

The  liver  is  solid  to  the  feel,  and  of  aM 
IXfsLoVhStt,  anfan  under  surface,  which  is  uneven  and 
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concave ; the  circumference  is  thick  and  rounded  behind  and  on  the 
right,  but  becomes  gradually  less  so  towards  the  left  and  front  borders, 
which  are  sharp  and  thin. 

The  liver  is  divided  into  two  unequal  lobes,  a right  and  a left,  and  on 
the  under  surface  of  the  right  lobe  are  three  secondary  lobes  or  lobules, 
named  the  lobe  of  Spigelius,  the  caudate  or  tailed  lobe,  and  the  square 
lobe. 

Five  fissures  or  fossa;  are  likewise  described  ; viz.,  the  transverse  or 
portal  ; the  umbilical  fissure  and  the  fissure  of  the  ductus  venosus,  to- 
gether forming  the  longitudinal  fissure  ; the  fossa  of  the  vena  cava  and 
the  fossa  for  the  gall  bladder. 

Surfaces. — The  upper  surface  of  the  organ  is  convex,  smooth,  and 
covered  with  peritoneum.  It  is  marked  oft  into  a right  portion,  large 
and  convex,  and  a left  portion,  smaller  and  flatter,  by  the  line  of  attach- 
ment of  the  fold  of  peritoneum  named  the  falciform  or  broad  ligament. 

The  under  surface  (fig.  273)  looks  somewhat  backwards,"  and  is 
concave  and  uneven.  It  is  invested  with  peritoneum  everywhere  ex- 
cept where  the  gall-bladder  is  adherent  to  it,  and  at  the  portal  fissure 
and  fissure  of  the  ductus  venosus,  where  the  fold  of  peritoneum  (lesser 
omentum)  comes  off,  which  encloses  the  blood-vessels  and  ducts  of  the 


Fig.  273. 


R°'  "/3'  L0WER  SURFACE  Liver  with  the  Principal  Blood-vessels  and 

-Ducts  (from  Sappey).  i 

lobuluftSpigelii2;’  l\iku?cVudrtuS6’  <Fmdratus  ; l P<®s  hepatis  ; 8,  9,  10, 

great  vessels  ; 14,  hepatic  arte™  1^  ’ o ’ ?’  tr^sverse  ,or  P°r*al  fissure  with  the 

fissure,  containing  17,  the  round  Lament  n POrt®  16’  aB,tenor  Part  of  the  longitudinal 
IS,  posterior  part  of  the  same  fissuS  ^t  .reni^us  °f  tljc  obliterated  umbilical  vein  ; 
21,  22,  gall-bladder  ; 23,  cystic  duct  ^ T"3  1-9,  t le  ol)llteratcd  ductus  venosus  ; 20, 

vena  cava  inferior  ; 27,  opening  7 ' hepflc  d}ict  5 25,  fossa  containing  20,  the 
part  of  the  trunk  of  the  right  hepatic  vein  90  ,thefapsule  of  tJle  OTgan  ; 28,  small 
openings  of  the  right  and  left  cliaphr^ati  ’ ^ th°  Ieft  hepatic  vein  5 30>  31  > 


viscus,  and  passes  to  the  smdim. 

surface  the  lobes  and  fissures  of  tb  c?rvature  of  fc^e  stomach. 

rGS  ot  tlle  l^er  are  observed. 


On  this 
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Lobes.— The  right  and  left  lobes  are  separated  from  each  other  on 
the  under  surface  by  the  longitudinal  fissure,  and  in  front  by  the  inter- 
lobular notch  : on  the  convex  surface  of  the  liver  there  is  no  other  indi- 
cation of  a separation  between  them  than  the  line  of  attachment  of  the 
broad  ligament.  The  right  lobe  is  much  larger  and  thicker  than  the 
left,  which  constitutes  only  about  one-fifth  or  one-sixth  of  the  entne 

gl! The  lobulus  quadratus  (anonymus)  (fig.  273  6)  is  situated  be- 
tween  the  gall-bladder  and  the  great  longitudinal  fissure,  and  m front 
of  ^he  portal  or  transverse  fissure.  It  is  somewhat  oblong  from  before 

1,aTheaiobulus  Spigelii  (8,  9,  10),  more  prominent  and  less  regular  in 
shaTO  tS  the  quadrate  lobe,  lies  behind  the  fissure  for  the  portal  vein, 
aX  bonnM  on  the  right  ’and  left  by  the  fissures  which  centaur  the 
inferior  vena  cava  and  the  remains  of  the  ductus  venosus  (2o  19). 

111  The1  lob^us  caudatus(ll)  is  a sort  of  ridge  which  extends  from 
the  ba*e  of  the  Spigelian  lobe  to  the  under  surface  of  the  right  lobe. 
This  in  the  natural  position  of  the  parts,  passes  forwards  above  the 
mssage  named  foramen  of  Winslow,  the  Spigelian  lobe  itself  being 
situated  behind  the  small  omentum,  and  proving , into _the 

Ptwitufs The  transverse  or  portal  fissuie  (fig.  2 1 o,  12,  !«->)  is  tne 

cflmnnVtant  because  it  is  here  that  the  great  vessels  and  nerves 

1 t 7c?namedy  die  umSical  fissure,  contains  the  umbihea  vein  m 
the  LI s,  and  the  remnant  of  .that . vein , m the 

venosus  ( fossa  dudus  vmosi)  , l • , tug  venosus  in  the  foetus,  and 

gae"a Uder  “rd°or  ligament  (19)  into  which  that  vein  is 

C°Th TjLn  or  fossa  of  the : vena  cava  i (25) is  toted  at  fte  bach 
part  of  the  liver,  between  the  Sp.gel  an  lobe  and U.e ^ u 

and  is  separated  from  the  transverse  VeJLterior  border 

is  prolonged  upwards  m an  obliq  . Snigelian  lobe  with  the 

of  the  liver,  and  maybe  said  to  jom  behm  P fc  f fc]  i fossa  that 

fissure  for  the  ductus  here  in  the 

the  blood  leaves  the  liver  by  he  h^abc  vems^w  ^ of  the 

vena  cava.  As  in  the  case  of  the  r a d enci0Ses  that  vessel 

liver  in  some  cases  unites  around  the  ^ ena  cava, 

1U  ThTlast  remaining  fissure,  ^ or  rather  fossa  .( {ontTnued 

that  for  the  lodgment  of  the  9all;™“d^x ! r^aTgin  0f  the  liver, 
into  a slight  rounded  notch  on  the  antenoi  mai0in 
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Two  shallow  impressions  are  seen  on  the  under  surface  of  the  right 
lobe  ; one  in  front  ( impressio  colica),  corresponding  with  the  hepatic 
flexure  of  the  colon  ; and  one  behind  ( impressio  renalis),  corresponding 
with  the  right  kidney. 

Borders. — The  anterior  border  of  the. liver,  a thin,  free,  and  sharp 
margin,  is  the  most  movable  part.  Opposite  the  longitudinal  fissure  it 
presents  a notch,  and,  to  the  right  of  this,  there  is  often  another  slight 
notch  opposite  the  fundus  of  the  gall-bladder. 

The  posterior  border,  which  is  directed  backwards  and  upwards,  is 
thick  and  rounded  on  the  right  side,  but  becomes  gradually  thinner 
towards  the  left.  It  is  the  most  fixed  part  of  the  organ,  and  is  firmly 
attached  by  areolar  tissue  to  the  diaphragm.  This  border  of  the  liver 
is  curved  opposite  to  the  projection  of  the  vertebral  column,  and  has  a 
deep  groove  for  the  reception  of  the  ascending  vena  cava. 

Of  the  two  lateral  borders  of  the  liver,  the  right  is  placed  lower 
down,  and  is  thick  and  obtuse  ; whilst  the  left  is  the  thinnest  part  of 
the  gland,  is  raised  to  a higher  level,  and  reaches  the  cardiac  part  of 
the  stomach. 

.Ligaments.— The  five  ligaments  of  the  liver  are,  with  one  exception, 
only  finds  of  seious  membrane.  One  of  these,  the  coronary  ligament, 
is  a leflection  of  peritoneum  around  the  somewhat  triangular  portion  of 
the  posterior  border  of  the  liver,  which  is  immediately  adherent  to  the 
diaphragm  and  at  either  end  is  continued  into  two  short  folds— the 
right  and  left  lateral  or  triangular  ligaments,  of  which  the  left  is  the 
longer  and  more  distinct.  Another  of  these  so-called  ligaments  is  the 
broad,  falciform  or  suspensory  ligament,  a wide  thin  membrane, 
tormed  ot  two  cohering  layers  of  peritoneum.  By  one  of  its  margins 

!w!°TTd  thc  "nder  surface  of  thc  diaphragm,  and  with°tlie 
sheath  of  the  light  rectus  muscle  of  the  abdomen  as  low  as  the  um- 

bihcus  ; by  another  it  is  attached  along  the  convex  surface  of  the  liver, 
from  the  posterior  border  to  the  notch  in  the  anterior  border:  the  re- 
maining margin  is  free,  and  contains  between  its  layers  the  round 
Bgament,  a dense  fibrous  cord,  the  remnant  of  the  umbilical  vein  of 
the  foetus,  which  ascends  from  the  umbilicus,  within  the  lower  edm  of 
the  k-oad  ligament,  and  enters  the  longitudinal  fissure  on  the ^ under 

""  WI?-  REGARD  T0  neighbouring  parts.— Occupying  the 
into  a i t^pftT°n\an^^dillg  acr08s  the  ePi^stric  region 
the ^vauTt  oflhe^ iS  accurat^  adaPted  to 
front  bv  the  i6  above’  ancl  1S  covered,  to  a small  extent  in 

beneath  the  ribs  than^h?^1*68’  ..Tbe  rjpbt  Porti°n  reaches  higher 
position  of  the  dianlirm-m  n ^ cori'cspondmg  thus  with  the  elevated 
the  diaphragm  from  Vho  U * le  n?  bt  Slde>  livec  is  separated  by 
margin  of  °f  tbe  rigbt  thin 

body  and  the  solid  maaeof  thefive^^116  bet'veen  tbe  surface  of  tbe 

lower  ribs,  and  in  front1  bvth^^u011  the  rigbt’  b?  tbe  six  or  seven 
form  cartilage — the  diaphra^n^f  ^ °f  * u®  -Same  and  tbe  ensi" 
situation  of  the  liver  is  modiffiS’ , f GOUrse>  . bemS  interposed.  The 
by  the  movements  of  resnimH  ^ Posl.tlon  ot  the  body,  and  also 
posture,  it  reaches  below  ttm  ^ ’ . s>  i1*  the  upright  or  sitting 

recumbent  position  ascends  an  • \argm  tiie  thorax;  but  in  the 

vot,.  tt  au  men  or 


an  inch  and 


a half  higherup, 
c c 
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and  is  entirely  covered  by  tlic  ribs,  except  a small  portion  opposite  the 
substern al  notch.  Again,  during  a deep  inspiration,  the  liver  descends 
below  the  ribs,  and  in  expiration  retires  upwards  behind  them.  In 
females  it  is  often  permanently  forced  downwards  below  the  costal  car- 
tilages, owing  to  the  use  of  tight  stays  ; sometimes  it  reaches  nearly  as 
low° as  the  crest  of  the  ilium;  and,  in  many  such  cases,  its  convex 

surface  is  indented  from  the  pressure  of  the  ribs.  _ _ 

To  the  left  of  the  longitudinal  fissure  the  liver  is  in  contact  with  the 
pyloric  extremity  and  anterior  surface  of  the  stomach,  on  which  it 
moves  freclv.  When  the  stomach  is  quite  empty  the  left  part  ot  this 
surface  of  the  liver  may  overlap  the  cardiac  end  of  that  viscus.  lo  the 
right  of  the  longitudinal  fissure  the  liver  rests  upon  the  first  part  ot 
the  duodenum  and  the  hepatic  flexure  of  the  colon.  Farther  back  it  is  m 
contact  with  the  upper  part  of  the  right  kidney  and 

Vessels  and  Nerves.— The  two  vessels  by  which  the  liver  is  sup- 
plied with  blood  are  the  hepatic  artery  and  the  vena  portm.  ike  he- 
matic artery  (fig.  273,  14),  a branch  of  the  coeliac  axis,  is  small  in  com- 
parison ^with  thegorgan  to  which  it  is  distributed.  ^ It  enters  the  trans- 
verse fissure,  and  there  divides  into  a right  and  left  branch,  foi  the  two 

pl  By' far  ttofgreater  part  of  the  blood  which  passes  through  the  liver,— 
and  in  this  respect  it  differs  from  all  other  organs  of  the  human  body, - 
is  conveved  to  it  by  a large  vein,  the  vena  portrn  (fig.  2 ,3,  lo).  -Lms 
vein  is  formed  by  the  union  of  the  veins  of  the  stomach,  intestines  and 
omenta  as  well  a^  those  of  the  pancreas  and  spleen,  andalsotliose  fiom 
the  o-all-bladder.  It  enters  the  transverse  fissure.,  or  porta,  and,  like  the 
henatic  arterv,  divides  into  two  principal  branches. 

The  hepatic  artery  and  portal  vein,  lying  m company  with  the  bile- 
duct  ascend  to  tlm  liver  between  the  layers  of  the  gastro-hepatic 
omentum^  above  the  foramen  of  Winslow,  end  thus  reach  the  transverse 
fissure  In  this  course  the  bile-duet  is  to  the  right,  the  hepatic 
artery  to  the  left,  and  the  large  portal  vein  behind  the  other  two.  They 
Se  accompanied  by  numerous  lymphatic  vessels and  nerves  The 
branches  of  these  three  vessels  accompany  one  anothei  in  then  couise 
through  the  liver  nearly  to  their  termination  ; and  are  surrounded  for 
lomelstance  by  a common  areolar  investment  (Gltsson's  capsule), 

fr  t ur 

pursue  through  its  substance  an  entirely  different  ““^bottom  o°f^ the 

a superficial  set.  Their  mode  of  origin  and  distribution  will  be  altei 

™ Thedne^dare  derived  partly  from  the  coeliac  pto, 
from  the  pneumogastric  nerves,  especially  from  the  le  I u^clies  ; 
They  enter  the  liver  supported  by  the  hepatic  arteiy  < 1 portal 

aW  with  which  they  may  be  traced  a considerable  way  in  the  pom 

canals,  but  their  ultimate  distribution  is  not  known. 

Excretory  Apparatus.  - The  feretory  ‘the 

consists  of  the  hepatic  duct,  the  cystic  duct,  the  gall-blacldc  , 

common  bile-duct. 


EXCEETOEY  APPAEATUS  OF  THE  LIYEE. 


385 


The  hepatic  duct,  formed  by  the  union  of  a right  and  left  branch, 
which  issue  from  the  bottom  of  the  transverse  fissure  and  unite  at  a 
very  obtuse  angle,  descends  to  the  right,  within  the  g astro-hepatic 
omentum,  in  front  of  the  vena  portae,  and  with  the  hepatic  artery  to 
its  left.  Its  diameter  is  about  two  lines,  and  its  length  nearly  two 
inches.  At  its  lower  end  it  meets  with  the  cystic  duct,  descending  from 
the  gall-bladder  ; and  the  two  ducts  uniting  together  at  an  acute  angle, 
form  the  common  bile-duct. 

The  gall-bladder  (fig.  273,  20)  is  a pear-shaped  membranous  sac, 
3 or  4 inches  long,  about  an  inch  and  a half  across  its  widest  part, 
and  capable  of  containing  from  8 to  12  fluid-drachms.  It  is  lodged 
obliquely  in  a fossa  on  the  under  surface  of  the  right  lobe,  with  its  large 
end  or  fundus  (21),  which  projects  beyond  the  anterior  border  of  the 
liver,  directed  downwards,  forwards,  and  to  the  right,  whilst  its  neck 
(22),  is  inclined  in  the  opposite  direction.  The  gall-bladder  is  attached 
above  to  the  liver  by  areolar  tissue  and  vessels,  along  the  fossa  formed 
between  the  quadrate  lobe  and  the  remainder  of  the  right  lobe.  Below 
it  is  free  and  covered  by  the  peritoneum,  which  is  here  reflected  from 
the  liver,  so  as  to  support  the  gall-bladder.  Sometimes,  however,  the 
peritoneum  completely  surrounds  the  latter,  which  is  then  suspended  at 
a nttle  distance  from  the  under  surface  of  the  liver.  The  fundus 
wineti  iB  free,  projecting,  and  always  covered  with  peritoneum,  'touches 
the  abdominal  parietes  immediately  beneath  the  margin  of  the  thorax, 
opposite  the  tip  of  the  tenth  costal  cartilage.  Below,  the  gall-bladder 
lests  on  the  commencement  of  the  transverse  colon ; and,  farther  back, 
contact  with  the  duodenum,  and  sometimes  with  the  pyloric 
e tiemity  of  the  stomach.  The  neck,  gradually  narrowing,  forms  two 

stricted^aiul 1 1°  ^ ^ -f16  *etfccr  and  tlien’  becoming  much  con- 

L dl  kcfttm  ,^PQ?  fn  S°nel'al  adirection  altogether,  it  bends  down- 
warns  anc|  terminates  in  the  cystic  duct. 

right^ dS^ftb^BUpi?-ied  7th  b!°°d  by  tbe  cystic  branch  of  the 

ne§rves  from  theVir  'T tlC  %?’  along  which  Yessel  ifc  aIso  receives 
the  vena  portm  P eXUS*  Tlie  c?stlc  Teins  emP 7 themselves  into 

dowiwardsSand1oC?iiSi  S0llt  nan  iuch  and  a half  length.  It  runs 
the  common  bile-duct.  ^ ^ UmteS  Wlth  the  bepatic  dncfc  to  form 

th^  ducts m“hig  bfromdUtwo  fwb  Com™mis  ^oMochus,  the  largest  of 

inches  in  length"  conTevsTho  hilt  ? 77  Wldth’1  7d  nearly  ^ree 
into  the  duodenum  Tf  Sec  i fro7  th®  llver  and  the  gall-bladder 
course  of  the  hepatic  dnet^f' ownwards  and  backwards,  continuing  the 
omentum,  in  front  of  till ’ * T the, layers  of  the  gastro-hepatic 
artery.  Passing  behind  P?rtB\an?  7e  r7ht  of  the  hepatic 
descending  portion  and  mn?  lsfc  l)art  of  fcbe  duodenum  it  reaches  the 
aspect  of  that  part  of  the  h ,+nUf-S  downwards  on  the  inner  and  posterior 
of  the  pancreas,  and  for  B covered  by  or  included  in  the  head 

of  the  pancreatic  duct  dlsta^ce;  m contact  with  the  right  side 

muscular  wall  of  the  intestK tner 'Vlt] l\that  duct,  it  then  perforates  the 
quarters  of  an  inch  betwell  v’  affcer  runnin§  obliquely  for  three 
beneath  the  mucous  membrnno  coats,  and  forming  an  elevation 
opens  by  a common  orifice  win,  7 :)Gcomes  somewhat  constricted,  and 
of  the  duodenum,  near  the  imw16  Pai,lcreaiic  duct  on  the  inner  surface 

le  Jlmctl0“  of  second  and  th  ird  portions  of 
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that  intestine,  and  three  or  four  inches  below  the  pylorus,  as  already 
described. 

Varieties.— The  liver  is  not  subject  to  great  or  frequent  deviation  from  its 
ordinary  form  and  relations.  Sometimes  it  retains  the  thick  rounded  form  vhich 
it  n^ents  in  the  foetus  ; and  it  has  occasionally  been  found  without  any  divi- 
sion into  lobes.  On  the  contrary,  Scemmemng  has  recorded  a case  m which . the 
adult  liver  was  divided  into  twelve  lobes  ; and  similar  cases  of  subdivided  Rvei 
(resembling  that  of  some  animals)  have  been  now  and  then  observed  by  others. 
A detached  portion,  forming  a sort  of  accessory  liver,  is  occasionally  found 
appendedto  the  left  extremity  of  the  gland  by  a fold  of  peritoneum  containing 

W°TheT  gall-bladder  is  occasionally  wanting ; in  which  case  the  hepatic  duct  is 
much  Sated  within  the  liver,  or  in  some  part  of  its  course.  Sometimes  he 
" . ‘ "is  irregular  in  form,  or  is  constricted  across  its  middle,  or  but 

£ more  arc  ) it  is  partially  divided  in  a longitudinal  direction.  Direct 

for  snme°distance  within  the  gastro-hepatic  omentum.  Lastly,  the  common  bile 
duct  To?  “pens  Lo  the  lodenum,  apart  from  the  pancreatic  duet. 


STRUCTURE  OR  THE  LIVER. 

The  liver  has  two  coverings,  viz.,  a serous  or  peritoneal,  already 

i °rsite  r s* 

parts  co^red  by  the  serous  eoat,  it  is  thin  and  difficult  to  demons  .rate  s 
Ct  wtee  the  peritoneal  coat  is  absent,  as  at  the  posterior  border  of  the 

1 

proper  substance  of  the  Mich  h^a 
mottled  aspect  when  closely  obseTOd,  is  comj  , ^ during  life 

It  is  easily  cut  or  lacerated,  and  is  u q } P escaped  injury. 

s .rizis 

sSi»5ss3ini is. w w 

line  in  diameter  (1 — 2 millimetres).  masses  and  in  somo 

These  lobules  are  ; closely  packed  pol,  ybed  ^ f*’m  another  by 

animals,  as  in  the  pig,  the  liver  and  wilh  tho 

areolar  tissue  continuous  with  the  fibrous  coat  ox  ^ mogt  animalSj 

capsule  ol  Glisson ; but  m ie  iu  completely  insulated,  being 

although  very  distinguishable  they  are  ^^ding  this  the  lobules 

—h-an  * interlobular  fissures, 

although  these  are  incomplete. 


STRUCTURE  OF  TILE  LOBULES. 
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The  lobules  of  the  liver  have,  throughout  its  substance,  in  general 
the  polyhedral  form  of  irregularly  compressed  spheroids  ; but  on  the 
surface  they  are  flattened  and  angular.  They  are  all  compactly  ar- 


Fig.  274. 


c 


^ SCT  t°tN  °F  t r°RTI0N  op  Liver  passing  Longitudinally  through  a 

considerable  Hepatic  Yein,  from  the  Pig  (after  Kievnan).  About  5 Diameters. 

+L^’0lle?^,tlC  yeno.us  trunk>  against  which  the  sides  of  the  lobules  are  applied  • li  h h 

Sts  of  S^h6patiC  V6inS’  °U  Thick  the  baS6S  0f  thc  lobllles  ^st,  Z tln^ugh  the 
oleZlllZ  fCn  “ P0l^0nal  fiSures  5 ™o«th  of  the  intralobular  “veins, 
luK'iint®  Veins  5 *»  mtralobular  veins  shown  passing  up  the  centre 

bases  of  the^obules!  U **  ’ ^ °f  th®  bepatic  venous  canaI>  with  the  polygonal 


ranged  round  the  sides  of  branches  of  the  hepatic  veins  (fig.  274)  each 

connected  uffl^  iSmootl1  surface  or  ^cise,  upon  the  vein,  and  being 

cenke  o/tlm  loh,ilby  \ S“a11  VeU0US  trunklefc’  which  begins  in  the 
ir  ftp  in  t G loku.le’  aud  passes  out  from  the  middle  of  its  base  to  end 

Ten !The  sma11  Yei»8  proceeding  from  the 
those  on  whirl  ? i uamed  the  mtr alobular  or  central  veins  (*'),  and 

^vetst  ottd?,?’  ,thT^tU\r  If™  O)-  If  one  ofthese 
may  be  seen  through  the  enntJ  f bgure),  the  bases  of  the  lobules 
presenting  a tesselated  °ats  bke  Yem.’  wklcb  are  here  very  thin, 
seating  the  base  of  a eactl  kfctle  Polyg°ual  space  repre- 

centre  a sma11  * ot ■ 

ferencc  to  the  centre^f  aa(,1,nass  of  ceIls  Penetrated  from  the  circum- 
as  by  the  minute  canillarv  pA°Se  network  °f  blood  capillaries,  as  well 
intervention  of  little  other  ^.mencements  °f  the  bile-ducts,  with  the 
disposition  of  the  vessels  nf  I?8110,  ^or  the  sake  of  clearness,  the 

lver  may  be  considered  first. 
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Blood-vessels. — The  hepatic  veins  commence  in  the  centre  of  each 
lobule  by  the  convergence  of  its  capillaries  into  a single  independent 


d 


d a 


lg‘  Fig.  275. — Longitudinal  Section  or  a 

Portal  Canal,  containing  a Portal 
Vein,  Hepatic  Artery,  and  Hepatic 
Duct,  from  tiie  Pig  (after  Kier- 
nan).  About  5 diameters. 

p,'  branch  of  vena  portss,  situated  in 
a portal  canal,  formed  amongst  the  he- 
patic lobules  of  the  liver  ; p,  p,  larger 
branches  of  portal  vein,  giving  off 
smaller  ones  ( i , i),  named  interlobular 
veins  ; there  are  also  seen  within  the 
large  portal  vein  numerous  orifices  of 
interlobular  veins  arising  directly  from 
it ; a,  hepatic  artery  ; d,  biliary  duct  ; 
at  c,  c,  the  venous  wall  has  been  par- 
tially removed. 

intralobular  vein  (figs.  276,  h ; 
277,  2 ; and  278,  1),  as  already 
stated.  These  minute  intralobu- 
lar veins  open  at  once  into  the 
sides  of  the  adjacent  sublobular 
veins  (fig.  277,  1),  'which  are  of 
various  sizes,  and  join  together.  Uniting  into  larger  and  larger 
vessels,  they  end  at  length  in  hepatic  venous  trunks,  which  receive  no 
intralobular  veins.  Lastly,  these  venous  trunks,  converging  towards  the 
posterior  border  of  the  liver,  and  receiving  in  their  course  other  sub 
lobular  veins,  terminate  in  the  vena  cava  inferior,  as  already  described . 
In  this  course  the  hepatic  veins  and  their  successive  ramifications  are 
unaccompanied  by  any  other  vessel.  Their  coats  are  thin ; the  sn  > 
lobular  branches  adhere  immediately  to  the  lobules,  and  evei\ 
larger  trunks  have  but  a very  slight  areolar  investment  connectm 
them  to  the  substance  of  the  liver.  Hence  the  divided  ends  0 
veins  are  seen  upon  a section  of  the  liver  as  simple  open  on  , 
thin  wall  of  the  vein  being  surrounded  closely  by  the  solid  subs  a 

The  portal  vein  and  hepatic  artery,  which,  accompanied  by  the  emeig- 
ing  biliary  ducts,  enter  the  liver  at  the  transverse »fi“^l^^X 
different  course,  arrangement,  and  distribution,  fiom  l ,,  • 

Within  the  liver  the  branches  of  these  three  vessels  lie  togetnei . 
certain  canals,  called  portal  canals,  which  are  tubidaniassag 
in  the  substance  of  the  gland,  commencing  at  tlie/!®7Lrii0ns’ 
and  branching  upwards  and  outwards  from  that  part  l:  *•  , 

Each  portal  canal  (even  the  smallest)  contains  one  prmcii  < _ 

the  vena  parte,  of  the  hepatic  artery,  and  of 

the  whole  being  invested  within  the  larger  portal  canals  by  P 

The  portal  vein  subdivides  into  branches  which  ramify  UULdcr 
lobules  anastomosing  freely  around  them,  and  are  named  mterloh ■ la, 
veins.  From  these,  still  finer  vessels  pass  in i to i the ^lobuto 
at  then  circumference  (fig  278,  3),  and  end  in  . he  cap diary  . retail, 
from  which  the  intralobular  or  central  (hepatic)  veins  ta 
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Within  the  portal  canals  the  branches  of  the  portal  veins  receive  small 
“vaginal  veins,”  and  also  the  “capsular  veins,”  from  the  fibrous  coat 
of  the  liver,  both  returning  blood  which  has  been  distributed  by 


Fig.  276. 

p p h 


p h 

Fig.  276. — Capillary  Network  of  the  Lobules  of  the  Rabbit’s  Liver  (from 
Ivolliker).  About  40  Diameters. 

Tlie  figure  is  taken  from  a very  successful  injection  of  the  hepatic  veins  made  by 
Harting  : it  shows  nearly  the  whole  of  two  lobules,  and  parts  of  three  others  : p,  portal 
branches  running  in  the  interlobular  spaces  ; h,  hepatic  veins  penetrating  and  radiating 
from  the  centre  of  the  lobules. 


Fis 


./  /. 


r°.  ig,-  op  A Hepatic  Vein  with  Sublobular  Veins  passing  into 

the  hepatic  Lobules  (from  Sappey).  About  30  Diameters. 

lobules  • 3 Stlw  ’lc!l?1ilLCPatiCi  ^H'alobular  veins  passing  into  the  base  of  the 
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corresponding  brandies  of  the  hepatic  -artery  to  he  immediately 
described. 

The  hepatic  artery  terminates  in  three  sets  of  branches,  termed  vaginal, 


Fit*.  278.— Cross  Section  op  a Lobule  of  thf.  Human  Liver,  in  which  the  Capillary 
Network  between  the  Portal  and  Hepatic  V eins  has  been  fully  injected 
(from  Sappey).  60  Diameters. 

1 section  of  the  intralobular  or  central  vein  ; 2,  its  smaller  branches  collecting  blood 
from  the  capillary  network  ; 3,  interlobular  or  peripheric  branches  of  the  vena  port® 
with  their  smaller  ramifications  passing  inwards  towards  the  capillary  network  in  the 
substance  of  the  lobule. 


capsular,  and  interlobular.  The  vaginal  branches  ramify  within  the  poital 
canals,  supplying  the  walls  of  the  ducts  aud  vessels,  and  Glisson  s capsule. 
The  capsular  branches  appear  on  the  surface  of  the  liver  spread  out  on 
the  fibrous  coat,  accompanied  by  their  veins.  The  interlobular  branches 
accompany  the  interlobular  veins,  but  are  much  smaller  : they  tiansmi 
blood  directly  to  a part  of  the  capillary  network  of  the  lobules  intei - 
mediate  between  the  portal  and  hepatic  veins. 

The  capillary  network  of  the  lobules  is  very  close,  so  that  common  y 
the  interval  between  two  vessels  is  not  greater  than  the  diameter  o 
one  or  two  liver  cells  (Tig.  279,  280).  Moreover  the  vessels  composing 
it  are  comparatively  large  (-rswoth  of  an  inch),  and  m specimens  in 
which  it  has  been  filled  with  transparent  injection,  can  be  seen,  not 
only  to  pass  in  a radiating  manner,  as  before  described,  between 
the  intra-  and  interlobular  veins,  but  also  in  the  human  subject  to  be 
continued  from  one  lobule  to  another. 
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Hieman  passive  congestion.  In  what  is  considered  an  active  state  of  hepatic 
congestion,  the  dark  colour  extends  to  the  portal  system,  across  the  interlobular 
fissures,  leaving  intermediate  spaces,  which  remain  as  irregular  pale  spots  : this 
state  occurs  especially  in  diseases  of  the  heart.  When,  on  the  other  hand,  the 
portal  system  is  congested,  which  is  rare,  and  occurs  chiefly  in  children,  the 
margins  of  the  lobules  are  dark,  and  their  centres  pale. 


Fig.  279. 


The  Hepatic  Cells. — The  interstices  between  the  blood-vessels  are, 
ns  before  said,  almost  entirely  filled  by  the  hepatic  cells.  These 
are  of  a compressed  spheroidal  or  polyhedral  form,  having  a mean  dia- 
meter of  from  yoVoth  to  -sio^1  °f  an  blcb-  They  possess  no  cell 
membrane.  Their  sub- 
stance appears  granular 
and  of  a faint  yellowish 
tinge,  and  they  contain 
-each  a clear  round  nucleus, 

"within  which  again  are  one 
or  two  nucleoli.  Not  unfre- 
quently  two  nuclei  are  to 
be  found  in  a cell ; and,  on 
the  other  hand,  it  is  stated 
that  some  of  the  cells  may 
be  altogether  devoid  of 
nuclei.  In  many  cases  the 
cells  have  larger  and 
smaller  fat-globules  in 
their  interior,  which  may 
•conceal  the  nucleus,  and 
the  amyloid  matter  pro- 
duced by  the  liver  has  also 
been  recognised  in  the 
cells.  When  isolated  in  an 
indifferent  fluid  they  arc 
said  to  exhibit  slow  changes 
of  form.  Moreover,  my- 
osin has  been  detected  in 
them.  The  liver-cells  are 
packed  between  and  around 
the  vessels,  and  in  sections 

from6  it  righ+fc  angies,1t0  ,thje  globular  veins,  appear  as  if  radiating 
fm-m  fc  ,e.ntre  of  tlie  lobules  towards  their  circumference.  They 
oneniLTlu^hS  netw<!?*  or  sPongework  (fig.  279),  the  more  obvious 

TTe  wall  of  S the  ?aces  0CCUPied  by  the  blood-capillaries, 

f • the  latter  ^ are  not,  as  at  first  sight  they  appear  to  be  im- 

a delicate  mcmh^  Wlth  th°  1jVer  cells>  but  are  separated  from  them  by 
T ,?omP°^1d  of  flattened  cells  ; the  space  between 

(MacGillavry)  ' ^ 16  caPlbary  wad  serves  for  the  passage  of  lymph 

of^ood-capillS  S be  ^slicd  away  from  thin  sections,  and  then  the  network 

wSLt;  clrly  into  and  iikew>  to 

seen  crossing  the  intervals  ■ so^T^  aS  form^  of1  coimective  tissue,  are  to  be 

minute  bile  nassao-eq  +n  i ‘ • ' °™e  lave  regarded  them  as  the  network  of  the 
minute  Due  passages  to  be  immediately  described. 

Commencement  of  the  Ducts. — The  larger  bile-ducts  accompany, 


Fig.  2/9.  A Small  Portion  op  a Lobule  op  the 
Human  Liver  highly  magnified,  showing  the 
Hepatic  Cells  in  connection  and  the  Capil- 
lary Spaces  between  them  (from  Koliiker).  450 
Diameters. 
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as  before  said,  the  branches  of  the  portal  vein,  and  ramify  in  the  outer 
part  of  each  lobule.  When  a thin  section  of  the  hardened  tissue  is 
examined  under  a high  power  of  the  microscope,  minute  apertures  may 
occasionally  be  observed  between  the  sides  of  adjacent  liver  cells  (fig. 
280).  These  are  the  sections  of  fine  intercellular  passages  which  form 


Fig.  280. 


Fig.  281. 
h 


Ficr.  280.— Section  op  Liver  (Child)  hardened  in  Chromic  Acid.  Highly 
° magnified  (Hering). 

The  liver  cells  , have  shrunk  somewhat  from  the  walls  of  the  caP^rms,  which  are 
filled  with  red  corpuscles.  Half-a-dozen  pale  corpuscles  ar  • ' 
vessels.  The  minute  apertures  between  two  cells  are  the  fine  bile  passages. 

Ficr.  281.— Section  op  Rabbit’s  Liver  with  the  Intercellular  Network  of 
° Biliary  Capillaries  injected.  Highly  Magnified  (Hering). 

Two  or  three  layers  of  cells  are  represented  ; b,  b,  blood  capillaries. 


o close  network  (fm\  281)  between  and  around  the  individual  cells, 
closer  tU  the  blood-capillary  network  from  he 
branches  of  which  they  run  apart.  These  passages,  which  have  been 
called  biliary  capillaries,  may  be  looked  upon  as  the  co— men 
of  the  biliary  ducts,  for  towards  the  cmsnmfe^ 
they  open  into  the  ducts,  and,  indeed,  may  with  care  be  mje >cte( J 
the  trunk  of  the  Idle  duct,  at  least  m the  outer  parts  of  the  lobule, 
as  first  shown  by  Budge,  Andrejewic  and  Macbrllaviy. 

To  demonstrate  the  intercellular  network  throughout  the  whole  e^ent  of 
lobules  Chrzonszczewsky’s  method  of  natural  injection  must  be 
He  introduced  a saturated  watery  solution  of  pure  sulph-in.  go  a . ’lar 

repeated  doses,  into  the  circulation  of  dogs  and  sucking-pigs,  > | tl 

and  in  an  horn  and  a half  afterwards  the  animals  were  killed  and  the 

blood-vessels  either  washed  out  with  chloride  of  spared  in 

•nnrtal  vein  or  were  injected  with  gelatine  and  carmme.  In  specimens  I P 
£ wly  tiie  fine  network  of  gall-ducts  throughout  each  lobule  is  filled 
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Blue,  while  the  intervening-  cells  remain  free  from  colour.  By  killing-  the  animals 
sooner  after  the  injection,  the  blue  colouring  matter  was  found  within  the  hepatic 
cells,  thus  demonstrating  that  it  was  through  their  agency  that  the  canals  were 
filled.  Further  experiments  were  made  in  animals  in  which  the  portal  vein  and 
hepatic  artery  respectively  had  been  tied,  and  the  result  obtained  was  that,  when 
the  hepatic  artery  had  been  tied,  the  peripheral  parts  of  the  lobules  showed  the 
blue  canals,  while  the  centre  of  each  was  left  colourless  ; and  that,  when  the 
portal  vein  had  been  tied,  the  reverse  effect  was  produced — the  centre  of  each 
lobule  showing  blue  canals,  while  in  the  intervening  spaces  only  the  larger 
ducts  were  seen,  showing  that,  as  previously  stated,  the  capillary  network  of  the 
lobules  is  in  part  supplied  directly  by  the  hepatic  artery. 


It  is  still  £i  matter  of  doubt  whether  the  intercellular  passages  above 
described  possess  proper  walls  distinct  from  the  cells,  or  whether  they 
are  to  be  regarded  as  mere  channels  formed  by  the  apposition  of  corre- 
sponding grooves  on  the  sides  of  the  cells,  but  the  balance  of  evidence 
appears  to  be  in  favour  of  the  former  supposition.  It  is  worthy  of 
remark  that  the  biliary  capillaries  are  almost  always  found  on  the 
flattened  surfaces,  seldom  or  never  running  along  the  corners  of  the  cells. 

Lymphatics  of  the  Liver. — Lymphatics  are  seen  on  the  prolonga- 
tions of  Glisson’s  capsule  between  the  lobules  (interlobular),  where 
they  accompany  the  blood-vessels,  and  in  some  cases  surround  and 
enclose  them.  They  originate  from  the  spaces  around  the  capillaries 
of  the  lobules  (p.  SOI).  In  the  pig’s  liver  lymphoid  follicles 
have  been  noticed  by  Kisselew  and  Chrzonszczewsky,  in  connection 
with  the  interlobular  lymphatics.  These  deep  lymphatics  unite  into 
larger  vessels  which  run  along  the  portal  canals  and  emerge  at  the 
portal  fissure.  They  are  in  communication  with  a close  subperitoneal 
plexus  on  the  under  surface  of  the  organ.  The  corresponding  plexus 
on  the  upper  surface  communicates,  through  the  ligaments  of  the 
liver,  with  the  thoracic  lymphatics. 

Structure  of  the  Ducts. — The  larger  bile-ducts  have  strong  dis- 
tensible areolar  coats,  containing  abundant  elastic  tissue,  and  the 
largest,  a certain  amount  of  plain  muscular  tissue.  They  are  lined 
with  columnar  epithelium.  The  minute  ramifications  between  the 
lobules  have  walls  composed  simply  of  a basement  membrane,  with  a 
lining  of  columnar  epithelium.  As  they  pass  into  the  lobules,  however, 
this  columnar  epithelium  becomes  shorter  and  broader,  and  approaches 
moie  and  more  in  character  to  the  hepatic  cells,  at  the  same  time  filling 
up  the  tube  so  that  only  a very  small  passage  is  left.  The  basement 
membrane  is  no  longer  complete,  and  the  intercellular  bile  passages 
open  leely  into  the  minute  ducts.  In  the  portal  canals,  where  they 
are  somewhat  larger,  the  ducts  present  numerous  openings  on  the 
““J1'  Sllrface,  which  are  scattered  irregularly  in  the  larger  ducts,  but 
^InfubdmS1?S  arrail8'ed  in  two  longitudinal  rows,  one  at  each 
nrifW*  ru  VeSSG  ' Fllef  0Penm"s  wcl’c  formerly  supposed  to  be  the 
frnp  rrmpn?fUC!illS^a^iS  ’ the  main  ducts  are  studded  with 

onenin  ® g ai^s  tabulated  form  and  with  minute  orifices,  the 
which  ore  nfrtrM  m'Cf  1°  ^tang  to  saccular  and  tubular  recesses, 
with  r-T'pnl  toy/  nanc  ied  and  anastomosing,  and  may  be  beset  all  over 
Gie  e rZt^Z  lT  S£TW  and  Henle,  who  have  made 

numoronfnf^l  ?-Ub;|ec,fc  ot  sPccial  investigation,  find  that  they  are  so 
™ I!!!  c UneS  i°  co*ceal  the  parent  tube,  and  on  this  Henle 

colL  m-p  no-Vo/i  -U^.fCS^10n  (System.  Anat.)  that  they  and  not  the  liver 
cells  are  engaged  m the  secretion  of  bile. 
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In  the  dnplicature  of  peritoneum  forming  the  left  lateral  ligament  of 
the  liver,  and  also  in  the  two  fibrous  bands  which  sometimes  bridge 
over  the  fossa  for  the  vena  cava  and  the  fissure  of  the  umbilical  vein, 
there  have  been  found  biliary  ducts  of  considerable  size  which  are  not 
surrounded  with  lobules.  These  aberrant  duds  as  they  are  called, 
were  described  by  Ferrein  and  afterwards  by  Ki  email  ; they  anastomose 
together  in  form  of  a network,  and  are  accompanied  by  branches  of  the 
vena  portae,  hepatic  artery,  and  hepatic  vein. 

Structure  of  tlie  Gall-bladder. — Besides  the  peritoneal  investment 
and  the  mucous  lining,  the  gall-bladder  possesses  an  intermediate  mus- 
cular and  connective  tissue  coat,  of  considerable  strength.  This  con- 
sists mainly  of  bands  of  dense  shining  white  fibres,  which  interlace  in 
all  directions.  Intermingled  with  these  are  plain  muscular  fibres,  which 
have  principally  a longitudinal  direction,  but  some  run  transversely. 
This  coat  forms  the  framework  of  the  organ,  and  supports  the  larger 
blood-vessels  and  lymphatics.  The  nerves  form  a gangliated  plexus  in 
it  ; partly  also  immediately  beneath  the  serous  coat  (L.  Gerlach). 

The  mucous  membrane , which  is  generally  strongly  tinged  with  bile, 
is  elevated  upon  its  inner  surface  into  very  numerous  small  ridges, 
which,  uniting  together  into  meshes,  leave  between  them,  depressions 
of  different  sizes  and  of  various  polygonal  forms.  . This  gives  the 
interior  of  the  gall-bladder  an  alveolar  aspect,  which  is  similar  to  what 
is  seen  on  a smaller  scale  in  the  vesicular  seminales.  These  alveolar 
intervals  become  smaller  towards  the  fundus  and  neck  of  the  gall- 
bladder ; and  at  the  bottom  of  the  larger  ones,  other  minute  depres- 
sions, which  may  be  seen  with  a simple  lens,  lead  into  numerous 
mucous  recesses.  The  whole  of  the  mucous  membrane  is  coveied  by 
columnar  epithelium,  and  it  secretes  an  abundance  of  viscid  mucus. 

At  the  places  where  the  neck  of  the  gall-bladder  curves  on  itself  there 
are  strong  folds  of  its  mucous  and  areolar  coats  projecting  into  the 

In  the  cystic  duct , the  mucous  membrane  is  elevated  internally  in  a 
similar  manner  into  a series  of  crescentic  folds,  which  are  arranged  in 
an  oblique  direction,  and  succeed  closely  to  each  other,  so  as  to  piesen 
verv  much  the  appearance  of  a continuous  spiral  valve.  VV  lien  dis- 
tended, the  outer  surface  of  the  duct  appears  to  be  indented  m t le 
situation  of  these  folds,  and  dilated  or  swollen  in  the  intervals,  so  as  to 
present  an  irregularly  sacculated  or  twisted  appearance.  In  the  structure 
of  its  wall,  the  cystic  duct  resembles  the  gall-bladder. 


THE  PANCREAS. 

The  pancreas  (fig.  282,  lit)  is  a long,  narrow,  flattened  gland  of  a 
reddish  cream  colour,  larger  at  one  end  than  at  the  otliei,  anc  y © 
across  the  posterior  wall  of  the  abdomen,  behind  the  stomach,  and 
opposite  the  first  lumbar  vertebra.  Its  larger  end,  the  head,  tmaed 
to  the  right,  is  embraced  by  the  curvature  of  the  duodenum,  w 
left  or  narrow  extremity,  the  tail,  reaches  to  a somewhat  higi  > 

and  is  in  contact  with  the  spleen. 

The  pancreas  varies  considerably,  in  different  cases,  in  its  stee  Mid 
is  usually  from  6 to  S inches  long,  about  1*  inch  m ^ 

from  half  an  inch  to  an  inch  in  thickness,  being  thicker  at  its  hea<  . ‘ ° d 

border  than  elsewhere.  The  weight  ot  the  gland,  according  to  Juauae  ana 
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Clendenning-,  is  usually  from  2]-  oz.  to  3j  oz. ; but  Meckel  lias  noted  it  as  liio-h 
6 oz.,  and  Scemmen'ing  as  low  as  1^  oz, 

The  anterior  surface  of  the  pancreas  is  covered  with  the  posterior 
wall  of  the  sac  of  the  omentum, and  is  concealed  by  the  stomach,  which 


Fig.  282. 


Fig.  282. —View  of  the  Pancreas  and  surrounding  Organs.  l-5th. 

In  this  figure,  which  is  altered  from  Tiedemann,  the  liver  and  stomach  are  turned 
upwards  to  show  the  duodenum,  the  pancreas,  and  the  spleen  : l,  the  under  surface  of 
e liver  ; rj  gall-bladder;  /,  the  common  bile  duct,  formed  by  the  union  of  the  cystic 
duct  from  the  gall-bladder,  and  the  hepatic  duct  coming  from  the  liver  o the  cardiac 
end  of  the  stomach,  where  the  oesophagus  enters  ; s,  under  surface  of  the  stomach  • n 
pyloric  end  of  the  stomach  ; d duodenum  ; h,  head  of  the  pancreas  ; t,  tail,  and  i body 
of  that  gland  ■ the  substance  of  the  pancreas  is  removed  in  front,  to  show  the  pancreatic 

f ? it’rf* ; the  i *.  at  which  ’the  blood  “Sento 

c,  c,  cn.ua  of  the  diaphragm  ; n,  superior  mesenteric  artery  ; a,  aorta. 

lt"  +1Tlie  p?stei’ior  surface  is  attached  hy  areolar  tissue  to 
the  vena  cava,  the  aorta,  the  superior  mesenteric  artery  and  vein  the 
commencement  of  the  vena  portae,  and  the  pillars  of  the  diaphragm  L c) 
which  parts,  besides  many  lymphatic  vessels  and  glands,  are  inter’ 
1 seel  between  it  and  the  upper  lumbar  vertebrae : to  the  left  of  the 

Ind  HdLv  n attaChfd  Sim!larl^t0  the  leffc  suprarenal  capsule 

behindfhJ  noid  ° f rena  VeSSeIs‘  0f  the  larSe  vesseIs  situated 
PmWnii  P+fCreas>  the  suPenor  mesenteric  artery (n)  and  vein  are 

curvino-  somewhmSh^ta dCfi°f  ^ gknd’ the  lower  extremity  of  the  head 
in  a complete  l ™ f f d • 1°  f sometimes  to  enclose  these  vessels 
and th^  downwards  and  forwards, 

it  and  tL  tenltefZ  boffeiatVhe;°Wer  border  of  the  Pancreas>  between 
pancreas  • and  hi  n if  16  ^uod“nm-  The  cceliac  axis  is  above  the 
placed  the  smlenlo  aSf6  f°Dg  tbe  uPPer  border  of  the  gland  are 
the  artery  a tortuous  couLrldTAff6  .Pnrsuin"  a straight,  and 
the  pancreas,  the  narrow  extremhv  If  SUiPp  “nmerons  branches  to 

inner  surface  of  the  °Ai1S  thuS  afcfcached  to  the 

I v )•  The  head  of  the  pancreas,  embraced  by 

“”5  S'a“d  iS  S0mettaes  offfcom  the  rest,  and  i,  then  named  tie 
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the  inner  curved  border  of  the  duodenum,  is  attached  more  particularly 
tn  the  descendin'1,  and  transverse  portion  of  that  intestine,  encroach- 
slteMly Tn  both  the  anterior  and  posterior  surface.  The  ductus 
communis  choledochus  passes  down  behind  the  head  of  the  pancreas, 
and  is  o-enerally  received  into  a groove  or  canal  in  its  substance. 

Structure.— The  pancreas,  belongs  to  the  class  of  compound  race- 
irin<5p  o-lands  In  its  general  characters,  and  also  in  its  intimate  structure 
t closely  resembles  the  salivary  glands,  to  the  description  of  the  minute 
structure  of  which  the  reader  is  referred  (p.  339).  It  is  somewhat 
looser  and  softer  in  its  texture  than  those  organs,  the  lobes  and  lobules 
being  less  compactly  arranged. 

The  alveolar  cells  differ  from  those  of  the  submaxillary  gland  in  not  containing 
' resemblin'*  in  this  respect  the  cells  of  the  parotid  : moreover,  the 
Columnar  cells  of  the  ducts  appear  to  be  devoid  of  the  striated  base  seen  m 
tim  “of  the  -submaxillary,  and  the  ducts  themselves  have  au  irregular,  angular 
shane  hut  in  all  essential  points  of  structure,  and  m the  distribution  of  the 
vessels  and  nerves,  the  two  glands,  as  far  as  is  known,  entn-ely  agiee. 

The  principal  excretory  duct  (fig.  282  e),  called  the  pancreatic  duct 
Jl  0f  Wirsung  (by  whom  it  was  discovered  m the  human  subject 
£ ««) 1m  XgVthe  entire  length  of  the  gland  from  left  to 
vio-ht  buried  completely  in  its  substance,  and  placed  rather  neater  its 
iwe  • S its  imper  border.  Commencing  by  the  union  of  the  small 
duels  derived  from  the  groups  of  lobules  composing  the  tail  of  the 
„rj  receivin'1,  in  succession  at  various  angles,  and  fiom  all 
pancreas,  and  re of  the  gland,  the  canal  of  Wirsung  in- 
sides, the  ducts  d towards  the  head  of  the  pancreas,  where, 

amonTo Kge tSS. % is  usually  joined  by  one  derived  from 
tC  nortion  of  the  gland  called  the  lesser  pancreas.  Curving  slightly 
that  poitio  & ,ic  duct  then  comes  into  contact  with  the  left 

SfS’dnetnrcoSnirSedochus,  which  it  accompanies  to  the 
T , art  of  fte aST  portion  of  the  duodenum.  Here  the  two 
back  part  of  ® obliquely  through  the  muscular  and 

ducts,  placed  side  by _ md  as  already  described, 

areolar  coats  of  the  : into st^  anJ  comm’ou  orifice,  situated  at 
°n  its  internal  mucous ^ suifac  , y ^ fcions  of  the  duo- 

tbe  junction  of  the  below  the  pylorus.  The  pan- 

denum  between  three ^ an  distinguished  from  the  glaudu- 

creatm  “of  its  thin  fibrous  walls, 

lar  substance,  by  tne  ve  ) y „ x bne  t0  H line  m diameter, 

Its  widest  part;  near  the  duodenum  is  , listalM 

or  nearly  the  size  of  an  ordinary  ^ ^ mucous 

nSSS  of  the^duct  occasionally  presents 
a few  scattered  recesses. 

c,  . . ;s  double  up  to  its  point  of  entrance  into  the 

Varieties.  Sometime.  ^ . , . from  the  ordinary  condition  is  not 

duodenum  ; and  a still  further  ev  W)Wiemcntary  duct,  derived  from  the 

unfrequently  observed,  m which  t the^land,  opening  into  the  duodenum 

lesser  pancreas  or  some  part  of  the  hadoffte  lanu.  ^ g ^ termination  of 

branches  of  the  hepafo  and 
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superior  mesenteric.  Its  blood  is  returned  by  the  splenic  and  superior  mesenteric 
veins.  Its  lymphatics  terminate  in  the  lumbar  vessels  and  glands.  The  nerves 
of  the  pancreas  are  deiived  from  the  solar  plexus. 


THE  SPLEEN. 

The  spleen  (fig.  282,  r)  is  a soft  highly  vascular  and  easily  distensible 
organ,  of  a dark  bluish  or  purplish  grey  colour.  It  is  situated  in  the  left 
liypo-chondrium,  between  the  cardiac  end  of  the  stomach,  and  the  dia- 
phragm. It  is  the  largest  of  the  organs  termed  ductless  glands. 

The  shape  of  the  spleen  is  somewhat  variable  : it  forms  usually  a 
compressed  oval  mass,  placed  nearly  vertically  in  the  body,  and  having 
two  faces,  one  external,  convex,  and  free,  and  which  is  turned  to  the  left"; 
the  other  internal  and  concave,  which  is  directed  to  the  right,  and  is 
applied  to  the  cardiac  end  or  great  cul-de-sac  of  the  stomach  : it  also 
presents  an  anterior  sharper  and  a posterior  blunter  margin. 

The  convex  face  of  the  spleen,  smooth  and  covered  by  the  peritoneum 
is  in  contact  with  the  under  surface  of  the  left  side  of  the  diaphragm' 
and  corresponds  with  the  ninth,  tenth,  and  eleventh  ribs.  The  internal 
concave  face  is  divided  by  a vertical  fissure,  named  the  hilus  (v),  into 
an  anterior  and  posterior  portion,  both  covered  with  peritoneum,  con- 
tinued round  the  borders  from  the  convex  surface.  The  anterior  of 
these  two  portions  is  the  larger,  and  is  closely  applied  to  the  stomach  • 
the  posterior  is  in  apposition  with  the  left  pillar  of  the  diaphragm  and 
left  suprarenal  capsule.  The  anterior  border  of  the  spleen  is  thinner 
than  the  posterior,  and  is  often  slightly  notched,  especially  towards  the 
lower  part  (see  fig.  282).  The  low'er  end  is  pointed,  and  is  in  contact 
with  the  left  end  of  the  arch  of  the  colon  (splenic  flexure),  and  rests  on 
the  costo-colic  ligament.  The  position  of  the  hilus  corresponds  with 
the  line  of  attachment  of  the  gastro-splenic  omentum,  a fold  of  perito- 
neum, continuous  with  the  left  border  of  the  great  omentum,  attaching 
the  spleen  to  the  left  extremity  of  the  stomach.  Along  the  bottom  of 
this  fissure  are  large  openings,  which  transmit  blood  vessels  with 
lymphatics  and  nerves,  to  and  from  the  interior  of  the  oro-an  In 
some  cases  there  is  no  distinct  fissure,  but  merely  a row  of  openings 
for  the  vessels  ; and  in  others  the  situation  of  the  hilus  is  occupied 
by  a longitudinal  ridge,  interrupted  by  the  vascular  orifices.  A por- 
tion of  variable  extent  behind  the  hilus,  and  towards  its  lower  end  will 
usually  be  observed  deriving  its  peritoneal  covering  from  the  sac  of  the 
omentum,  at  least  in  the  young  subject. 


The  spleen  varies  in  magnitude  more  than  any  other  organ  in  the  body  • and 
this  not  only  in  different  subjects,  but,  as  may  be  ascertained  by  percussion  in 

imuos?blemto  rtatU  ’ H COnditi?ns-  0n  tlliy  account  it  is  difficult  or 

ipossible  to  state  what  are  its  ordinary  weight  and  dimensions  • in  the  adult  it 

measures  general!,  about  5 or  U inches  from  the  upper  to  the  lower  end  3 or  1 

St  esmfS°r  40  ??»"•**  “«  » « 4 inch  frw  teiteSaj 

to  16  cubic  ffich^  Trtbf11  V V0lume’  according  to  Krause,  is  from  9f 
its  wertrwSfrn  Skater  number  of  a series  of  cases  examined  by  Reid, 

4 and  10  ounces  Grav  sHte  n + ,-,ee  flom  dlsease'  may  fluctuate  between 

the  adt  tdy  varSsttt  .*&  *1  tothn  « t tT  40  ^ 

1 ■ 360  After  the  ao-p  nt  fn,+  1 ^le  foetus  the  proportion  is  as 

in  old  age  the  weight  of  the  sjfleen  f-’a?Ually  dimilli'"hes,  s0  that 

_ .,  ° „ ,,  . ° e bpieen  is  to  that  of  the  bodv  as  1 • 700  The  supciflc 

gravity  of  this  organ,  according  to  Haller,  Scemmerring,  and  Snu2  ifal^t 
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TOGO.  In  intermittent  and  some  other  fevers  the  spleen  is  much  enlarged, 
reaching-  below  the  ribs,  and  often  weighing  as  much  as  1 8 01  20  lbs.  In 
enlargement  and  solidification  it  has  been  known  to  weigh  upwards  of  40  lbs  ; 
and  it  has  been  found  reduced  by  atrophy  to  the  weight  of  two  drachms. 

Small  detached  roundish  nodules  are  occasionally  found  in  the  neighbourhood 
of  the  «pleen  similar  to  it  in  substanoe.  These  are  commonly  named  acccmnj 
or  supplementary  spleens  (splenculi ; lienculi).  One  or  two  most  commonly 
occur  but  a greater  number,  and  even  up  to  twenty-three,  have  been  met  with. 
They  ' are  small  rounded  masses,  varying  from  the  size  of  a pea  to  that  of  a 
walnut.  They  are  usually  situated  near  the  lower  end  of  the  spleen,  eithei  in 
the  gastro-splenic  omentum,  or  in  the  great  omentum.  These  separate  splenculi 
in  the  human  subject  bring  to  mind  the  multiple  condition  of  the  spleen  m 
some  animals  ; as  does  also  the  deeper  notching  of  the  anterior  margin  of  the 
organ  which  sometimes  occurs  in  man. 


STRUCTURE  OF  THE  SPLEEN. 

The  spleen  has  two  membranous  investments — a serous  coat,  derived 
from  the  peritoneum,  and  a special  albuginous  fibro-elastic  tunic,  the 
substance  of  the  organ,  which  is  very  soft  and  easily  lacerated,  is  ot  a 
dark  reddish-brown  colour,  but  acquires  a bright  red  hue  on  exposure 
to  the  air.  Sometimes,  however,  the  substance  of  the  spleen  is.  paler, 
and  has  a greyish  aspect.  It  also  varies  in  density,  being  occasionally 
rather  solid,  though  friable.  The  substance  of  the  organ  consists  of  a 
reticular  framework  of  whitish  elastic  bands  or  trabecula,  of  a large 
proportion  of  blood-vessels,  and  of  a peculiar  intervening  pulpy  sub- 
stance, besides  nerves  and  lymphatic  vessels.  , - . 

The  serous  coat  is  thin,  smooth,  and  firmly  adherent  to  the  elastic 
tunic  beneath.  It  closely  invests  the  surface  of  the  ergaip  exccpt  at 
the  places  of  its  reflection  to  the  stomach  and  diaphragm,  and  at  the 

lnlTh'e  tunica  propria  (284,  a),  much  thicker  and  stronger  than  the 
serous  coat,  is  whitish  in  colour  and  highly  elastic  It  ^ continuous 
with  the  trabecular  structure  within.  Along  the  lulus  this  coat  is 
reflected  into  the  interior  of  the  spleen,  m the  form  of  large  trabeculae, 
supported  and  enclosed  by  which  run  the  blood-vessels  and  nerves,  so 
that  these  are,  as  it  were,  ensheathed  by  prolongations  of  the  fibiou 
coat.  These  sheaths  ramify  with  the  vessels  ^ 

far  as  their  finer  subdivisions,  and  are  connected  with  the  numeiou 

trabecular  processes  which  pass  into  the 

surface  of  the  fibrous  coat.  The  arrangement  of  the  sfleatiis  ana 
SbSto  W be  easily  displayed  in  the  spleen .0  by  pre^ng 

and  washing  out  the  pulp  frojn a section  ; and  then they  are  seen  tc 
form  a close  reticulation  through  the  substance.  Thus  the Rop® coat 
the  sheaths  of  the  vessels,  and  the  trabeculae,  all  of  a highly  elastic 
nature,  constitute  a distensible  framework,  which  ^nt^B  ™ ^ 
stices  or  areolae  the  vessels  and  the  red  pulpy  substance  ^ 1 _ * 

These  fibrous  structures  are  composed  of  interlaced  bun  e ^ 

tissue  containing  a large  amount  of  fine  elastic  tissu  . ‘ , , 

these6 elements,  in  the  spleen  of  the  pig,  the  dog,  and  the  cat,  and  to  a 
smaller  extent  in  that  of  the  ox  and  sheep,  there  is  found 
admixture  of  plain  muscular  fibre-cells,  resembling  those  of  the > middle 

coaTof  arteries.  A scanty  admixture  of 

in  the  trabeculae  and  fibrous  coat  of  the  Human  spitt-u  \ , 

W Midler).  The  elasticity  of  the  fibrous  coat  and  trabecu  £e,  o 
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with  whatever  amount  of  muscularity  they  may  possess,  renders  the 
spleen  capable  of  the  great  and  sudden  alterations  in  size  to  which  it  is 
subject. 

The  pulp  of  the  spleen  is  of  a dark  reddish-brown  colour  : when 
pressed  out  from  between  the  trabeculae  it  resembles  grumous  blood 
and,  like  that,  acquires  a brighter  hue  on  exposure  to  the  air. 

When  a thin  section  is  examined  under  the  microscope  the  pulp  is  seen 
to  consist  of  a reticulum  of  branched  connective-tissue  corpuscles,  which 
are  of  various  forms  and  sizes  ; in  some  parts  little  but  the  intercom- 
municating branches  remaining,  forming  a fine  retiform  tissue,  in  other 
parts  the  cells  being  larger  and  in  closer  connection  (fig.  285,  p) 
These  corpuscles,  which  may  be  termed  the  supporting  cells  of  the  pulp 
contain  each  a clear  oval  nucleus,  like  connective  tissue  cells  <mnerally  •’ 
moreover,  in  teazed-out  preparations  of  the  fresh  spleen  substance  it  is 
not  uncommon  to  find  within  them  yellowish  pigment  granules  of 
_ various  sizes,  presumed  to  be  derived  from  blood  corpuscles  • indeed 
every  stage  of  retrogressive  metamorphosis  of  blood  corpuscles  may  be 
noticed  to  occur  within  them.  The  interstices  between  these  sus- 

^ntaooKar,^  lS,  are’,  m sectl011s’  always  found  to  be  occupied  by  blood 
(fig.  285  hi),  the  white  corpuscles  being,  however,  in  rather  larger  pro- 
portion than  m ordinary  blood,  especially  in  the  neighbourhood  of  the 
Malpighian  corpuscles  to  be  immediately  described. 

Blood-vessels.— The  splenic  artery  and  vein,  'alike  remarkable  for 
their  great  proportionate  size,  having  entered  the  spleen  bv  six  or  more 
blanches,  ramify  m its  interior,  enclosed  within  the  trabecular  sheaths 
already  described.  The  smaller  branches  of  the  arteries  leave  the  tra- 

iM ^ smail^dfKPnfSSmguyifc°  thG  p;’°per  substance  of  the  spleen,  terminate 
m small  tufts  of  capillary  vessels  arranged  in  pencils  (fig  283) 

lhe  external  or  connective  tissue  coat  of  these  smaller  arteries 

becomes  transformed  into  lymphoid  tissue,  which  forms  a comparatively 

dSdh \ sheath  becomeXSS 

aiiateclfieie  and  there  into  small  spheroidal  bodies  measuring  on  ™ 

thanThis^ipto  “t°h  if  diamT’  b*5t  Vfrjins  in  size  ^'0,n  much  smaller 
n ii-  a 1 27th  of  an  inch,  and  closely  resembling  the  Ivmnlmid 

follicles  met  with  in  the  intestine  and  elsewhere  These  SS 

expansions  may  be  seen  on  the  surface  of  a fresh  section  n r t f 

™i og  nd°tm'e1  Sp0t?  S"  ” the 

o^e ffir  s|d  th0 

adrPtp  td„ 

ft equen tin  the° human ' siilri e L msfcancesT‘Td  this  is  most 
the  circumference  of  flip  vn  -oi  l L eWaoslou  takes  place  all  round 

and  which  is  generally  simller  in  Tl  W nc  i t ie^  aPPear  to  be  pierced, 
branches  which  are  distributed  in  thn  S cafes  aild  sentls  radiating 
then  appears  attached  by  -i  short  gplan  corPuscle-  This  latter 

artery  is  a branch.  y 01  fc  Peduucle  to  the  vessel  of  which  its 

sions  of  thePlymphoid°tissue  of  wV  wi  JUSt  stated’  localized  expan- 
arteries of  the  spleen  is  ibnno  i W m*? 1 tlie.  external  coat  of  the  smaller 
paratively  open,  being  almost  'l  yeticulum  of  the  tissue  is  com- 
puscle  : at  the  confines  it  l aPsent  towards  the  centre  of  the  cor- 

distinct  boundary  separating  Cimes  closei'  5 there  is,  however,  no 
vol.  ii.  J Pdiacm g it  from  the  retiform  tissue  of  the  pulp 
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/■Runic  and  Huxley).  The  meshes  are  densely  packed  with  lymphoid 

corpuscles  and  the  tissue  is  traversed  by  blood  capillaries.  . 

corpuscles,  auu  me  n «phe  smap  arteries  terminate 

Pig-  283.  jn  capillaries,  the  walls  of  which, 

as  described  by  W.  Muller,  after 
a longer  or  shorter  course,  lose 
their  tubular  character,  the  cells 
composing  them  acquiring  pro- 
cesses and  becoming  connected 
by  these  with  the  connective 
tissue  cells  of  the  pulp.  In  this 
manner  their  blood  flows  directly 
into  the  interstices  of  the  pulp 
tissue.  The  veins,  which  often 
exhibit  transverse  markings, 
perhaps  due  to  a corresponding 
arrangement  of  the  retiform 
tissue  on  their  surface,  com- 
mence in  this  tissue  in  the  same 
manner  as  the  capillaries  ter- 
minate ; that  is  to  say,  the  layer 
of  flattened  cells  which  lines  and 
mainly  composes  their  walls,  on 
being  traced  back,  loses  its 
epithelioid  character,  and  the 
cells,  becoming  thickened  and 
enlarged  and  their  nuclei  pro- 
minent, are  found  to 
be  separated  from  each 
other,  but  connected 
bv  processes  with,  and 
passing  into  those  of 
the  pulp  (fig.  285).  The 
small  veins  take  a dif- 
ferent course  from  the 
corresponding  arteries, 
for  they  soon  pass  to 
and  are  conducted 
upon  and  within,  the 
trabeculae,  freely  join- 
ing and  anastomosing, 
whereas  the  arteries 
appear  to  have  few  or 
no  anastomoses  within 
the  substance  of  the 
organ. 


Fig.  283.  — Small  Artery  from  Dog’s 
Spleen  with  Malpighian  Corpuscles  at- 
tached. 10  Diameters  (Kolliker). 

Fig.  284. 


284.— Vertical  Section  of  a Small  Superficial 
ortion  of  the  Homan  Spleen  (from  Kolliker).  Low 

Peritoneal  and  fibrous  covering  ; l,  trabeculae  ; cc, 
pigliian  corpuscles,  in  one  of  which  ^ ^ery  is  see 
transversely,  in  tlie  otlier  longitudinally  , d,  mjeete 
jrial  twigs  ; c,  spleen-pulp. 


From  the  description 
above  given,  it  would 
appear  that  tlie  blood  in 
passing  through  tlie  spleen 

is  brought  into  immediate 

relation  with  the  elements 
of  the  pulp,  and  no  doubt 
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undergoes  important  changes  in  the  passage ; in  this  respect  resembling  the 
lymph  as  it  passes  through  the  lymphatic  glands.  Two  modifications  which 
are  probably  effected  in  it  may  be  here  pointed  out.  In  the  first  place  the 
lymphoid  tissue  ensheathing  the  arteries,  together  with  that  composino-  the 
Malpighian  corpuscles,  would  appear,  like  the  same  tissue  in  the  lymphatic  glands 
and  other  parts,  to  be  the  seat  of  the  production  of  pale  blood  corpuscles.  At  the 
circumference  of  this  tissue,  these  may  pass  into  the  interstices  of  the  pulp  and 
so  get  into  the  blood. ' It  is  found,  in  fact,  that  the  blood  of  the  splenic  vein  is 
extremely  rich  in  pale  corpuscles.  In  the  second  place,  red  blood-corpuscles 
would  appear  to  be  taken  into  the  interior  of  the  pulp-cells,  their  colouring  matter 
being  transformed  into  pigment,  which  is  then  probably  carried  to  the  liver  by 
the  splenic  vein,  to  be  eliminated  with  the  bile  (Eolliker).  Splenic  cells  have 
an  fact,  been  noticed,  when  examined  on  the  warm  stage,  to  take  red  corpuscles’ 
which  were  in  contact  with  them,  into  their  interior. 


Fig.  285. 


Eg.  285— Th,»  s™  o.  S»m»- m,p,  h.ohly  show,™  MoM  , 

URIG1N  OF  A oMALL  VEIN.  CHROMIC  ACID  PREPARATION. 

have  been  omitted  from  the  fmire  and  the  hrineWi  ! n P'  i Ati  1 1)lo°d-corpuselc 
veio.  Tie  smsI1 


ran  m pairs,  one  on  either  side  nf  6 .ff  a e seen  tbe.f  commonly 

anastomoses,  and  sometimes  nartinllv  nr  Uaitlng'  over  it;  by  frequent 

two  sets  of  lymphatEs X f 7^1  euclosinS  it  At  the  hilus  the 
neighbouring  lymphatic  glands.  1 060  a °US  the  ffastrospleilic  omentum  to  the 

splenic  arteiy  ’and  rt^brancliet116  Th^'l  pleXfS’  surromid  and  accompany  tho 
the  interior  of  the  organ.  ’ * 16y  AaVe  been  traced  by  Remak  deeply  into 

The  followin  cr  WorlcQ  r»n  fU  i 

Use  of  the  Spleen,  1854  ; Budc^nd1  H ^ ref®rred  to  Gray,  Structure  and 
Sydenham  Society’s  translation  0atbe  Malpighian  Bodies,  in  the 

Jour.,  ii.,  p.  74  ; Wh  Szeit^  St  ’ also  ^ey,  - Micro, 

d.  fein.  Ban  der  Milz,  1865  and  * Z°°lo^le’  xi  > W.  Miiller,  Ueber 

Arch.,  xxiv.  ; Sohweigger-Seidel  Vhv>n  StrKTkers  Handbook;  Stieda,  in  Virch. 
idviii.  ; Kyber,  Arch.  f.  Mila-.  Anat  vi  * TC  XXvii'  > Tomsa>  Wiener  Sitzungsb, 
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the  urinary  organs. 

This  urinary  organs 

nation.  As  a&Te“ 

capsules  are  usually  described  along  with  hew  > 

have  no  relation,  so  far  as  is  known,  to  the  secrcuuu 

THE  KIDNEYS. 

The  Tcidneys,  two  in  number,  are  deeply  ^ted .m 
lying  one  on  each  side  of  the  vertebral  column,  at  the  DacK  ^ & ^ 

abdominal  cavity,  and  behind  tie i pen Vee  upper  lumbar  vertebrae,  the 
with  the  last  dorsal  and  the  two  probably  in  consequence 

issSS 

organ  in  the  male,  and  3f  oz.  “ the ' otl hptween  the  ages  of  twenty-five  ana 
sixty-five  males  and  twenty-eight  fema  , . ^ rather  more  than  5|  oz. 

fifty-five)  would  indicate  a hig  6f  ^tter  A-the  difference  between  ffet™ 
in  the  former,  and  not  quite  a oz  ‘ ounce.  The  prevalent  weights  of  the 

sexes  being  therefore  upwards  of  half  an  oirno  ^ ^ ^ male  (160  observa- 

kidney,  as  deduced  from  the  tabl  | ale  (74  observations)  from  4 oz.  to 

tions)  from  4%  oz.  to  6 oz.,  and  “ give  stiff  higher  average 

54  oz.  The  tables  more  recently  pnbhsh  y kid  are  seldom  of  equal 
results  as  to  the  weight  of  these  organs.  ^ ^ ^ rfgW,  The  difference 
weio-ht  the  left  being  ahnost  always  h ounce  The  actual  average 

SK  to  Royer,  is  equal  to  *—»  *> 

difference  woe  found  by  Reid  m weight  of  the  two  kidneys 

M - «• — — 13  ab0,“ 

The  surface  of  the  lddney  is  ™“*’b“ore°LckwS dlAfo°a“onYex 

form  is  peculiar  : it  is  compressed  hat  enlarged  extremities. 

. outer,  aid  concave  inner  bon der  and sornewh: »han  the posteriory 
Connections.— The  anterior  sv '■  f ■;  covered  at  its  upper  end  bv 
looks  somewhat  outwards,  and  1S  1 finding  colon,  both  destitute  of 

the  peritoneum.  The  duodenum  ascendmg  ^ of  ^ right 

■ peritoneum  behind,  are  in  contact  w left.  The.  front  of 

kidney,  and  the  descending  co  on  surface  of  the  liver,  and 

the  right  kidney,  moreover,  touches  Um  una  m $urf  ^ 

it^ssta 


, STRUCTURE  OF  THE  KIDNEYS. 


40? 


muscle  , .m'd!,  lastly,  on  the  psoas  muscle.  The  external  border,  convex 
in  its  general  outline,  is  directed  somewhat  backwards  towards  the  wall 
of  the  abdomen.  The  internal  border,  concave  and  deeply  excavated 
towards  the  middle,  is  directed  a little  downwards  and  forwards.  It 
presents  a longitudinal  fissure  bounded  by  an  anterior  and  posterior 
lip,  and  named  the  Tiilus  of  the  kidney,  at  which  the  vessels,  the  excre- 
tory duct,  and  the  nerves  enter  or  pass  out.  In  this  hilus,  the  renal 
vein  lies  in  front,  the  artery  and  its  branches  next,  and  the  expanded 
excretory  duct  or  ureter  behind  and  towards  the  lower  part.  The 
upper  end  of  the  kidney,  which  is  larger  than  the  lower,  is  thick 
and  rounded,  and  supports  the  suprarenal  capsule,  which  descends  a 
little  way  upon  its  anterior  surface.  This  end  of  the  kidney  reaches,  on 
the  left  side,  to  about  the  upper  border  of  the  eleventh  rib,  and  on  the 
right,  half  a rib’s  breadth  lower.  It  is  moreover  directed  slightly  in- 
wards, so  that  the  upper  ends  of  the  two  kidneys  are  nearer  to  each  other 
than  the  lower  ends,  which  are  smaller  and  somewhat  flattened,  diverge 
slightly  from  the  spine,  and  reach  nearly  as  low  as  the  crest  of  the 
ilium.  It  may  here  be  remarked  that,  by  placing  the  larger  end  of  the 
kidney  upwards  and  its  flatter  surface  backwards,  or  by  noticing  the 
relation  of  the  parts  in  the  hilus,  the  side  of  the  body  to  which  the 
organ  belongs  may  be  determined. 


. "Varieties.— The  kidneys  present  varieties  in  form,  position,  absolute  and  rela- 
tive size,  and  number.  Thus,  they  are  sometimes  found  longer  and  narrower, 
■and  sometimes  shorter  and  more  rounded  than  usual.  Occasionally  one  kidney 
is  very  small,  whilst  the  other  is  proportionately  enlarged.  The  kidneys  may. 
one  or  both,  be  situated  lower  down  than  usual,  even  in  the  pelvis. 

Instances  are  now  and  then  met  with  in  which  the  two. kidneys  are  joined  by 
then  lower  ends  across  the  front  of  the  great  blood-vessels  and  vertebral  column 
The  conjunct  organ  has  usually  the  form  of  a semicircle,  the  concavity  of  which 
is  directed  upwards— hence  the  appellation  of  the  home-shoe  kidney.  Sometimes 
two  united  kidneys  are  situated  on  one  or  other  side  of  the  vertebral  column, 
m the  lumbar  region,  or,  but  much  more  rarely,  in  the  cavity  of  the  pelvis. 
In  other  very  rare  cases  three  glandular  masses  have  been  found,  the  super- 
numerary organ  being  placed  either  in  front  or  on  one  side  of  the  vertebral 
•column,  or  in  the  pelvic  cavity. 


Obvious  Structure— The  kidney  is  surrounded  by  a proper  fibrous 
coat,  which  forms  a thin,  smooth,  but  firm  investment,  closely  covering 
the  organ.  It  consists  of  dense  fibro-areolar  tissue,  together  with  nu- 
merous fine  elastic  fibres,  and  can  easily  be  detached  from  the  substance 

the  gland,  to  which  it  adheres  by  minute  processes  of  connective 
tissue  and  vessels. 

open  the  kidney  by  a longitudinal  section,  from  its 

founr/io  plflnnf’  b0rd?'’  t lG  fissure  named  hilus  (fig.  286,  h,  h)  is 
cavitv  cdWlT  S°-me  dl®tance  into  the  interior  of  the  organ,  forming  a 

except  at  tit  i p tlu\  kidneF  (s)-  This  is  enclosed  on  all  sides 

bv  an  inwtd  t ? hj  ^ S0Jld  ^stance  of  the  organ  ; and  is  lined 

of  a cortical  and  onsatl°n  °t  the  fibrous  coat.  The  solid  part  consists 

in  sentat  i medullariJ  substance  ; the  latter  being  arranged 

broad*  bases  (in  inamed  “ Pyramids  of  Malpighi,”  with  their 

i°Wards  the  surface>  and  their  points 

are  imbedded  in  / b 1 leie  they  form  prominent  papillce.  The  pyramids 

other  and  enr-1  L 1Ca  suhstance,  which  separates  them  from  each 

cmerie^ from ^ eVer?where  except  at  the  papillce,  which 
emerge  Horn  it  and  project  into  the  sinus.  i i ’ 
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The  external  or  cortical  substance  (a)  i. :* taJW 
the  fibrous  capsule,  and  lorms  t ic  ^^““hole  extcllt  to  the  depth  of 

Vi„  286.  about  two  lines,  and  moreover  sends 

prolongations  inwards  {septula  o enumr 
or  column  a i Jkrtmi)  between  the  py- 
ramids as  far  as  the  sinus  and  bases- 
of  the  papillae.  It  is  of  a nearly  uni- 
form light  crimson  brown  appearance, 
and  is  soft  and  easily  lacerated  m di- 
rections vertical  to  the  surface,  ine 
medullary  portion  of  the  kidney  is 
more  dense  than  the  cortical,  and  is 
distinctly  striated,  owing  to  its  con- 
sisting of  small  diverging  unniferous 
tubes,  and  to  its  blood-vessels  being 
arranged  in  a similar  manner.  Thei 
are  generally  more  than  twelve  py- 
ramids, but  their  number  is  incon- 
stant, varying  from  eight  to  eighteen. 
Towards  the  papillae  the  pyramids 
are  of  a lighter  colour  than  the  coi- 
tical  substance,  but  at  their  base 
they  are  usually  purplish  and  darker 
Excretory  Apparatus.  — vn 
squeezing  a fresh  kidney  whicbbas 

„ the  corM  — ; f,  * W J-  dX“from  the  Win.  by 

named  calices,  or  infundibula,  laid  open  , gecretion  is  carried  awaV  c 
c',  one  of  these  unopened  \ d,  d,  summit  ^ the  bladder  by  the  UietCl. 

of  the  pyramids  or  papillae  projectmg  J being  traced  up 

into  calices  ; «,  c,  section  of  the  narrow  This  long  tUDe  ^ ^ 

uart  of  two  pyramids  near  the  calices  , to  the  kidney  IS  j „g  n 

p,  pelvis  or  enlarged  portion  of  the  ureter  en|arged,  and  then  to  ' P ‘ ej_ 
within  the  kidney ; «,  the  ureter  , •,  enters  the  fiSSure,  into  a large  tunnel 

the  sinus ; h,  the  lulus.  i at)ed  dilatation  named  the  pen  is. 

snapea  u bufc  sometimes  only 

This,  within  the  sinus,  divides  usually m J;1  >t h end  in  a larger 

two  primary  tubular  dmsions,  a ^ m 1J ar a tiv el y wide  branches  named 

number  of  short,  truncated  bu^.  cp°“hPe  *111®  into  their  wide  mouths 

calicos  or  mfundihtla,  ^hieh  rece  th  p P^  minenceSj  from  which, 

and  are  attached  around  the  bases  u 

of  course,  they  catch  the  issuing  unn.  ^ eg  even  three  papillae, 

A single  calix  often  surrounds  two,  ^ caliceg  are  in  general 

which  are  in  that  case  nnited  to0ethe  , ^ between  the  calices  are 

not  so  numerous  as  the  papilla.  Thf  f £ imbedded  in  which  are  seen 
occupied  by  a considerable  amount  ot  , 

the  main  branches  of  the  renal  vessels.  . art  0f  the  calices 

1 Like  the  rest  of  the  ureter,  the  pelvis  ® lvlf  fibro-aleolar  and  elastic 
consist  of  three  coats,  viz.,  a strong  exteii  a^h^  ^ ^ papill{B  wlth 
tunic,  which  becomes  continuous  aionndtl  b ^ .g  contiuned  into  the 

+1  of  yxovt  of  the  proper  coat  of  the  kian  y , • i 01.  at  least  its 


p;«T.  286. — Plan  of  a Longitudinal 

Section  through  the  Pelvis  and 
Substance  of  the  Right  Kidney. 
One-half  the  natural  size. 

a,  the  cortical  substance  ; 6,  b, .broad 
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between  these  two,  a double  layer  of  muscular  fibres,  longitudinal  and 
circular.  The  longitudinal  fibres  are  lost  near  the  extremity  of  the  calix, 
but  the  circular  fibres,  according  to  Henle,  form  a continuous  circular 
muscle  round  the  papilla  where  the  wall  of  the  calix  is  attached  to  it. 


The  pyramidal  masses  found  in  the  adult  kidney  indicate  the  original  sepa- 


ration of  this  gland  into  lobules  m 
Each  of  these  primitive  lobules  is  in 
vestment  of  cortical  substance,  and 
divided  kidneys,  seen  in  many  of 
the  lower  annuals.  As  the  human 
kidney  continues  to  be  developed, 
the  adjacent  surfaces  of  the  lobules 
coalesce  and  the  gland  becomes  a 
single  mass ; the  contiguous  parts 
of  the  originally  separate  cortical 
investments,  being  blended  together, 
form  the  partitions  between  the 
pyramids  already  described.  More- 
over, upon  the  surface  of  the  kidney 
even  in  the  adult,  after  the  removal 
of  the  fibrous  capsule,  faintly  marked 
furrows  may  be  traced  on  the  corti- 
cal substance,  opposite  the  intervals 
in  the  interior  between  the  several 
Malpighian  pyramids  ; and  not  un- 
frequently  instances  occur  in  which 
a deeper  separation  of  the  original 
lobules  by  grooves  remains  apparent 
in  the  adult  kidney. 


ammmg 


the  earlier  stages  of  its  growth  (fig.  299). 
fact  a pyramid  surrounded  by  a proper  in- 
is analagous  to  one  of  the  lobules  of  the 


Fig.  28 7. 


Tubuli  uriniferi. — On  ex- 

the  summit  of  one  of’ 
the  papillae  carefully,  especially 
with  the  aid  of  a lens,  a num- 
ber of  small  orifices  may  be  seen 
varying  in  diameter  from  ^th 
to  2-^0  th  of  an  inch.  They  are 
frequently  collected  in  large 
numbers  at  the  bottom  of ‘ a 
slight  depression  or  foveola 
found  near  the  summit  of  the 
papilla,  but  most  commonly  the 
surface  is  pitted  over  with  about 
a score  of  small  depressions  of 
this  sort.  On  tracing  these 
minute  openings  into  the  sub- 
stance of  the  pyramids,  they  are 
discovered  to  be  the  mouths  of 
small  tubes  or  ducts,  the  uvini- 
ferous  tubes  before  mentioned 
which  thus  open  upon  the  sur- 
face.of  the  several  papillae  into 
the  interior  of  the  calices. 

As  these  tubuli  pass  up  into 
the  pyramidal  substance,  they  bifurcate 


THE  COURSE  AND  AR- 

Uriniferous  Tubes' 


Fig.  2S7. — Diagram  of 
kangement  of  the 
(from  Ludwig). 

Pi  corresponds  to  the  apical  part,  and  g,  to 
the  base  of  a pyramid  of  Malpighi ; r,  cortical 
part  ; ix,  excretory  tube  ; vm,  vn,  vi,  straight 
or  collecting  tube  with  its  branches  ; v,  junc- 
tional tube  ; iv,  ascending  limb  of  Henle’s 
loop  (A)  ; iii(  descending  limb  ; ii,  commencing 
convoluted  tube  ; i,  Malpighian  capside  with 
glomerulus. 


nmrloK  Hi  nil.  Qnnnneoii  u i l:)ltllroate  again  and  again  at  very  acute 
’ e blanches  running  close  together  in  straight  and 
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slightly  diverging  lines,  and  they  continue  thus  to  divide  and  subdivide 
until  they  reach  the  sides  and  bases  of  the  pyramids,  whence  they  pass, 
greatly  augmented  in  number,  into  the  cortical  substance,  where  they 
become  convoluted.  In  the  cortical  part  the  straight  tubules  belonging 
to  a Malpighian  pyramid  are  continued  for  some  way,  in  several  groups 
or  bundles,  the  tubules  in  the  centre  of  which  approach  nearer  the 
surface  than  those  at  the  sides,  which  sooner  become  convoluted,  so  that 
conical  bundles  are  formed  which  have  been  termed  pyramids  of  Ferre  in, 
several  of  which  therefore  correspond  to  a single  Malpighian  pyramid. 

The  tubes  commence  in  the  cortical  substance  by  spherical  dilatations 
(fig.  287,  i)  enclosing  like  a capsule  the  vascular  Malpighian  tufts  to  be 
afterwards  described.  Arising  in  this  manner,  the  tubes  are  at  first 
much  convoluted  (n)  ; they  then  become  smaller  (hi),  pass  straight 
down  in  the  pyramid  towards  the  papilla,  and  return  again  (iv),  forming 
the  looped  tubes  of  Henle.  Each  of  these  tubes  on  returning  to  the 
cortical  substance  becomes  again  convoluted  (v),  and  joins  one  of  the 
straight  collecting  tubes  (vi).  This  part  is  named  the  junctional  tube. 
The  collecting  tubes  uniting  together  eventually  form  the  excretory 
tubes  (in)  (often  called  ducts  of  Bellini),  which  open  on  the  papillae. 

Structure  of  the  tubules.— The  tubules  consist  in  every  case  of  a 
basement  membrane  and  epithelium,  but  the  form  and  character  of  the 


Fig.  2SS. 


Fig.  288.— Convoluted  Tubules  of  Kidney.  About  400  Diameters. 

a transverse,  a!,  longitudinal  section  of  a tubule  from  the  human  kidney  ; 6, portion 
of  a tubule  from  the  dog’s  kidney,  showing  the  striated  appearance0 
cells,  somewhat  analogous  to  that  observed  in  the  tubules  of  the  submaxillary  g a . 


latter,  as  well  as  the  size  of  the  tubes,  varies  considerably  in  the  diffeient 
parts.  In  the  straight  or  collecting  and  excretory  tubes  ie  ®1  . , , 

is  columnar  in  form,  the  cells  are  distinct,  and  the  lumen  . 

is  of  considerable  size.  These  tubules  are  largest  neai ; their  terrmi nation, 
at  a short  distance  from  which  within  the  papillae,  then  dia  < > 

according  to  Huschlce,  from  ^th  to  Th>th  of  an  ^ch;  f iuch 

the  pyramid  they  become  smaller,  measuring  about  00tl  ' 
in  diameter,  and  then  do  not  diminish  as  they  continue  to  bifurcate, 
but  remain  nearly  of  the  same  uniform  average  diametei. 


STRUCTURE  OF  THE  TUBULES.  *07 

The  convoluted  tubes  {tiibuli  contorti),  which  form  the  greater  part  of 
the  cortical  substance,  and,  together  with  vessels  and  connecting 
stroma,  the  whole  of  its  outermost  portion,  vary  in  diameter,  but  com- 

Fig.  290. 

2 '•  Si 

Fig.  289. 


Fig.  289.— Transverse  Section  op  a Papilla  op 
tub  Pig’s  Kidney.  400  diameters  (Kolliker). 

a,  a,  collecting  tubes  with  short  columnar  epithe- 
lium ; b,  b,  larger  ; c,  c,  smaller  tubes  of  Henle  ; d,  d, 
blood-vessels. 


^Fig.  290.  Tubes  of  Henle,  from  the  Pig’s  Kidney-.  400  diameters  (Kolliker). 
variPtv°P«  by  the  narr°we£ variety  of  Henle’s  tube;  2,  passage  of  the  broadci 

granular  epithelium  naU0Wer’  h > 3>  loop  formed  by  the  broader  variety  of  tube,  witl 


mfnbain,tllC  saT  aleraSe  width  as  the  smaller  straight  tubes, 
ovtromofw  n-..1  ° } an  .,nc  L tPe  convoluted  tubes  the  epithelium  is 

obscured"  ^ VUC  ei  .are>  in  fresl1  state,  for  the  most  part 

M to  W^nfth  epithelmm  m many  cases  almost  fills  the  tubule,  so 
scared v nnssihlo  °onh3ai’atiyely  small  lumen.  In  most  animals  it  is 

individual  cells  iTl)011  befT’1  11° 

bitter  qvp  mnnii  tlle  doS)’  but  111  tpe  human  kidney  the 

which ‘extend  almost  to  '***’’ 
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Fig.  291. 


According  to  the  descrip- 
tion of  Heidenhain,  the 
epithelium  of  these  tubules 
mainly  consists  of  minute 
thiclcly-set  rod  shaped  par- 
ticles, which  rest  by  one  end 
against  the  basement  mem- 
brane, whilst  the  other  pro- 
jects towards  the  centre  of 
the  tube,  surrounding  the 
nuclei,  which  are  imbedded 
in  a certain  amount  of  un- 
altered protoplasm.  He 
states  that  it  is  the  optical 
sections  of  these  “ rods 
which  produce  the  well- 
known  granular  appearance 
of  the  epithelium  of  the 
convoluted  tubules. 

The  descending  limb  of 
the  loop  of  Henle  is  very 
small  in  diameter,  but  has  a 
distinct  lumen,  being  lined 
by  flattened  cells,  each  with 
tpi  oval  nucleus  which  pro- 
duces a slight  bulging  into 
the  interior  of  the  tube  (fig- 

289,  e,  o ■ fig.  290,  1).  The 
ascending  limb  is  much  wider 
than  the  descending,  but  its 
lumen  is  comparatively 
small,  for  the  epithelium 
approaches  more  in  charac- 
ter to  that  of  the  convoluted 
tubules  having  a granular 
appearance,  and  almost  fill- 
ing the  tube  (fig.  289,  1)  j fig- 

290,  3).  The  bend  of  the 
loop  is  formed  sometimes 
by  the  larger,  sometimes  by 
the  smaller  kind  of  tubule, 
Schweigger-Seidel. 

Imbedded  among  the 
convoluted  tubules  in 
irregular  rows  between 
the  pyramids  of  Ferrein 
are  the  Malpighian  cor- 
puscles. These  arc  small 
rounded  bodies  . about 
T^th  of  an  inch  in  dia- 


?ig.  291.  — Diagrammatic  Representation  of  a ™rt  of ^prey^er'a  towing  by 
luted  Urikiferous  Tubes  with  toe  Glomeruli  (fiom  y, 

l 5,  two  large  straight  tubes  in  the  medullary,  substance of I tta  ^’ind  ; 

voluted  tubes  with  several  of  their  terminations  m tli » J the  glomeruli  ; 

stn Of  capillaries  between  them  and  the 
veins.  The  looped  tubules  of  Henle  are  not  represented. 
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meter,  but  sometimes  only  -g-^th  or  -^foth  of  an  inch.  They  consist 
each  of  a membranous  capsule,  containing'  a tuft  of  blood-vessels.  The 
vascular  tuft  or  glomerulus  is  formed  by  a small  afferent  artery  (fig. 
292,/;  fig.  298,  v , v'),  breaking  up  at  once  into  a number  of  minute 
branches,  which  form  convoluted  loops,  and  are  re-united  in  a single, 
somewhat  smaller  efferent  vessel  (fig.  292,  ^ ; fig.  293,  e,  e)),  placed  close- 


Fig.  292, 


Fig.  292. — Semidiagrammatic  Re- 
presentation op  a Malpighian 
Body  in  its  relation  to  the 
UriniferousTube  (fromKolliker). 
300  Diameters. 


ci,  capsule  of  the  Malpighian  body 
continuous  with  b,  the  meinbrana 
propria  of  the  coiled  uriniferous  tube  ; 

c,  epithelium  of  the  Malpighian  body; 

d,  epithelium  of  the  uriniferous 
tube  ; c,  detached  epithelium  ; f, 
afferent  vessel  ; cj,  efferent  vessel ; 
h,  convoluted  vessels  of  the  glome- 
rulus. 


Fig.  293. 


Fig.  293.  Malpighian  Corpuscle  from  the  Rabbit’s  Kidney:  nitrate  of  silver- 
preparation.  Highly  magnified  (Ludwig). 

are  ’also  scenic’  wm^eff  ° ^ ep*tbelioid  lining : at  v\  the  [transverse  muscular  fibre* 

markiners  nassin"  af/mSn  fif  IV  basement  membrane  of  capsule  with  epithelioid 
’ Passino  at 't  mto  that  of  the  commencing  uniferous  tubule. 


will  be'  (riven  .,e  m,rt  01  1 ’story  of  the  afferent  and  efferent  vessels 
is  formed  of  o'l-f1"  ^ VC  cc/lJslfe>  by  which  the  glomerulus  is  enclosed, 

294  d)  It  ro  hseme^  membrane  lined  by  flattened  epithelium  (fig. 

continued  as  ??  vessels  at  one  Pa^  and  at  another  is 

first  pointed  out'  l7  Spate^  m^°  a convoluted  uriniferous  tubule,  as  was 
capsule  ?s ^ refleld ^ 0Wi?an  ^ 292)'  The  epithelium  lining  the 

less  flattened  (fin-  294  *1)  • iCelJS  beconiinS  thickcr  and 

all  cases  forrn  Y ’ lfcils  doubtful  whether  m the  adult  they  in 

fcctus  it  is  not  diffi  puous  ^ayer  over  the  vascular  tuft,  but  in  the 

t“or°  tefiu„oh0th  /cre-  , SoTOt  mf  the  r 
U1  tniee  bunches  of  vessels,  m which  case  the 
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epithelium  dips  down  between  the  bunches, 
both  of  the  capsule  and  ol  the  urinifcious 
epithelioid  cells  (fig.  293,  ci,  a'). 


The  basement  membrane, 
tubule,  is  formed  of  fiat 

Blood-vessels.  — The 


Fig.  294. 


kidneys  are  highly  vascu- 
lar, aud  receive  their  blood 
from  the  renal  arteries, 
which  arc  very  large  in 
proportion  to  the  size  oi 
the  organs  they  supply. 
Each  renal  artery  divides 
into  four  or  five  branches, 
which,  passing  in  at  the 
hilus,  between  the  vein 
and  ureter,  may  be  traced 
into  the  sinus  of  the 
kidney,  where  they  lie 
amongst  the  infundibula, 
together  with  which  they 
are  usually  embedded  in 
a quantity  of  fat.  Pene- 
trating the  substance  of 
the  organ  between  the  pa- 
pillse,  the  arterial  branches 
enter  the  cortical  substance 
found  in  the  intervals  be- 
tween the  pyramids  of  Mal- 
pighi, and  proceed  in  this, 
accompanied  by  a sheath- 
ing of  areolar  tissue,  and 

rPvklino-  and  subdividing,  to  reach  the  bases  of  the  pyramids,  where 
thev  form  arches  between  the  cortical  and  medullary  parts,  whic  i 


p;„  294  — Section  of  Cortical  Substance  of 

; kIDJiey  • Human  Fcetus.  Highly  magnified 
^ (Klein). 

a , glomerulus  with  blood-vessels  not  fully  de- 
veloped ; c,  epithelium  covering  it  continuous  with  d 
flattened  epithelium  lining  Bowman  s capsule  ; 
convoluted  tubes. 


Fig.  295. 


Fig.  295.— Diagram  showing  the  Relation  of  th 
Malpighian  Body  to  the  Uriniferous  Ducts  and 
Blood-vessels  (after  Bowman). 

a,  one  of  the  interlobular  arteries  ; a'  afferent  artery 
pacing  into  the  glomerulus  ; c, , caps*  of.  the 
Malniffhian  body;  t,  uriniferous  tube,  e,  e,  etteren 
vessels  which  subdivide  in  the  plexus  p sun  ountog 
Sf  tube,  and  finally  terminate  in  the  branch  of  the 

renal  vein,  e. 

ever  are  not  complete,  and  in  this  respect 
differ  from  the  freely  anastomosing  venous 

arches  which  accompany  them.  Trom  the 
arches  smaller  “interlobular  arter  es  (fi 
296,  at)  are  given  off,  which  Pas®  0]u.o,hian 
between  the  double  layers  o ^ J 


between  tne  uuuwo  ^ frnTn 

capsules  which  intervene  between  the of  the 
these  interlobular  arteries  are  domed  the  aneren  (,.ips„l„ 

glomeruli.  The  renal  arteries  give  branches  hkems, e w me 
of  the  kidney  which  anastomose  with  bianc the  kidneys 
and  that  so  freely  that  Ludwig  was  able  partially  to  in] 


BLOOD-VESSELS  OF  THE  KIDNEYS. 


411 


Fig.  296. 


?AP 


Fig.  297. 


Fig.  297.  — Injected  Glome- 
rulus FROM  THE  INNER  PART 
of  the  Cortical  substance 
of  the  Horse’s  Kidnev. 
70  diameters  (from  Kolliker 
after  Bowman). 

a,  interlobular  artery ; af, 
efferent  artery  ; m,  m,  convo- 
luted vessels  of  the  glomerulus  ; 
e f,  efferent  or  straight  arteriole ; 
b,  its  subdivision  in  the  medul- 
lary substance. 


Fig.  296. -Diagram  of  the  Distribution  of  the  Blood-vessels  in  the  Kidnev 

(from  Ludwig). 

off+mimers.  to  the  glomeruli,  g ■ the 

cortical  substance  and  their  l'l  ^ n capdanes  amongst  the  convoluted  tubules  in  the 
near  the  su£e  of  S ^ ?en®  stelIate  « 

the  interlobular  arteries  From^be th  )ntei  lobular  veins,  vi,  vi,  which  accompany 
down  amongst  the  straight  tubules  g °™eruh  s°me  of  the  vasa  efferentia  pass 

arteriae  rectco,  ar'.  The  true  artpri™  ■ V 6 medu.UaJ7  _substance  as  the  so-called  false 
the  renal  artery,  or  from  the  interlohnl^*’  sPnnS  dlrec%  from  the  main  branches  of 
the  apex  of  the  pyramid  breS  1 w art“^  and  nm  down  iu  buudles>  ab>  toward 
returned  to  the  interlobular  veins°  vi  ]°  *fpi1  ancs  Wlth  IonS  meshes.  Their  blood  is 
venous  plexus  around  the  apices  of  the  pKamids™188  represents  tlie  fiue 
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of  a clog  from  the  aorta  after  the  renal  arteries  had  been  tied.  Within 
the  glomerulus  the  afferent  artery  fig.  297,  (af)  breaks  up  into  con- 
voluted capillary  branches,  which  are  gathered  together  again  to  form 
the  efferent  vessel  ((f).  The  efferent  vessel  is  so  far  comparable  with 
the  vena  portae  of  the  liver  that  it  breaks  up  again  into  capillaries, 
which  form  a close  honeycomb  network  surounding  the  convoluted 
tubules  (fig.  295,  e'),  and  a less  copious  network  with  elongated  meshes 
round  the  straight  tubes  of  the  cortical  substance.  M ithin  the  medullary 


Fig.  298. 


Fig.  298.  — Longitu- 
dinal Section  of  a 
Part  of  the  medul- 
lary Substance  and 
THE  ADJACENT  CoR- 
tical  Substance  of 
the  Kidney,  show- 
ing THE  BLOOD-VES- 
SELS  INJECTED  (from 
Southey). 

The  figure  is  design- 
ed principally  to  show 
the  origin  of  the  vasa 
recta.  A A,  ascending 
arteries  divided  longi- 
tudinally ; A a,  trans- 
verse section  of  anasto- 
motic arch  ; C Y,  cor- 
tical veins  ; m,  glome- 
ruli ; R R,  arterse  rectae ; 
MY,  R medullary  veins. 

substance  are 
found  numbers  of 
straight  vessels, 
rasa  recta,  which 
lie  between  the  ur- 
iniferous  tubes, 
and,  at  the  bases 
of  the  Malpighian 
pyramids,  are  ar- 
ranged in  bundles  extending  inwards  from  between  the  pyramids  of 
Ferrein.  These  vessels  partly  break  up  into  capillaries  from  which 
returning  veins  arise,  and  partly  form  loops  similar  to  those  of  the 
looped  tubules  of  Henle.  The  vasa  recta  take  origin  partly  fio 
vasa  efferentia  from  the  innermost  glomeruli  (fig  296,  ar  ; fig.  297  &), 
partly  from  the  renal  arteries  without  intervention  of  the  glomeruli 

<fl  Sm!ll’ydDS,  arising  by  numerous  venous  radicles  tom Ab  ^pillary 
network  of  the  kidney,  are  seen  near  the  surface  of  the  gland,  ana 
collect  the  blood  from  the  capillary  plexus  around  the  convoluted 
tubules  which  mainly  compose  this  part.  These  vessels,  some  o 
have  a stellate  arrangement  (stellulce,  Verheyen,  fig.  296,  t-s) , ar  J 
bv  numerous  branches  from  the  fibrous  coat  of  the  kidney,  and,  “”g 
SiS  the  cortical  substance,  end  in  larger  veins  which  again  unite 
in  o arches  around  the  bases  of  the  pyramids  of  Malpighi.  The  arches 
receive  the  interlobular  veins  (fig.  296,  vi)  which  accompany  the  inter 
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" «**■»»*  and 

plexus  fi|  29C)  around  a^oS of  he ZbSiTf?  8 bTtiful 

the  pap, Ihe.  The  venous  trunks  then  proceed  t il 8m'ffC(i ,of 
.11  tones  through  the  cortical  septula  between  the  pyramids  to  the  V 16 

sawts  f l!:s 

ends  in  the  inferior  ve2a  cava  °f  the  artel7>  and 

f deep  lymphatics  which  issue  lom^hHi  us  rth  he  ,C’  a?d 
According  to  the  researches  of  Ludwig  and  Zawan-Wn  *1  blood-''esse,s- 
be  a network  of  freely  intercommanfoRin/l^n  ?’  there  aPPears  to 
the  tubules,  in  communication  both  with  the  S r SpfGt  befcween 

™ SST£2  SLVXiTj'a!" 2?-* SS 

small  They  come  immediately  from  tlm  renal^wT  ^ 1kl,cJne37S  are 
splanchnic  nerve,  and  contain  i • c _ plexus  and  the  lesser 

thetic  and  cerebro-spinal  systems.  They  maybe  tr^  d °th  the  SJmpa' 

the  artenes  as  far  as  their  finer  branelis,  brft  it  is  uncerSZwTief 

kidney,  altlwu^h  ttetrodim^^^  and  ressc|s  of  the 

interstitial  substance  of  the  nature  nf  / toS®ther,  a small  amount  of 
ms  a fibrous  character  in  the  vietaV  ofTh Zf ‘7  t,ssne  is  foiffid-  It 
blood-vessels.  Fibres  are  likewise  d/scribed b^f  of  the 

as  passing  around  the  Malpighian  tntlt  Ladw,S  a,ld  Zawarykin 
coilnig  around  the  tubes  of  the  medullZ  f ¥*' 1 othars  b7  Henle, 
moie  marked  in  the  cortical  substanee  ^ Sl}bstance.  The  stroma  is 
nective  tissue  corpuscles,  than  in  theCrpT  C°Usists  mainlJ  of  con- 
but  according  to  Henle  it  Tvery XfdanM,  ^ °f,the  meduIla*7  ; 
papilla-.  It  is  much  more  abundant  iu  the  aPlces  of  the 

the  human  kidney  is  more  apparent  in  the f?an.  m man>  and  in 

tlio0f>mnC1  ,ricber  in  corpuscles  (fig  294)  -^in^hi  ^an  111  t?le  aduIt>  and 
the  connectiye  tissue  generally.  ° ’ m 118  respect  resembling 

inmSSriKnrf' '“^aybehererefeived  to-  B 

his  Handbuch  ; Ludwi’o-  ani  V?m'^at0mie  dei'  Nieren.  Gottingen 
xlviii.  1864-  Ob,  g and  ZawaLvkm,  in  Wiener  ’ 1S62>  and  m 

SeMel,  Die  Ni^n  desT^  “ Archiv.tS 

in  St.  Bartbnin^™,!  T?Ienschen  und  der  Saue-etW™  tH11864„,„  Stagger- 


The  mmrmal  B°DIBa 

bodief  rch7f  rShTr ' at  two  fltr  d 
shape,  aud  surmount  the  eorre°me''ihat  “-»«*  Z Ten ^trianglr 
— — - 


414  THE  SUPRARENAL  CAPSULES. 

as  to  form  two  sides  of  a triangle.  The  lower  border  is  concave,  and 
rests  upon  the  anterior  and  inner  part  of  the  summit  of  the  kidney,  to 
which  it  is  connected  by  loose  areolar  tissue  : it  is  thick,  and  almost 
nhvnvs  deenlv  grooved.  The  posterior  surface  rests  upon  the  diaphragm. 

is  covered  on  the  right  side  by  the  liver,  and  on  the 
left  by  the  pancreas  and  spleen  : it  presents  an  liregular  fissure  name 
the  Bus,  from  which  the  suprarenal  vein  emerges  (fig.  300,  v).  The 
right  capsule,  like  the  right  kidney,  is  placed  lower  down  than  the  left. 


Fig.  299. 


Fig.  300. 


Fi«  299. — Front  view  of  the  Right  Kidney  and  Suprarenal  Body  of  a full- 
g-  grown  Fcetus  (Allen  Thomson). 

This  figure  shows  the  Mated  form  of  the  W 
artery  : u,  the  ureter  ; s,  the  suprarenal  capsule,  the  letter  “ 

which  the  large  veins  (if)  are  seen  emerging  from  the  interior  of  the  orca  . 


Fig.  300.— Section  of  the  Suprarenal  Body, 
a vertical  section  of  the  suprarenal  body  of 
wlOch^tlm  Tehis  LsucJ "togethm-  with  the  distinction  between  the  medullary  and  cortical 
substance. 


The  suprarenal  capsules  vary  O m 
left  is  usually  somewhat  narrower  at  ^ “Mong^  ^ 

downwards,  aud  larger  than  the  light.  y . . t -j.  a,-,  i^ch 

sttf,  i. 

The  t^of  ““  one *• “S  frequently 

SlreaCT  so  soft  and  pulpy  that 

some  anatomists  have  erroneously  described  a cavrty  wrthru  ft. 
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The  fibrous  investment  (fig.  301,  a),  is  so  intimately  connected  with 
the  deeper  parts  that  it  cannot  be  removed  without  lacerating  the  sub- 
jacent structure.  Its  deeper  layers  are  destitute  of  elastic  fibres,  and 
are  particularly  rich  in  connective  tissue  corpuscles  : they  are  continuous 
with  the  septa  which  enter  into  the  formation  of  the  substance  of  the 
organ. 


Fig.  301. 


The  cortical  part  of  the  supra- 
renal body,  examined  in  a section  with 
a low  magnifying  power  (fig.  301,  1), 
is  seen  to  consist  of  a fibrous  stroma, 
in  which  are  imbedded  column-like 
groups  of  cells.  The  groups  measure 
on  an  average  Y^th  of  an  inch  in 
diameter,  and  are  arranged  vertically 
to  the  surface  of  the  organ.  In  the 
deepest  part  of  the  cortex,  however, 
the  colour  is  darker,  and  the  columnar 
arrangement  is  lost,  the  stroma  being- 
more  equally  distributed  (d) ; and 
immediately  beneath  the  fibrous  coat 
there  is  another  narrow  zone  in 
which  the  stroma  forms  oval  spaces, 
of  which  it  is  difficult  to  say 
whether  they  communicate  with  the 
extremities  of  the  columns  or  not(i). 

These  inner  and  outer  layers  have 
been  named  by  J.  Arnold  respec- 
tively zona  reticularis  and  zona  glo- 
merulosa,  while  he  applies  the  term 
zona  fasciculata  to  the  main  part(r) ; 
but  the  transition  from  one  of  these 
parts  to  another  is  not  sudden  nor 
indicated  by  any  line  of  demarcation. 

-Lhc  cells  which  form  the  gToups 
and  columns  of  the  cortical  substance 
are  polyhedral  in  form  (fig.  302)  : 
their  protoplasm  is  finely  granular 
but.  not  unfrequently  contains  yel- 
lowish oil  globules.  The  cells  vary 
• om.  smooth  to  TYScyth  of  an  inch 
in  size : each  has  a clear  round 
nucleus. 

rlhe  small  arteries,  entering  from 
the  surface,  run  parallel  to  these 
“a™?)  freqoently  anastomose  to- 
gether between  them,  and  surround 
each  column  of  cells  wilt  „ u 

nerves  pass  inwards  in  tbo  nG  netwoi'k-  Small  bundles  of 

medullary  part  of  the  oremn  scP^a  k^een  the  columns  to  reach  the 

the  zona  reticularis  but  do  ^ * ieir  ?bres  begin  to  sPrcad  oufc 
substance.  ’ ot  aPPear  to  be  distributed  to  the  cortical 

ma?ked“ffta^eScllparfbva2|  °f  tf®i  suprarenal  .capsule  is 

vol.  ir.  ai  Part  ^ a layer  of  loose  connective  tissue. 


Fig.  301. — Vertical  Section  op  supra- 
renal Body  : Human.  Magnified 
(Eberth). 

1,  cortical  substance ; 2,  medullary 
substance  : a,  capsule  ; b,  zona  glome- 
lulosa  j c,  zona  fasciculata  ; d,  zona  re- 
ticularis ; c,  groups  of  medullary  cells  ; f, 
section  of  a large  vein. 
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In  the  thinner  parts  of  the  adult  organ  there  is  no  medullary  part,  and 
the  layer  of  connective  tissue  referred  to  is  found  separating  the  deep  sur- 
faces of  two  opposed  portions  of 
the  cortical  part  ; but  in  the 
young  state  the  distinction  of 
cortical  and  medullary  probably 
extends  throughout  the  whole. 
The  medullary  part  is  traversed  > 
in  the  centre  by  venous  trunks, 
which  receive  the  whole  of  the 
blood  which  lias  passed  through 
the  organ.  The  stroma  is  delicate 
and  arranged  in  a reticular 
manner  ; in  its  meshes  are  en- 
closed groups  of  cells,  which  differ 
from  those  of  the  cortex  in  being 
coarsely  granular,  destitute  of 
oil-globules,  and  some  of  them 
branched.  Moreover  they  become 
stained  of  an  intense  yellow  or  brown  by  solutions  of  yellow  chromate 
of  potash,  whereas  the  cortical  cells  are  but  slightly  tinged  by  that 
re-agent.  The  bundles  of  nerves  which  pass  through  the  cortical  sub- 
stance run  between  it  and  the  medullary  substance,  and  then  form  a 
copious  interlacement  which  extends  through  the  whole  of  the  medul- 
lary stroma.  Indeed,  some  observers  (Leydig  and  Luschka)  have 
regarded  the  cells  of  the  medullary  substance  as  nerve-cells ; and  Luschka 
states  that  he  has  found  them  connected  with  nerve-fibres ; but  this  still 
requires  confirmation.  Moers,  whilst  denying  that  the  cells  generally 
of  the  medullary  parenchyma  are  nervous,  nevertheless  describes  ganglia 
on  the  nerves  where  their  bundles  begin  to  break  up.  The  medullary 
substance  receives  its  blood  by  the  continuation  inwards  of  the  capillary 
network  of  the  cortex,  the  blood  from  which  is  collected  by  venous 
radicles  which  open  into  the  stems  in  the  centre  of  the  organ  and 
these  emerge  at  the  hilus. 

Vessels. — The  suprarenal  bodies  receive  arteries  from  three  sources,  viz.,  from 
the  aorta,  the  phrenic,  and  the  renal  arteries.  The  distribution  of  then-  capillary- 
vessels  has  already  been  mentioned. 

The  veins,  which  pass  out  from  the  centre,  are  usually  united  into  one  for  each 
organ.  The  right  vein  enters  the  vena  cava  inferior  immediately,  whilst  the  left, 
after  a longer  course,  terminates  in  the  left  renal  vein. 

The  lymphatics  are  imperfectly  known.  Kolliker  has  seen  a few  small  trunks 
upon  the  surface  ; and  Luschka  has,  in  addition,  observed  others  emerging  from 
the  interior  in  company  with  the  vein. 

Nerves. — The  nerves  are  exceedingly  numerous.  They  are  derived  from  the 
solar  plexus  of  the  sympathetic,  and  from  the  renal  plexuses.  According  to 
Bergmann,  some  filaments  come  from  the  phrenic  and  pneumogastric  neiwes. 
They  are  made  up  mainly  of  dark-bordered  white  fibres,  of  different  sizes,  and 
they  have  many  small  ganglia  upon  them  before  entering  the  organ.  The  nerves 
are  especially  numerous  in  the  lower  half,  and  inner  border. 

Accessory  suprarenal  capsules  are  occasionally  met  with , attached  by  connec- 
tive tissue  to  the  main  bodies  ; and  varying  from  a small  size  up  to  that  of  a pea. 
According  to  Duckworth  they  possess  no  medullary  part. 

On  the  subject  of  the  suprarenal  capsules  may  be  consulted, — Bergmann, 
Dissertation,  Gottingen,  1839  ; Ecker,  Der  feinere  Bau  der  Nebennieren,  Braun- 
schweig, 1846  ; Simon  on  the  Thymus  Gland  ; Frey,  article  “ Suprarenal  C apsules, 


Fig.  302. 


Fig.  302. — Cells  and  Cell-Groups  prom 

THE  OUTERMOST  LAYER  OP  THE  CORTICAL 

Substance  op  the  Suprarenal  Body. 
Highly  magnified  (Ebertk). 
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in  Cyclop,  of  Anat.  and  Pkys. ; G.  Harley,  in  the  Lancet,  June,  1858  : Duckworth, 
in  St.  Bartholomew's  Hosp.  Reports,  1865  ; Moers,  in  Virchow’s  Archiv  1 864 * 
vol.  xxix.  p.  336  ; J.  Arnold,  Virchow's  Archiv,  1S66,  vol.  xxxv.  p.  64  • y.  Brunn' 
Arch.  f.  mikr.  Anat.  viii. ; Eberth.,  Strieker’s  Handbook  ; Leydig,  Kolliker  Lusclika" 
and  Henle,  in  their  Handbooks. 

Function. — Nothing  is  known  positively  with  regard  to  the  function  of  the 
suprarenal  capsules.  The  opinion  which  has  met  with  most  acceptance  among 
physiologists  is  that  these  bodies  belong  to  the  class  of  blood-vascular  glands 
and  exert  some  influence  upon  the  elaboration  or  disintegration  of  nutritive 
material.  Bergmann,  however,  who  was  the  first  to  point  out  the  richness  of 
then-  nervous  supply,  suggested  that  they  were  parts  of  the  sympathetic  nervous 
system,  and  in  this  opinion  he  has  been  followed  by  Leydig  and  Luschka ; while 
Kolliker  states  that,  upon  anatomical  grounds,  he  is  inclined  to  consider  the 
cortical  and  medullary  portions  as  functionally  different ; the  former  belonrtu<>- 
to  the  group  of  vascular  or  ductless  glands,  the  latter  appearing  to  be  an  appa- 
ratus  appertaining  to  the  nervous  system.  Brown-Sequard  found  that  injuries 
to  the  spinal  cord  in  its  dorsal  region  produced  congestion  and  subsequent  hyper- 
trophy of  the  suprarenal  bodies.  Addison  has  shown  that  a bronzed  tint  of  skin 
together  with  progressive  emaciation  and  loss  of  strength,  is  to  be  found  in  con- 
junction with  various  forms  of  disease  more  or  less  involving  and  alterino-  fho 
structure  of  these  bodies.  & e 


THE  URETERS. 

. The  ureters ^ are  two  tubes  which  conduct  the  urine  from  the  kidneys 
into  the  bladder.  The  dilated  commencement  of  each,  situated  m 
the  pelvis  of  the  kidney  and  into  which  the  calices  pour  their  com 
tents,  has  already  been  described.  Towards  the  lower  part  of  the  liilus 
? the  ladncy  the  pelvis  becomes  gradually  contracted,  and  opposite  the 
lower  end  of  the  g and,  assuming  the  cylindrical  form,  receives  the 
name  of  ureter.  These  tubes  extend  downwards  to  the  posterior  and 
under  part  or  base  of  the  bladder,  into  which  they  open,  after  passim- 
obliquely  through  its  coats. 

fJhe.rterS  •1?Je1as.Ure1  from  fourteen  t0  sixteen  inches  in  length- 
cn  oidinary  width  is  about  that  of  a goose-quill.  They  are  freQuently* 
however  dilated  at  intervals,  especially  near  the  lower  end^  The 

“X7tho  bwte  tube’ exceptins  its  oriiice’ is  that  containe‘i  “ U» 

ureter  passes,  at  first,  obliquely  downwards  and  inwards  to 
entei  the  cavity  of  the  true  pelvis,  and  then  curves  forwards  and 

it  Ues'dose  behind  th flf  a?d  baSe  °f  T bIadder-  Ir> its  whole  course, 

, .,  ' f i f behmd  t le  peritoneum,  and  is  connected  to  neighbouring 
paits  by  loose  areolar  tissue.  Superiorly,  it  rests  nnon  the 

m“dd e’ofthlS,woOSS1d’  I,ery  obIbudy  within  outwards,  below?  the 
r ThfiShS’  by  !C  T™?tlc  vesseH  which  descend  in  front  of 
he  m-ete  pass ,» ? the  «»  cava.  Lower  down, 

behind  the ELS 7$  ‘u®  ““T?  or  the  iliac  vessels; 

flexure  of  the  colon  on  the  1 T elrf  011  V rl?bt  side  allr!  the  sigmoid 
the  fold  of  peritoneum  formbw  PfcendmS  f?0  the  peWis,  it  enters 
ment  of  the  bladder  nnrl  « corresponding  posterior  false  liga- 

<«.  fig.  304), tbe  Sldei°f  the  bladd6r  near  the  base 
the  obliterated  hypogastric  arterv  ™7^dS  m C101ltact  Wlfch  ll}’  below 
in  the  male,  by  the  vas  deferent nd  J.s  1crossed  uPon  lfcs  inner  side, 

ureter  and  the  bladder  In  the  floi  1 Passes  dowu  between  the 

tne  female,  the  ureters  run  along  the  sides 

E E 2 
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of  the  cervix  uteri  and  upper  part  of  the  vagina  before  reaching  the 
bladder. 

Having  reached  the  base  of  the  bladder,  about  two  inches  apart  from 
one  another,  the  ureters  enter  its  coats,  and  running  obliquely  through 
them  for  about  three-quarters  of  an  inch,  open  at  length  upon  the  inner 
surface  by  two  narrow  and  oblique  slit-like  openings,  which  are  situated, 
in  the  male,  about  an  inch  and  a half  behind  the  prostate  gland,  and  about 
the  same  distance  from  each  other.  This  oblique  passage  of  the  ureter 
through  the  vesical  walls,  while  allowing  the  urine  to  flow  into  the 
bladder,  has  the  effect  of  preventing  its  reflux. 

Structure. — The  walls  of  the  ureter  are  pinkish  or  bluish  white  in 

colour.  They  consist  of  an  external 
fibrous  coat,  a middle  coat  of  plain 
muscular  tissue,  and  a mucous  lining. 
According  to  Huschke  and  Obersteiner 
the  muscular  coat  possesses  two  layers 
of  longitudinal  fibres  and  a middle 
circular  layer  : Henle  finds  only  an 
inner  longitudinal  and  an  outer  cir- 
cular layer  ; while  Kolliker,  who  ad- 
mits the  inner  longitudinal  and  the  cir- 
cular as  the  principal  layers,  describes 
longitudinal  fibres  external  to  the  cir- 
cular layer  which  are  absent  at  the 
upper  part  of  the  tube. 

The  mucous  membrane,  thin  and 
smooth,  presents  a few  longitudinal 
folds  when  the  ureter  is  laid  open. 
It  is  prolonged  above  to  the  papillae 
of  the  kidney,  and  below  becomes 
continuous  with  the  lining  membrane 
of  the  bladder.  The  epithelium  (fig. 
303)  is  of  a peculiar  character,  like 
that  of  the  bladder.  It  is  stratified, 
consisting  of  at  least  three  layers  of 
cells,  in  the  uppermost  of  which  the 
cells  are  somewhat  cubical,  with  de- 
pressions on  their  under  surface,  which 
fit  upon  the  rounded  ends  of  a second  layer  of  pear-shaped  cells  ; then 
follow  one  or  more  layers  of  rounded  or  oval  cells,  with  processes 
extending  down  to  the  mucous  membrane. 

Vessels  and  nerves.— The  ureter  is  supplied  with  blood  from  small  branches 
of  the  renal,  the  spermatic,  the  internal  iliac,  and  the  inferior  vesical  arteries. 
The  veins  end  in  various  neighbouring'  vessels.  The  nerves  come  from  the  inferioi 
mesenteric,  spermatic,  and  hypogastric  plexuses.  They  form  a plexus  in  the 
outer  coat,  containing  a few  ganglion-cells. 

Varieties. — Sometimes  there  is  no  funnel-shaped  expansion  of  the  uretei  a 
its  upper  end  into  a pelvis,  but  the  calices  unite  into  two  or  more  nariuw  tubes, 
which  afterwards  coalesce  to  form  the  ureter.  Occasionally,  the  separation  o 
these  two  tubes  continues  lower  down  than  usual,  and  even  reaches  as  low  as  ie 
bladder,  in  which  case  the  ureter  is  double.  In  rare  cases,  a triple  ureter  as 

been  met  with.  . ,, 

In  instances  of  long-continued  obstruction  to  the  passage  of  the  nrm  , 
ureters  occasionally  become  enormously  dilated,  and  their  opening  m o ie 
bladder  becomes  direct,  so  as  to  lose  its  valvular  action. 


Fig.  303. 
A. 


Fig.  303. — Epithelium  from  the 
Pelvis  of  the  Human  Kidney 
(Kolliker).  350  Diameters. 

A,  different  kinds  of  epithelial 
cells  separated ; B,  the  same  in  situ. 
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THE  URINARY  BLADDER. 

The  urinary  bladder  (vesica  urinaria)  is  a hollow  membranous  and 
muscular  receptacle,  which  receives  the  urine  poured  into  it  through  the 
ureters,  retains  it  for  a longer  or  shorter  period,  and  finally  expels  it 
through  the  urethra. 

During  infancy  it  is  pyriform,  and  lies  chiefly  in  the  abdomen,  but 
in  the  adult  it  is  situated  in  the  pelvic  cavity  behind  the  pubes,  and  in 
the  male,  in  front  of  the  rectum  ; in  the  female,  it  is  separated  from 
the  rectum  by  the  uterus  and  vagina. 


Fh 


304. 


Fig  304.  Lateral  View  of  the  Viscera  of  the  Male  Pelvis  (R.  Quain).  \ 

arid  ft  7T’ 

4,  4',  the  rectum  f c,  ft***'' 

corpus  cavernosum  ; e,  bulb  of  the  spongy  body  of  the  weth™  / O ’ ® i °r 
section  of  the  body  of  the  nubes  • h 1 • luet,hra  >/>  Cowper  s glancl ; </, 

deferens;  m,  articular  surface  nf  tbe  / aui  m.usc^e  1 h part  of  tbe  left  vas 

coccyx;  p prostate  eland  ■ r r dp  a ‘Crum’,  n>  divided  spine  of  tbe  ischium;  o, 
left  vcsicuia*  sembialis.  ^ Pentoneum  J /.  recto-vesical  pouch;  «,  left  ureter;  v\ 


cavity,  and  Us  relations  ^ bladder’  j.ts  position  in  the  abdomino-pelvic 
to  its  state  of  Var^  g^atly/ according 

deeply  in  the  Jlvif  i collaPse;.  When  empty,  the  bladder  lies 
sents  a triangular  annom  ° m a.  Tei’tlcal  on tero- posterior  section  pre- 

its  base  re/01'6  3nd  behind>  ha™* 

behind  the  symphysis  pubis  whilst  its  apex  reaches  up 

terior  have  naraed  Verier  and  pos- 

is  still  contained  within the  nil  mclmatl0n-  When  moderately  full,  it 

304,  «),  butwC^fe^^^  has  a roimded  form  (fig. 

pelvis,  and  becomes  eggJwd ? ft  * nses,aboT®  ?he.  hnmofthe 

base  or  inferior  fundus  beirnr  / ge5  e?,d’  whlch  1S  called  fche 

; & directed  towards  the  rectum  in  the  male 
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and  the  vagina  in  the  female  ; and  its  smaller  end,  or  summit,  resting 
against  the  lower  part  of  the  anterior  wall  of  the  abdomen.  Imme- 
diately in  front  of  the  base  is  the  thickened  portion  named  the  cervix,  or 
neck,  which  bounds  the  outlet  of  the  bladder,  and  connects  it  below  with 
the  urethra. 

The  long  axis  of  the  distended  bladder  is  inclined  obliquely  upwards 
and  forwards  from  the  base  to  the  summit,  in  a line  directed  from  the 
coccyx  to  a point  between  the  pubes  and  the  umbilicus.  In  being 
gradually  distended,  the  bladder  curves  slightly  forwards,  so  that  it 
becomes  more  convex  behind  than  in  front,  and  its  upper  end  is  by 
degrees  turned  more  and  more  towards  the  front  of  the  abdomen. 
Lastly,  the  bladder,  when  filled,  appears  slightly  compressed  from  before 
backwards,  so  that  its  diameter  in  that  direction  is  less  than  from  side 
to  side.  In  its  ordinary  state,  the  longest  diameter  in  the  male  is  from 
base  to  summit ; but  in  the  female  its  breadth  is  often  greater  than 
its  height.  The  average  capacity  of  the  bladder  is  often  stated  to  be 
greater  in  the  female  than  in  the  male  ; and,  no  doubt,  instances  of 
very  large  female  bladders  are  not  unfrequent,  but  these  have  pro- 
bably been  the  result  of  unusual  distension  : in  the  natural  condition, 
according  to  Luschka  and  Iienle,  the  female  bladder  is  decidedly 
smaller  than  that  of  the  male. 

Connections. — "While  freely  movable  in  all  other  directions  upon 
surrounding  parts,  the  bladder  is  fixed  below  to  the  walls  of  the  pelvis 
by  the  neck,  and  by  fibrous  bands  given  off  from  the  recto-vesical 
fascia,  named  the  true  ligaments  of  the  bladder.  It  is  supported, 
moreover,  by  strong  areolar  connections  with  the  rectum  or  vagina, 
according  to  the  sex,  in  a.  slighter  degree  by  the  two  ureters,  the 
obliterated  hypogastric  arteries  and  the  urachus,  by  numerous  blood- 
vessels, and,  lastly,  by  a partial  covering  of  the  peritoneum,  which,  in 
being  reflected  from  this  organ  in  different  directions,  forms  duplica- 
tures,  named  the  false  ligaments  of  the  bladder. 

The  anterior  surface  is  entirely  destitute  of  peritoneum,  and  is  in 
apposition  with  the  triangular  ligament  of  the  urethra,  the  subpubic 
ligament,  the  symphysis  and  body  of  the  pubes,  and,  if  the  organ  be 
full,  the  lower  part  of  the  anterior  wall  of  the  abdomen.  It  is  con- 
nected to  these  parts  by  loose  areolar  tissue,  and  to  the  back  of  the 
pubes  by  two  strong  bands  of  the  vesical  fascia,  named  the  anterior 
true  ligaments.  This  surface  of  the  bladder  may  be  punctured  above 
the  pubes  without  wounding  the  peritoneum. 

The  posterior  surface  is  entirely  free,  and  covered  everywhere  by 
the  peritoneum,  which  in  the  male  is  prolonged  also  lor  a short 
distance  upon  the  base  of  the  bladder.  In  the  male,  this  surface 
is  in  contact  with  the  rectum,  and  in  the  female  with  the  uterus,  some 
convolutions  of  the  small  intestine  descending  between  it  and  those 
parts,  unless  the  bladder  be  very  full.  Beneath  the  peritoneum,  in  the 
male,  a part  of  the  vas  deferens  is  found  on  each  side  of  the  lower  por- 
tion of  this  surface. 

The  summit  (sometimes  named  the  superior  fundus)  is  connected  to 
the  anterior  abdominal  wall  by  a tapering  median  cord,  named  the 
urachus,  which  is  composed  of  fibro-areolar  tissue,  mixed  at  its  base 
with  some  muscular  fibres  which  are  prolonged  upon  it  from  the  bladder. 
This  cord,  becoming  narrower  as  it  ascends,  passes  upwards  from  the 
apex  of  the  bladder  between  the  linea  alba  and  the  peritoneum,  to  reach 
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the  umbilicus,  where  it  becomes  blended  with  the  dense  fibrous  tissue  found 
in  that  situation.  The  urachus,  which  forms  in  the  early  foetal  state  a 
tubular  communication  between  the  urinary  bladder  and  the  allantoic 
vesicle,  preserves,  according  to  Luschka,  vestiges  of  its  original  condi- 
tion in  the  form  of  a long  interrupted  cavity,  with  irregularities  and 
dilatations,  lined  with  epithelium  similar  to  that  of  the  bladder,  and 
sometimes  communicating  by  a fine  opening  with  the  vesical  cavity.* 

The  sides  of  the  bladder,  when  it  is  distended,  are  rounded  and  pro- 
minent, and  are  each  of  them  crossed  obliquely  by  the  cord  of  the 
obliterated  hypogastric  artery,  which  is  connected  posteriorly  with  the 
superior  vesical  artery,  and  runs  forwards  and  upwards  to  the  um- 
bilicus, approaching  the  urachus  above  the  summit  of  the  bladder. 
Behind  and  above  this  cord  the  side  of  the  bladder  is  covered  with  the 
peritoneum,  but  below  and  in  front  of  it  the  peritoneum  does  not  reach 
the  bladder,  which  is  here  connected  to  the  sides  of  the  pelvic  cavity 
by  loose  areolar  tissue  containing  fat,  and,  near  its  anterior  and  lower 
part,  by  the  broad  expansion  from  the  recto-vesical  fascia,  forming 
the  lateral  true  ligament.  The  vas  deferens  crosses  obliquely  the  lower 
part  of  this  lateral  surface,  from  before  backwards  and  downwards,  and 
turning  over  the  obliterated  hypogastric  artery,  descends  upon  the  inner 
side  of  the  ureter,  along  the  posterior  surface,  to  the  base  of  the  bladder. 

The  base  or  fundus  (fig.  305)  (inferior  fundus)  is  the  widest  part  of 
the  bladder.  It  is  directed  backwards  as  well  as  downwards,  and  differs 
according  to  the  sex  in  its  relations  to  other  parts.  In  the  male  it  rests 


a,  line  of  reflection  of  the  peri- 
toneum in  the  recto-vesical  pouch  ; 
b,  the  part  above  this  from  which 
the  peritoneum  has  been  removed, 
exposing  the  longitudinal  mus- 
cular fibres ; i,  left  vas  deferens 
ending  in  e,  the  left  ejaculatory 
duct ; s,  left  vesicula  seminalis 
joining  the  same  duct ; the  right 
vas  deferens,  and  the  right  vesi- 
cula seminalis,  marked  s,  s,  un- 
ravelled, are  also  shown ; p, 
under  side  of  the  prostate  gland  ; 
vi,  small  part  of  the  membranous 
portion  of  the  urethra  ; u,  u,  the 
ureters,  of  which  the  right  is 
turned  to  the  side. 


upon  the  second  portion  of 
the  lectura,  and  is  covered 
posteriorly  for  a short  space 

thence6  unmi^Hu^'vo  fw^ch>  however,  is  immediately  reflected  from 
304  r\  In  front  so  as  to  form  the  redo-vesical  pouch  (fig. 

’ ' 10  hue  of  reflection  of  the  serous  membrane,  the 


Fig.  305. — Base  op  the  Male 
Bladder  with  the  Yesiculje 
Sejiinales,  Vasa  Defkrentia, 
and  Prostate  exposed  (from 
Haller).  One-half  the  natur- 
al size. 


Fig.  322. 


* Virchow’s  Archiv,  1862,  and  Anat. 


d.  Menscli.,  vol.  ii.  p.  229. 
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base  d the  bladder  is  destitute  of  peritoneum,  and  adherent  to  the  rectum 
by  dense  fibro-areokr  tissue  over  the  extent  of  a triangular  area  bounded 
at  the  sides  by  the  vasa  deferentia  andvesiculae  semiuales  (fig.  305  s s) 
whilst  its  apex  in  trout  reaches  the  prostate  gland  (p).  It  is  in  this 
space,  which  m the  natural  state  of  the  parts  is  by  no  means  so  large  as 
it  appears  after  they  are  disturbed  m dissection,  that  the  bladder  may  be 
punctured  from  the  rectum  without  injury  to  the  peritoneum.  In  the 
Jmale,  the  base  of  the  bladder  is  of  less  extent,  and  does  not  reach  so 
tar  back  m the  pelvis  as  in  the  male  : for  it  rests  against  the  front 
ol  the  neck  of  the  uterus  and  the  anterior  wall  of  the  vagina,  both  of 
which  organs  intervene  between  it  and  the  rectum.  This  part  of  the 
iladdei  adheies  to  the  vagina,  and  above  that  adhesion  the  peritoneum 
01  ms  a pouch  between  it  and  the  uterus,  much  shallower  than  the  recto- 
vesical pouch  of  the  male. 

The  cervix  or  neck  of  the  bladder  is  a term  commonly  applied  to  the 
part  of  the  bladder  at  which  the  cavity  terminates  in  the  urethra,  and 
“often  indefinitely  used,  so  as  to  include  a considerable  portion  either 
of  the  bladder  or  urethra.  It  may  be  conveniently  retained  to  denote 
the  region  of  the  immediate  neighbourhood  of  the  urethral  orifice.  It 
is  the  most  strongly  muscular  part  of  the  bladder,  and  in  the  male  it  is 
closely  connected  with  the  base  of  the  prostate  gland,  by  which  it  is 
supported.  It  was  formerly  described  as  an  infundibular  projection, 
but,  as  pointed  out  by  Kohlrausch,  no  such  arrangement  exists.  The 
urethral  orifice  is  in  both  sexes  the  part  of  the  bladder  which  in  the 
erect  posture  is  lowest  ; it  lies  at  the  angle  of  meeting  of  the  base  and 
the  anterior  surface. 


It  was  formerly  believed  that  the  base  was  the  lowest  part  of  the  bladder  in 
the  adult  male,  and  hence  the  origin  of  the  term.  The  inferior  position  of  the 
urethral  orifice  was  supposed  to  be  peculiar  to  women  and  children.  The  more 
correct  mews,  however,  now  entertained  with  respect  to  the  inclination  of  the 
pelvis  have  led  to  altered  notions  of  the  relative  elevation  of  the  pelvic 
viscera.  A consideration  of  the  following  circumstances  will  contribute  to 
an  accurate  conception  of  the  position  of  the  vesical  outlet.  The  symphysis 
pubis  is  placed  very  obliquely  ; the  ischial  tuberosities  are  little  lower  than  the 
inferior  margin  of  the  symphysis  pubis,  and  the  triangular  ligament  is  therefore 
almost  horizontal  ; the  lower  part  of  the  sacrum  and  the  coccyx  are  nearly 
vertical,  being  only  slightly  curved  forwards,  and  the  tip  of  the  coccyx  is  on  a 
somewhat  higher  level  than  the  inferior  margin  of  the  symphysis  pubis  ; the  curve 
and  position  of  the  rectum  are  determined  by  those  of  the  sacrum  and  coccyx 
until  it  passes  in  front  of  the  coccyx,  when  it  turns  vertically  downwards  ; the 
prostate  gland,  situated  entirely  on  the  upper  or  interior  side  of  the  triangular 
ligament,  rests  on  the  last  turn  of  the  rectum,  and  the  base  of  the  bladder  is  in 
contact  with  the  rectum  above  that  place. 


Ligaments  of  the  bladder. — The  true  ligaments  of  the  bladder, 
four  in  number,  two  anterior  and  two  lateral,  all  derived  from  the 
vesical  portion  of  the  recto-vesical  fascia,  have  been  already  noticed. 

The  false  ligaments  or  peritoneal  folds  are  described  as  five  in  number. 
Two  of  them,  named  posterior  false  ligaments  or  redo-vesical  folds,  run 
forwards  in  the  male  along  the  sides  of  the  rectum  to  the  posterior  and 
lateral  aspect  of  the  bladder,  and  bound  the  sides  of  the  recto-vesical 
cul-de-sac.  In  the  female  these  posterior  folds  pass  forwards  from  the 
sides  of  the  uterus,  and  are  comparativelv  small.  The  two  lateral  false 
ligaments  extend  from  the  iliac  fossae  to  the  sides  of  the  bladder,  each 
separated  from  the  corresponding  posterior  ligament  by  a prominent 
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angle  in  which  the  obliterated  hypogastric  artery  lies.  The  superior 
false  ligament  (ligamentum  suspensorium)  is  the  portion  of  peritoneum 
between  the  ascending  parts  of  the  epigastric  arteries,  and  reaches 
from  the  summit  of  the  bladder  to  the  umbilicus. 

Interior  of  the  bladder. — On  opening  the  bladder,  its  internal 
surface  is  found  to  be  lined  by  a smooth  membrane,  which  is  compara- 
tively loosely  attached  to  the  other  coats,  so  that  in  the  empty  con- 
dition of  the  organ  it  is  nearly  everywhere  thrown  into  small  wrinkles 
or  rugae,  which  disappear  as  soon  as  the  bladder  is  distended.  Besides 
these,  the  interior  of  the  bladder  is  often  marked  by  reticular  elevations 
or  ridges,  corresponding  with  fasciculi  of  the  muscular  coat. 

At  the  lower  and  anterior  part  of  the  bladder  is  seen  the  orifice 
leading  into  the  urethra,  around  which  the  mucous  membrane  is  corru- 
gated longitudinally.  Immediately  behind  the  urethral  opening,  at 
the  anterior  part  of  the  fundus,  is  a smooth  triangular  surface, 
having  its  apex  turned  forwards,  which,  owing  to  the  firmer  adhesion 
of  the  mucous  membrane  to  the  subjacent  tissues,  never  presents  any 
rugae,  even  when  the  bladder  is  empty.  This  surface  is  named  the 
trigone  (trigonum  vesicae,  Lieutaud)  ; at  its  posterior  angles  are  the 
oiifices  of  the  two  ureters,  situated  about  an  inch  and  a half  from  each 
other,  and  nearly  the  same  distance  from  the  anterior  angle,  where  the 
bladder  opens  into  the  urethra, 

'lhe  orifices  of  the  ureters,  presenting  the  appearance  of  oval  slits, 
are  directed  obliquely  forwards  and  inwards:  they  are  united  by  a 
curved  elevation,  convex  forwards,  which  extends  geuerally  outwards  and 
backwards  beyond  them,  and  wdiich  corresponds  in  position  with  a 
muscular  band  which  joins  them  together  and  to  the  neck  of  the 
bladder,  lroceedmg  forwards  from  opposite  the  middle  of  this,  is 
another  slight  elevation  of  the  mucous  surface,  named  the  uvula  vesica 
(luette  vesicale)  which  projects  from  below  into  the  urethral  orifice, 
inthetemale  thejinggne  is  small,  and  the  uvula  indistinct.  In  the 

l7a  1GS  a littlc  ia  advanee  of  the  middle  lobe  of  the 
1 lostate,  and  is  sometimes  prolonged  on  the  floor  of  the  prostatic  portion 

In  ite  w 11 1 w 18 ’Produced  by  a thickening  of  the  submucous  tissue. 

the  f DStai  ? m18  may,  contnbute  to  the  more  perfect  closure  of 

the  oi ifice  of  the  bladder  ; when  enlarged  by  disease  it  frequently  pro- 
duces serious  obstruction  at  the  commencement  of  the  urethra. 

STRUCTURE  OP  THE  BLADDER. 

irnUed  toSlr'w'L’S’f' A°f  and  a mticous  coat, 

vessels  and  nerves.  tl6sue>  aud  supplied  with  numerous  blood- 

The  serous  or  peritoneal  coat  is  a partial  coverino-  investing  onlv 

ttoSSSSEC bladder,  and  reVeeteift^m  if  upo^ 

The  muscular  T t ie  mannc/  alread7  described  in  detail, 
ranged  T^to^v^rant1  tlvp0I1S18^S  ^ u.ns^rTed  muscular  fibres,  so  ar- 
the  outer  of  which  consists  of3 'bund  0t  theU1  formiuS  la3’ers, 

and  the  next  of  fibres  more  Pim  i ^ f bl'nS.  more  or  less  longitudinal, 

another  delicate  longitudinal  lavl?^  dlsPoslt!?n  ’ whlle  beneath  this,  is 

are  most  distinctly  marked of'Ihf®'  f0G’  A’  B’  b’  and  307) 
of  the  bladder.  Commencing  .the  anfenor  and  posterior  surfaces 

bo  m nont  at  the  neck  of  the  organ, 
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from  the  pubes  m both  sexes  (musculi  pubo-vesicales),  and,  in  the  male, 
from  the  adjoining  part  of  the  prostate  gland,  they  may  be  traced 
upwards  along  the  anterior  surface  to  the  summit  of  the  bladder  ; and 
they  may  likewise  be  followed  down  over  the  posterior  surface  and  base 
to  the  under  part  of  the  neck  of  the  bladder,  where  they  become  at- 
tached to  the  prostate  in  the  male,  and  to  the  front  of  the  vagina  in  the 


Fig.  306. 


Fig.  306,  A. — View  op  the  Muscular  Fibres  op  the  Bladder  from  before  (Allen 

Thomson,  after  Pettigrew).  £ 


On  the  right  side  the  superficial  fibres  are  shown  ; on  the  left  the  deep  or  circular 
fibres  chiefly  are  displayed,  a,  ou  the  right  side,  the  median  and  most  superficial 
bands  of  the  longitudinal  fibres,  in  which  a slight  decussation  of  fibres  is  seen  ; a,  those 
diverging  somewhat  ; a",  the  lowest,  which  pass  much  more  obliquely  ; the  attachment 
of  the  longitudinal  fibres  to  the  prostate  is  shown  ; on  the  left  side  c,  the  upper, 
c',  the  middle,  c",  the  lowest  set  of  circular  or  deeper  fibres  ; at  s,  the  thickest  and 
most  transverse  sets  of  these  fibres  forming  the  sphincter  ; p,  half  the  prostate  left 
on  the  right  side,  the  left  having  been  removed  ; u,  the  urachus,  into  which  some  of 
the  longitudinal  fibres  are  seen  prolonged. 

Fig.  306,  B. — View  op  the  Muscular  Fibres  op  the  Bladder  from  behind 
(Allen  Thomson,  after  Pettigrew).  ^ 

On  the  right  side  the  superficial  fibres  are  displayed  ; on  the  left  the  deeper  fibres  of 
the  same  kind  or  intermediate  fibres,  and  some  of  the  circular  fibres  ; b,  b,  the  median, 
most  superficial  and  strongest  bands  of  longitudinal  fibres  on  the  right  side  ; b’,  the 
more  diverging  set  of  fibres  near  the  middle  of  the  bladder  ; b",  the  most  divergent 
fibres  which  surround  the  entrance  of  the  ureters  ; on  the  left  side,  c,  </,  and  c",  indicate 
the  deeper  circular  fibres  passing  round  at  various  levels  and  crossing  with  the  deeper 
diverging  fibres  posteriorly ; s,  the  most  transverse  fibres  at  the  neck  forming  the 
sphincter  ; u,  the  urachus  ; ur,  the  ureters  ; the  left  half  of  the  prostate  has  been  re- 
moved to  show  the  sphincter  ; v,  part  of  the  right  vas  deferens  and  vesicula  seminalis. 

female.  Upon  the  sides  the  superficial  fasciculi  run  more  or  less 
obliquely,  and  often  intersect  one  another  : in  the  male  they  reach  the 
prostate.  At  the  summit  a few  are  continued  along  the  urachus  (lig. 
306,  u).  The  longitudinal  fibres  taken  together,  constitute  what  has 
been  named  the  detrusor  urincc  muscle. 

The  so-called  circular  fibres  (fig.  306,  c,  c,  c')  form  a thin  and  some- 
what irregular  reticulated  layer  distributed  over  the  body  of  the  bladder, 
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having  various  appearances  in  different  bladders.  Their  course  may  in 
general  be  looked  upon  as  transverse,  but  for  the  most  part  throughout 
the  upper  two-thirds  of  the  bladder  they  cross  one  another  in  very  oblique 
bands  : towards  the  lower  part  of  the  organ  they  assume  a more  circular 
course,  and  upon  the  fundus  and  trigone  form  a tolerably  regular  layer. 
Close  to  and  around  the  cervix,  in  immediate  connection  with  the  pro- 
state in  the  male,  they  densely  encircle  the  orifice  and  constitute  what 
has  been  named  the  sphincter  vesicce,  which,  however,  is  not  distinct  from 
the  other  fibres. 

The  third  stratum  of  fibres,  still  more  deeply  situated,  and  which 
might  be  termed  internal  longitudinal,  was  first  described  by  Ellis,  who 


Fig.  307. — View  op  the  Muscular 
Fibres  op  the  Bladder  from  the 
left  Side  (Allen  Thomson,  after  Petti- 
grew). s 

Tlie  anterior  and  posterior  superficial 
fibres  are  seen  running  from  below  up- 
wards, crossing  each  other  by  their  diver- 
gence on  the  sides  of  the  bladder,  and  are 
indicated  by  the  same  letters  as  in  the 
preceding  figures  ; at  c,  a portion  of  the 
anterior  longitudinal  fibres  has  been  re- 
moved so  as  to  expose  the  deeper  circular 
fibres. 


distinguished  it  as  “ submucous.” 
It  is  very  delicate,  and  its  fibres, 
directed  longitudinally,  are  dis- 
posed in  a regular  manner  round 
the  cavity  of  the  bladder. 


Fig.  307. 


The  muscular  coat  of  the  bladder  forms  so  irregular  a covering,  that,  when  the 
oigan  is  much  distended,  intervals  arise  in  which  the  walls  are  very  thin  ; and, 
should  the  internal  or  mucous  lining  protrude  in  any  spot  through  the  muscular 
bundles,  a sort  of  hernia  is  produced,  which  may  go  on  increasing,  so  as  to  form 
what  is  called  a vesical  sacculus,  or  appendix  vesica,  the  bladder  thus  affected 
emg  termed  sacculated.  Hypertrophy  of  the  muscular  fasciculi,  which  is  liable 
to  occur  m stricture  of  the  urethra  or  other  affections  impeding  the  issue  of  the 
unne,  gives  rise  to  that  condition  named  the  fasciculated  bladder,  in  which  the 

ulterior  of  the  organ  is  marked  by  strong  reticulated  ridges  or  columns,  with 
intervening  depressions. 

^Tanffements  of  the  bladder,  see  Ellis,  in  Trans.  Med.  Chir. 

and  1DTOU'trations  of  Anatomy  ; Pettigrew,  in  Phil.  Trans,  for 

a la  vessio  e°  U rMiat'  et  Pliys-  sur  le§  Appareils  musculaires  correspondants 

a la  vessie  et  a la  prostate  dans  les  deux  sexes,  1864. 

muscular  coat’  between  it  and  tlie  mucous  membrane,  but 
of  areolar  ti<jJmafU^  conn®c^e^  the  latter,  is  a well-marked  layer 
areolar  layer  ooutV  16  V£)8CU  ar  or  submucous  coat.  This  submucous 
tissue  C ^ 1 1118  a ai*=e  quantity  of  very  fine  coiled  fibres  of  elastic 

rose o 1 o u r ° U I f ane  of  fcjle  bladder  is  soft,  smooth,  and  of  a pale 
ureters  and  lafWv«°n  'iT1!8  above  with  the  lining  membrane  of  the 
boselv  to bel°W  with  that  of  the  urethra.  It  adheres 
wrinMe  18SU6’  and  is  thus  hable  to  be  thrown  into 

’ " ^ 10  tugone,  where  it  is  always  more  even.  It  is 
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eovercd  with  ft  stratified  epithelium,  which  is  composed  of  three  layers 
°noCe,  ° t lcse’  tll0SG  forming  the  middle  layer  are  pyriform  (fig. 
. 8»  y>  ?PPer  en(f  being  rounded  ; whilst  the  lower  end  of  each  cell 
is  prolonged  down  to  the  corium,  between  small,  rounded  or  irregular  cells 
ioi  ming  the  lowermost  layer.  The  cells  of  the  superficial  stratum  (a) 
are  large  and  flattened  (more  so  in  some  animals  than  in  man),  cover- 
ing one,  two,  or  more  ot  the  pyriform  cells,  over  which  their  lower 
suiiace  is  as  it  were  moulded,  presenting  well-marked  depressions  (with 


Fig.  308. 


Fig.  308. — Epithelial  Cells  from  Bladder  of  Rabbit.  Abodt  500  diameters. 

(Klein.) 

a,  large  flattened  cell  from  tlie  superficial  layer,  with  two  nuclei,  and  with  strongly 
marked  ridges  and  intervening  depressions  on  its  under  surface  ; b,  pear-shaped  cells 
from  the  second  layer  ; c,  showing  the  manner  in  which  the  pyriform  cells  are  adapted 
to  the  depressions  of  the  superficial  cells. 


intervening  ridges),  into  which  the  rounded  ends  of  the  pyriform  cells 
fit  (c).  These  large  flattened  cells  have  frequently  more  than  one 
nucleus.  There  are  no  villi  upon  the  vesical  mucous  membrane,  but  it 
is  provided  with  minute  recesses  and  with  small  racemose  glands  lined 
with  columnar  epithelium,  which  are  most  abundant  in  the  vicinity  of 
the  neck  of  the  bladder. 

Vessels. — The  superior  vesical  arteries  proceed  from  the  remaining  pervious 
portions  of  the  hypogastric  arteries  ; in  the  adult  they  appear  as  direct  branches 
of  the  internal  iliac.  The  inferior  vesical  arteries  are  usually  derived  from  the 
anterior  division  of  the  internal  iliac.  In  the  female  the  uterine  arteries  also 
send  branches  to  the  bladder.  The  neck  and  base  of  the  organ  appear  to  be  the 
most  vascular  portions.  The  veins  form  large  plexuses  around  the  neck,  sides, 
and  base  of  the  bladder  ; they  eventually  pass  into  the  internal  iliac  veins.  The 
lymphatics  follow  a similar,  course. 

The  nerves  are  derived  partly  from  the  hypogastric  plexus  of  the  sympathetic, 
and  partly  from  the  sacral  plexus  of  the  cerebro-spinal  system.  The  former  are 
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said  to  be  chiefly  distributed  to  the  upper  part  of  the  bladder,  whilst  the  spinal 
nerves  may  be  traced  more  directly  to  its  neck  and  base.  According  to  Kisseleer, 
the  nerves  form  a network  immediately  under  the  epithelium,  from  which 
filaments  pass  amongst  the  epithelium  cells.  Gangliated  plexuses  of  nerves 
accompany  the  blood-vessels,  and  send  branches  both  to  these  and  to  the  muscular 
coat  of  the  bladder  (F.  Darwin). 


THE  URETHRA. 

The  urethra  is  a membranous  tube  directed  in  the  median  line  first 
vertically  and  then  from  behind  forwards,  beneath  the  arch  of  the 
pubes,  in  which  situation  it  opens  in  the  female  into  the  vulva,  while  in 
the  male  it  is  enclosed  in  the  corpus  spongiosum,  and  prolonged  beneath 
the  corpora  cavernosa  penis.  In  the  female,  it  serves  simply  as  the 
excretory  passage  for  the  urine;  in  the  male,  it  conducts  also  the 
seminal  fluid.  The  detailed  anatomy  of  the  male  and  female  urethra 
will  be  given  with  that  of  the  organs  of  generation  of  the  respective 
sexes. 


REPRODUCTIVE  ORGANS. 

I.  IN  THE  MALE  SEX. 

Under  this  head  are  included — 1,  the  testes  or  reproductive  glands, 
with  their  excretory  apparatus,  and  their  integumental  and  other  cover- 
ings in  the  scrotum;  and,  2,  the  uro-genital  canal  or  urethra,  together 
with  certain  accessory  parts,  such  as  the  prostate  and  Cowper’s  glands, 
lhe  second  group  of  these  organs,  being  most  nearly  related  to 
those  which  have  gone  before,  will  be  first  described.  They  are  all 
closely  connected  with  the  urethra,  which  in  the  male  is  at  once 
the  outlet  for  the  urine  from  the.  bladder  and  the  products  of  secre- 
lon  horn  the  sexual  glands.  This  canal,  extending  from  the  neck 

fiLthe  fbLadier  t0  e?fcre1mityi  of  the  penis,  is  surrounded  in  its 
hist  part  by  the  prostate  gland,  and  there  receives  the  excretory  ducts 
of  the  testicles  and  vesicul®  seminales  ; its  second  part  passes  through 
the  triangular  ligament  of  the  perineum  ; the  canal  is  then  surrounded 
I ,™  .!,?  cylindrical  part  of  the  spongy  body  as  it  passes  along  the 
perineum  and  penis,  and  lastly  it  goes  through  the  glans  of  that  organ. 


THE  PROSTATE  GLAND. 

whYhreSbbt/^b  a+  Prm\  glandular,  and  muscular  body,  some- 
2e&?rtf  ?ape  and  Size’  which  adJ'oins  the  neck 
the  pelvic  cavil v °SGS  first  Parfc  of  the  urethra  : it  is  placed  in 

°f  thG  Tbpubic  fas?ia>  -d  -sts 

short  cone  f ,Its  form  .may  he  compared  to  that  of  a 

bladder  and  cut  *ts  pas?  ™ contact  with  the 

larger  than  its  anterio^m-^’  i°  t latx.  its  Posfcerior  or  rectal  surface  is 
inch  and  a half  acre  t snrface.  It  usually  measures  about  an 

base  to  its  umV  Z , “f  Wldest  Part>  ™ ™eh  and  a quarter  from  its 

X ti|&au^“adthmsmCh  iU  ***  ” thickLs'  ItS  “'di- 

lhe  anterior  or  pubic  suiface  of  the  prostate  is  flattened  and  marked 


428 


MALE  REPRODUCTIVE  ORGANS. 


with  a slight  longitudinal  furrow  ; it  is  about  half  an  inch  or 
rather  more  from  the  pubic  symphysis,  and  there,  as  well  as  at  the 


Fig.  809. — Transverse  Section  of  the  Pro- 
state Gland  through  the  Middle.  (A.T.) 

u,  the  urethra  into  which  the  eminence  of  the 
caput  gallinaginis  rises  from  below ; s,  the  sinus  or 
utricle  cut  through  ; d c,  the  ejaculatory  ducts  ; 
m,  superiorly,  the  deep  sphincter  muscular  fibres  ; 
in,  lower  down,  intersecting  muscular  bands  in 
the  lateral  lobes  of  the  prostate  ; p,  p,  glandular 
substance. 

sides, 
arch 

fascia,  which  forms  the  pubo-prostatic 
the  bladder.  TliejDosterior^or  rectal  surface  is  smooth,  and  is  marked 
by  a slight  depression,  or  by  two  grooves,  which  meet  in  front,  and 
correspond  with  the  course  of  the  seminal  ducts,  as  well  as  mark  the 
limits  of  the  lateral  lobes  in  this  situation : it  is  in  close  apposition 


Fig.  310. 


Fig.  310. — Longitudinal  Median  Section  of  the  lower  part  of  the  Bladder 
and  Prostate  Gland  (after  E.  H.  Weber). 

v,  inner  surface  of  the  urinary  bladder  ; u r,  opening  of  the  right  ureter,  from  which 
a slight  elevation  runs  down  to  the  neck  of  the  bladder  ; p,  fore  part  of  the  prostate  ; p', 
the  so-called  middle  lobe;  p",  the  right  lateral  lobe;  u,  the  utricle;  d,  the  right 
ejaculatory  duct ; v d,  vas  deferens ; v s,  vesicula  seminalis. 


the  gland  is  connected  to  the  pubic 
by  the  reflexion  of  the  pelvic 
lia aments  or  anterior  liaaments  of 


Fig.  309. 


with  the  rectum,  immediately  in  front  of  the  bend  from  the  middle  to 
the  lower  or  anal  part  of  that  viscus,  where  the  surface  and  posterior 
border  of  the  gland  can  be  felt  by  the  finger  introduced  into  the  intes- 
tine. The  sides  are  convex  and  prominent,  and  are  covered  by  the 
anterior  portfomT of  the  levatores  ani  muscles,  which  pass  back  on  each 
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side,  from  the  symphysis  pubis  and  anterior  ligament  of  the  bladder 
and  embrace  the  sides  of  the  prostate.  This  part  of  each  levator  ani 
is  occasionally  separated  from  the  rest  of  the  muscle  by  areolar  tissue, 
and  has  been  named  levator  prostatce.  The  base  of  the  gland  is  of 
considerable  thickness,  and  is  notched  in  the  middle  : its  apex  is  turned 
towards  the  triangular  ligament.  As  already  stated,  f he  prostate  en- 
closes the  first  part  of  the  urethra.  The  canal  runs  nearer  to  the  anterior 
than  to  the  posterior  surface  of  the  gland,  so  that  in  general  it  is  about 
three  lines  distant  from  the  former  and  four  or  five  from  the  latter  • 
but  it  frequently  varies  greatly  in  this  respect.  The  prostatic  portion 
of  the  urethra  is  about  an  inch  and  a quarter  long,  and  is  dilated  in 
the  middle  ; it  contains  the  colliculus  seminalis  and  the  openings  of 
the  seminal  and  prostatic  ducts,  as  will  be  afterwards  more  particu- 
larly described.  The  common  or  ejaculatory  seminal  ducts,  which  pass 
forwards  from  the  vesiculm  seminales,  also  traverse  the  lower  part  of 
the  prostate,  enclosed  in  a special  hollow  part  of  the  gland,  and  open 
into  the  urethra;  and  in  the  middle,  close  in  front  of  these,  is  the 
prostatic  utricle. 

This  gland  is  usually  described  as  consisting  of  three  lobes,  two  of 
which,  placed  laterally,  and  meeting  behind  in  the  posterior  notch  and 
continuous  in  front  of  the  urethra,  are  of  equal  size  ; the  third  or 
middle  lobe,.  is  a smaller  pyriform  or  three-sided  mass,  intimately 
connected  with  the  other  two,  and  fitted  in  between  them  and  the  neck 
of  the  bladder  and  adjacent  part  of  the  urethra.  When  prominent  it 
corresponds  to  the  elevation  in  the  urinary  bladder  called  uvula  The 
separation  between  the  lobes  of  the  prostate,  which  is  little  marked 
m the  natural  state,  becomes  often  much  more  apparent  in  disease. 

Structure.— -1  he  prostate  gland  is  covered  externally  by  a dense 
fibrous  coat,  which  is  continuous  with  the  recto-vesical  fascia,  and  with 
the  posterior  layer  of  the  triangular  ligament.  Adams  describes  the 

TP  f as.dmsible  ,mt®  two  %ers,  between  which  the  pro- 
static  piexus  of  veins  is  enclosed.  The  glandular  substance  is  asso- 
ciated with  a large  quantity  of  plain  muscular  tissue,  which  forms 
the  principal  part  of  the  stroma  of  the  organ.  This  muscular  tissue 
forms  an  external  layer  below  the  fibrousApsule,  and  extends 

Xr,X“fh  the  fr|a?dulal'  6ul,sta,lcc  : there  is  also  a strong  layJr 
of  cnculai  fibres  continuous  posteriorly  with  the  sphincter  vesicm 

of  tt“mSaW1ahohmrtmofThr  6u™™d!ng.the  membranous  part 
almost  entirely  Kd^ l^XX^ 

I1*'0  glamU,lar  SUb; 

number  of  excretory  ducts  &Th  winch  unite  into  a smaller 

vesicular  terminations  and  irPlL 3Plfchellum  “columnar  both  in  the 
gland  the  acini  are  small -in d iiPr  • c,?na!s*  upper  part  of  the 

parts  the  tubes  are  longer' and  „„  llsPbenca| ; m the  middle  and  lower 
blood-vessels  spread  out  as  Ut?d-f  th?lr  ends-  The  capillary 

clusters  of  vesicles  and  the  diffp  s}mda^  S'^nds  on  the  ducts  and 
areolar  tissue,  united  by 

fibrous  capsule  and  muscular  strong  i°f  tbe  deeP  laJer  of 

to  twenty  or  more  orifices  unon  thTfl  ??Ct8  °pen  by  from  twelve 

3 Upou  the  flow  of  the  urethra,  chiefly  in  the 
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hollow  on  each  side  of  the  colliculus  seminalis.  (Adams,  Cyclop,  of 
Anat.  vol.  iv.,  p.  147.) 

Vessels  and  Nerves. — The  prostate  is  supplied  by  branches  of  the 
vesical,  hemorrhoidal,  and  pudic  arteries.  Its  veins  form  a plexus 
embedded  in  the  fibrous  covering  round  the  sides  and  base  of  the  gland, 
which  is  highly  developed  in  old  subjects.  These  veins  communicate 
in  front  with  the  dorsal  vein  of  the  penis,  and  behind  with  branches  of 
the  internal  iliac  vein.  According  to  Adams,  the  lymphatics,  like  the 
veins,  are  seen  ramifying  between  the  two  layers  of  the  fibrous  capsule. 
The  nerves,  which  are  derived  from  the  hypogastric  plexus,  consist  of 
both  medullated  and  non-medullated  fibres,  and  are  interspersed  with 
single  or  small  heaps  of  ganglionic  cells.  Pacinian  bodies  have  also 
been  observed  on  the  superficial  nerves.  (Klein  in  Strieker’s  Hand- 
buch.) 

Prostatic  fluid. — This  is  mixed  with  the  seminal  fluid  during  emission ; as 
obtained  from  the  human  prostate  soon  after  death,  it  has  a milky  aspect,  which 
is  ascribed  by  Adams  to  the  admixture  of  a large  number  of  epithelial  cells,  and 
he  thinks  it  probable  that,  as  discharged  diming  life,  it  is  more  transparent. 
According  to  the  same  observer,  the  prostatic  fluid  has  an  acid  reaction,  and 
presents,  under  the  microscope,  numerous  molecules,  epithelial  particles  both 
squamous  and  columnar,  and  granular  nuclei  about  3—  inch  in  diameter.  As 
age  advances,  when  this  gland  is  disposed  to  become  enlarged,  its  ducts  often 
contain  small  round  concretions  of  laminated  appearance,  and  varying  from  a 
small  size  up  to  that  of  a millet  seed ; they  sometimes  contain  carbonate  of  lime, 
but  are  principally  composed  of  animal  matter,  which  in  some  of  them  appears 
to  be  entirely  amylaceous,  in  others  albuminous,  and  more  frequently  is  of  a mixed 
character.  (Virchow’s  Cellular  Pathology,  by  Chance,  p.  3G9.) 

THE  PENIS. 

The  penis,  which  supports  the  greater  part  of  the  urethra  iu  the  male, 
is  composed  principally  of  an  erectile  tissue,  arranged  in  three  long 
somewhat  cylindrical  masses,  which  are  enclosed  in  fibrous  sheaths,  and 
are  united  together  so  as  to  form  a three-sided  prism  which  receives  a 
covering  from  the  general  integument.  Of  these  masses,  two,  named 
corpora  cavernosa  penis,  placed  side  by  side,  form  the  principal  part  of 
the  organ,  whilst  the  other,  situated  beneath  the  two  preceding,  sur- 
rounds the  canal  of  the  urethra,  and  is  named  corpus  cavernosum  urethra 
or  corpus  spongiosum. 

The  penis  is  attached  at  its  root  to  the  symphysis  of  the  pubes,  and 
to  the  pubic  arch  ; in  front  it  ends  in  an  enlargement  named  the  glans, 
which  is  structurally  similar  to  and  continuous  with  the  corpus  spongi- 
osum. The  intermediate  portion  or  body  of  the  penis,  owing  to  the 
manner  in  which  its  three  component  parts  are  united  together,  has  three 
someivhat  flattened  sides  and  three  rounded  borders  : the  upper  and 
anterior  side  is  named  the  dorsum.  The  glans  penis,  which  is  slightly 
compressed  above  and  below,  presents  at  its  extremity  a vertical  fissure 
forming  the  external  orifice  of  the  urethra;  its  base,  which  is  wider  than 
the  body  of  the  penis,  is  hollowed  out  to  receive  the  narrowing  extremities 
of  the  corpora  cavernosa ; its  border  is  rounded  and  projecting,  and  is 
named  the  corona  glandis,  behind  which  is  a constriction  of  the  penis 
named  the  cervix.  The  median  fold  of  integument  attaching  the  glans 
below  the  urethral  orifice  to  the  inferior  border  of  the  penis  is  named  the 
freenum  of  the  prepuce. 
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The  Integuments.— The  integument  of  the  penis,  which  is  con- 
tinued from  that  of  the  pubes  and  scrotum,  forms  a simple  investment 
ns  far  as  the  neck  of  the  glans.  At  this  part  it  leaves  the  surface  and  is 
-doubled  up  in  a loose  cylindrical  fold,  constituting  the  prepuce  or  fore- 
skin. The  inner  layer  of  this  fold  returns  to  the  penis  behind  the  cervix 
where  it  is  firmly  attached  ; and  from  thence  the  integument,  becoming 
again  adherent,  is  continued  forwards  over  the  corona  and  glans,  as  far 
■as  the  orifice  of  the  urethra,  where  it  meets  with  the  mucous  membrane 
■of  the  urethra.  Upon  the  body  of  the  penis  the  skin  is  thin,  free  from 
fat,  and,  in  the  anterior  two-thirds  of  its  length,  from  hairs  also  ; in 
these  respects  differing  remarkably  from  that  on  the  pubes,  which  is 
thick,  covers  a large  cushion  of  fat,  and,  after  puberty,  is  beset  with 
hairs  : the  skin  of  the  penis  is  moreover  very  movable  and  distensible 
and  is  of  a darker  colour  than  that  of  the  neighbouring  parts.  At  the 
free  margin  of  the  prepuce  the  integument  changes  its  character,  and 
approaches  to  that  ot  a mucous  membrane,  being  red,  thin,  and  moist. 
.Numerous  sebaceous  glands  are  collected  round  the  cervix  of  the  penis 
and  corona  glandis  ; they  are  named  the  glands  of  Tyson,  or  glandulm 
■odonferas,  their  secretion  having  a peculiar  odour. 

Upon  the  surface  of  the  glans  penis  the  integument  again  changes  its 
-character  ; it  ceases  to  contain  glands,  but  is  beset  with  large  papilhe 

V61J  .vasculai’and  extremely  sensitive,  and  it  adheres  most 
intimately  and  immovably  to  the  spongy  tissue  of  the  glans. 

-eQn?at  l the  skin,  on  the  body  of  the  penis,  the  ordinary  superficial 
fascia  is  very  distinct  ; it  is  continuous  with  that  of  the  groin  and 
•also  with  the  dartos  tissue  of  the  scrotum.  Near  the  root  of  the 
organ  there  is  in  front  a dense  band  of  fibro-elastic  tissue,  named  the 

it S ]jmg-  amongst  the  fibres  of  the  superficial  fascia  • 

Iri lts  1ante™r b01^  free,  above  it  is  connected 

the  dom/m  o/the  pent  ‘ 6ymplW  “d  bd°W  11  rUns  down 

the  l’enis  are  supplied  with  blood  by  branches  of 
the  dorsal  artery  of  the  penis  and  external  pndic ; the  veins  ioin  the 
■dorsa  and  external  pudic  veins.  Their  nerves  are  derived  from  the 
oi  sal  and  anterior  superficial  perineal  branches  of  the  pudic  nerves. 
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penis' anTcMpfl?!^0®3,  fo?im  PrinciPal  of  the  body  of  the 

erection.  They  are  Uvo^ii  V?  and  consistence  in  the  state  of 

on  their  median  aspects  plTd  side  byside’  “ened 

along  the  middle  line  in  the  0S(T  -v  ,united  and  in  part  blended  together 
whilst  at  the  back  par?  t ? /T  tbreei0U1*ths  of  their  length  ; 
separate  from  each  other  tl  ?tact  lvltb  symphysis  pubis,  they 
processes  named  crurcc  wbiofi  ^ 011^.0^  two  bulging  and  then  tapering 
pubic  and  ischial  rami  and*  ®Xfce?din&  backwards,  are  attached  to  the 
ischio-cavemosi  muscles*  Th?0  1lnves-ted  b7  fcPe  erectores  penis  or 

Kobelt  the  bulb  of  the  corvnm  ^ ar^ed  Portion  afc  tbe  root,  named  by 
portionate  development  in  L cav<ir'f'osa>  attains  a much  greater  pro- 
the  corpora  cavernSa  a?  9,^peda  than  in  man.  In  front, 
•extremity,  which  is  covered  bv  h J°l]lld  toS'efcber  into  a blunt  conical 
its  base  by  fibrous  tissue  “ 1C  ^ aus  Penis  and  firmly  connected  to 
vol.  ir. 
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The  under  surface  of  the  united  cavernous  bodies  presents  a longi- 
tudinal groove,  in  which  is  lodged  the  corpus  spongiosum,  containing 


Fig.  311. 


Fig.  311. — Root  of  tiik  Penis  attached 

to  the  Rami  of  the  Pubes  and 

Ischium  (from  Kobelt).  § 

a , a,  accelerator  u rinse  muscle  covering 
the  bulb  of  the  spongy  body  of  the  urethra, 
which  presents  at  e,  posteriorly,  a median 
notch  ; b,  b,  anterior  slips  of  the  muscle 
or  bulbo-cavernosi  ; c,  c,  crura  of  the 
penis,  presenting  an  oval  dilatation  or 
bulb  of  the  corpus  cavernosum  ; d,  d, 
erectores  penis  muscles  ; /,  corpus  spon- 
giosum urethra). 

the  greatest  part  of  the  canal  of 
the  urethra.  The  upper  or  an- 
terior surface  is  also  marked  with 
a slight  median  groove  in  which 
the  dorsal  vein  of  the  penis  is 
situated,  and  near  the  root  is  at- 
tached to  the  pubes  by  the  sus- 
pensory ligament. 

Structure. — The  median  sep- 
tum between  the  two  corpora 
cavernosa  is  thick  and  complete 
near  the  root  of  the  penis ; but 
farther  forward  it  becomes  thin- 


ner, and  only  imperfectly  separates  their  two  cavities,  for  it  presents, 
particularly  towards  the  anterior  extremity,  numerous  clefts,  extending 
from  the  dorsal  to  the  urethral  edge,  and  admitting  of  a free  communi- 


Fig.  312. — Transverse  Section  of  the  Penis  in  the 
distended  state  (altered  from  Henle). 

Tbe  outer  line  indicates  tlie  integument  surrounding 
the  deeper  parts  ; the  erectile  tissue  of  the  corpora 
cavernosa  and  the  septum  pectiniforme  are  shown  in 
section  j ?/ , placed  on  the  section  of  the  spongy  body , 
below  the  urethra  ; v,  the  single  dorsal  vein  ; a,  the 
dorsal  artery,  and  n,  the  nerve,  of  one  side. 

cation  between  the  erectile  tissue  of  the  two 
sides.  From  the  direction  of  these  slits,  the 
intermediate  white  portions  of  the  septum 
resemble  somewhat  the  teeth  of  a comb, 
and  hence  have  received  the  name  of  septum  pectiniforme.  . 

The  external  fibrous  investment  of  the  cavernous  structure  is  w n e 
and  dense,  from  half  a line  to  a line  thick,  and  very  strong  and  elastic. 
It  is  composed  for  the  most  part  of  longitudinal  bundles  of  shim 
white  fibres,  with  numerous  well-developed  elastic  fibres,  enclosing  ie 
two  corpora  cavernosa  in  a common  covering  and  internal  to  t.  ns,  eac 
compartment  is  surrounded  by  a layer  of  circular  fibres,  whic 

into  the  formation  of  the  septum. 

From  the  interior  of  the  fibrous  envelope,  and  from  the  sides 
septum,  numerous  lamellae,  bands,  and  cords,  composed  of  fibrous  elastic 
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and  plain  muscular  tissue,  and  named  trcibeculce,  pass  inwards,  and  run 
through  and  across  the  cavity  in  all  directions,  thus  subdividing  it  into 


«.  a small  artery  supported 
by  the  larger  trabeculae,  and 
branching  out  on  all  sides  ; c, 
the  tendril-like  arterial  tufts 
or  helicine  arteries  of  Muller  ; 
d,  the  areolar  structure  formed 
by  the  finer  trabeculae. 


a multitude  of  interstices 
occupied  by  tortuous 
veins,  and  giving  the 
entire  structure  a spongy 
character. 

The  trabeculce, 
whether  lamelliform  or 
cord-like,  are  larger  and 
stronger  near  the  cir- 
cumference than  along  the  centre  of  each  cavernous  body,  and  they  als< 
become  gradually  thicker  towards  the  crura.  The  venous  interspaces 
onveisely,  are  larger  m the  middle  than  near  the  surface  ; their  lorn 


Fig.  313. — Portion  of  the 
Erectile  Tissue  of  the 
Corpus  Cavernosum  mag- 
nified, SHOWING  THE  AREO- 
LAR Structure  and  the 
Vascular  Distribution 
(from  J.  Muller). 


Fig.  313. 


1 


Fig.  314. 


2 


ramuLTes  tXySLZf  ’ 2’  of  arte 


penis  : and they ^omeTar^?  t^011’  ,Pla<?d  trans^rsely  to  that  of  the 
are  lined  by  a layer  of  flatten e/^ni?  forepart  of  the  penis.  They 

other  veins.  The  trabeenlw*  epithelioid  cells  similar  to  that  lining 

and  fine  e astic  fib w SthT^ the  °rdina^  white  fibrous  tissue 
noie.,  together  with  a considerable  quantity  of  pale 
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muscular  fibres,  and  in  many  of  them  small  blood-vessels  and  nerves 
occupy  the  interior. 

The  intertrabecular  spaces  thus  form  a labyrinth  of  intercommuni- 
cating venous  arcolm  divided  by  the  trabecular  tissue,  and  opening 
freely  from  one  corpus  cavernosum  to  the  other  through  the  septum, 
especially  in  front.  The  blood  is  carried  away  from  these  spaces  by 
two  sets  of  veins,  the  one  joining  the  prostatic  plexus  and  pudendal 
veins  below  ; the  others  passing  into  the  dorsal  vein  superiorly.  Of 
these  last  some  issue  from  between  the  corpus  cavernosum  and  the 
spongy  body  of  the  urethra,  encircling  the  penis  nearly  at  right  angles, 
while  others  pass  more  directly  into  the  dorsal  vein  from  the  upper 
surface. 

The  principal  arteries  of  the  corpora  cavernosa  are  the  cavernous 
branches  of  the  pudic  arteries  (pro fund®  penis),  of  the  right  and  left 
sides  ; but  the  dorsal  artery  of  the  penis  also  sends  small  twigs 
through  the  fibrous  sheath  of  the  corpora  cavernosa,  along  the  upper 
surface,  especially  in  the  fore  part  of  the  penis.  Within  the  cavernous 
tissue,  the  numerous  branches  of  arteries  are  supported  by  the  trabeculae, 
in  the  middle  of  which  they  run,  and  terminate  in  two  modes  ; some  of 
them  subdividing  into  branches  of  capillary  minuteness  which  open  into 
the  intertrabecular  spaces ; while  others  form  tendril-like  twigs  which 
project  into  the  spaces,  and  end  in  peculiar  curling  dilated  extremities 
to  which  attention  was  first  called  by  J.  Muller,  who  named  them  helt- 
cine  arteries,  and  regarded  them  as  a special  structure  belonging  to  the 
erectile  tissue.  The  extremity  of  each  curled  dilatation  would  appear 


Fig.  315. 


Fig.  315. — Helicine  Arteries  with 

their  SHEATHS,  &c.  (from  Henle). 

Magnified  with  a low  power. 

A and  B,  from  the  corpus  cavernosum 
penis  ; D,  from  the  corpus  spongiosum 
urethrae  ; C,  transverse  section  of  one  of 
the  helicine  arteries  ; iu  this  and  the 
other  figures  the  smaller  lateral  pro- 
longations of  the  arterial  vessels  into  the 
sheath  are  shown  ; * *,  fasciculi  of  con- 
nective tissue  passing  off  from  the  sum- 
mit of  two  of  the  sheaths. 

to  be  bound  down  by  a small 
fibrous  band,  which  according  to 
Henle  is  usually  solid,  but  is 
said  by  Kolliker  to  contain  a 
capillary  continuation  of  the 
blood-vessel.  The  helicine  ar- 
teries are  most  abundant  in  the 
posterior  part  of  the  corpora 
cavernosa,  and  are  found  in  the 
corresponding  part  of  the  corpus 
spongiosum  also ; but  they  have 
not  been  seen  in  the  glans  penis. 
Various  views  have  been  taken 


lifferent  anatomists  of  the  nature  of  these  tufted  vascular  processes, 
s very  full  researches  of  Langer  appear  to  show  that  they  are  nothing 
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more  than  arterial  loops  or  convolutions  thrown  into  peculiar  forms 
by  the  manner  in  which  they  are  bound  down  by  the  trabeculae  in 
which  they  run.  They  are  most  distinct  in  man,  but  are  not  con- 
stant in  animals,  so  that,  whatever  may  be  their  use,  they  do  not  appear 
to  be  essential  to  the  process  of  erection. 

According  to  Langer  the  deep  arteries  of  the  corpora  cavernosa,  pene- 
trating by  the  side  of  the  septum,  and  dividing  within  the  trabeculae, 
terminate  in  the  following  several  ways  : 1st,  over  the  whole  surface  of 
the  corpora  cavernosa  and  close  to  the  fibrous  sheath  and  septum,  they 
form  by  their  division  true  capillaries  which  communicate  with  the 
deeper  cortical  venous  network  ; 2nd,  into  this  network  there  also  open 
directly  arterial  twigs  of  about  T^th  of  an  inch  in  diameter,  without  any 
intermediate  capillary  division  ; and  3rd,  arterial  vessels  of  from  T£oth  to 
s-£oth  of  an  inch  in  diameter  open,  without  the  intervention  of  capil- 
laries, into  the  larger  venous  spaces  of  the  interior.  Capillary  networks 
also  surround  the  arterial  branches  and  the  trabeculae  of  the  deeper 
parts  of  the  corpora  cavernosa.  (C.  Langer,  in  Sitzungsbericht  der 
Wien.  Acad.,  vol.  xlvi.  p.  120.) 


CORPUS  SPONGIOSUM. 


The  corpus  spongiosum  urethra  commences  in  front  of  the  triangular 
ligament  of  the  perineum,  where  it  is  placed  between  the  diverging  crura 
of  the  corpora  cavernosa,  and  somewhat  behind  their  point  of  junction. 
The  enlarged  and  rounded  posterior  extremity  is  named  the  bulb,  and  is 
situated  below  the  urethra.  It  extends  forwards  as  a cylindrical,  or 
slightly  tapering  body,  lodged  in  the  groove  on  the  under  side  of  the 
united  cavernous  bodies,  as  far  as  their  blunt  conical  anterior  extremity, 
over  which  it  expands  so  as  to  form  the  glans  penis  already  described. 
In  the  whole  of  this  extent  it  encloses  the  urethra. 

The  posterior  bulbous  part,  or  bulb  of  the  urethra,  varies  in  size  in 
different  subjects.  It  receives  an  investment  from  the  triangular  liga- 
ment on  which  it  rests,  and  is  embraced  by  the  accelerator  urinae,  or 
bulbo-cavernosus  muscle.  The  posterior  extremity  of  the  bulb  exhibits, 
more  or  less  distinctly,  a subdivision  into  two  lateral  portions  or  lobes, 
separated  by  a slight  furrow  on  the  lower  surface,  and  by  a slender  fibrous 
partition  within,  which  extends  for  a short  distance  forwards  ; in  early 
infancy  this  is  more  marked.  It  is  above  this  part  that  the  urethra, 
having  pierced  the  triangular  ligament,  enters  the  bulb,  surrounded 
obliquely  by  a portion  of  the  spongy  tissue,  named  by  Kobelt  the  colli- 
culus bulbi,  from  which  a layer  of  venous  erectile  tissue  passes  back 
upon  the  membranous  and  prostatic  portions  of  the  urethra  to  the 
necii  oi  the  bladder,  lying  closely  beneath  the  mucous  membrane.  At 
smnn  i 6 Ur°k ira  nefu'er  the  upper  than  the  lower  part  of  the  corpus 
that  i?1°nUrn5  kW  it  soon  gains  and  continues  to  occupy  the  middle  of 


r^1'S  *s  essentially  the  same  as  regards  the  vascular  pa 
external  fik  corP01'a  cavernosa,  but  with  a much  less  quantity  of  tl 
c trabecular  structure.  Like  the  corpoi 
the  same  rifrlrHtv1S  during  erection,  but  never  acquiri 

in  enlnnr  anrl  ^ * f • outer  fibrous  tunic  is  much  thinner,  is  less  whi 
director]  fnr  tho  011  m°re  elastic, tissue  ; the  areolte  are  smaller,  an 
most  part  with  their  long  diameter  in  the  line  of  tin 
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of  the  penis ; the  trabeculae  are  finer  and  more  equal  in  size ; and 
the  veins  form  a nearly  uniform  plexus  between  them  ; in  the  glans,  the 
meshes  of  this  plexus  are  smallest  and  most  uniform.  Plain  muscular 
fibres  immediately  surround  the  canal  of  the  urethra,  and  also  form  part 
of  the  external  coat  of  the  spongy  substance.  The  helicine  arteries  are 
found  in  the  spongy  body,  especially  towards  the  bulb,  but  not  in  the 
part  which  forms  the  glans  penis.  A considerable  artery  derived  from 
the  internal  pudic  enters  the  bulb  on  each  side,  and  supplies  the  greater 
part  of  the  spongy  body,  sending  branches  as  far  as  the  glans  penis, 
but  this  part  is  chiefly  supplied  by  branches  from  the  arteria  dorsalis. 
Besides  these,  Kobelt  describes,  as  constantly  present,  another  but  much 
smaller  branch  of  the  pudic  artery,  entering  the  bulb  on  the  upper 
surface,  about  an  inch  from  its  posterior  extremity,  and  running  forwards 
in  the  corpus  spongiosum  to  the  glans.  It  is  only  in  the  spongy 
body  of  the  bulb  that  the  arteries  open  directly  into  the  veins  : there 
in  part,  and  elsewhere  entirely,  it  is  by  the  intervention  of  capillaries. 
Veins  issue  from  the  glans  and  adjoining  part  of  the  spongy  body,  to  end 
in  the  vena  dorsalis  penis  ; those  of  the  rest  of  the  spongy  body  for  the 
most  part  pass  backwards  through  the  bulb,  and  end  in  the  prostatic 
and  pudic  venous  plexuses  : some  emerge  from  beneath  the  corpora 
cavernosa,  anastomose  with  their  veins,  and  end  partly  in  the  cutaneous 
veins  of  the  penis  and  scrotum,  and  partly  in  the  pudic  and  obturator 
veins. 

The  lymphatics  of  the  penis  form  a dense  network  on  the  skin  of 
the  glans  and  prepuce,  and  also  underneath  the  mucous  lining  of  the 
urethra.  They  pass  chiefly  into  the  inguinal  glands.  Deep-seated 
lymphatics  are  also  described  as  issuing  from  the  cavernous  and  spongy 
bodies,  and  passing  under  the  pubic  arch  with  the  deep  veins,  to  join 
the  lymphatic  plexuses  in  the  pelvis. 

The  nerves  of  the  penis  are  derived  from  the  dorsal  and  superficial 
perineal  branches  of  the  pudic  nerve  and  from  the  hypogastric  plexus 
of  the  sympathetic.  The  former  are  distributed  to  the  skin  and  mu- 
cous membrane,  the  latter  entirely  to  the  cavernous  and  spongy  bodies. 
Krause  observed  end-bulbs  on  the  nerves  of  the  penis,  and  Schweigger- 
Seidel  found  Pacinian  bodies  on  the  nerves  of  the  glans. 

URETHRA  OF  THE  MALE. 

The  male  urethra  extends  from  the  neck  of  the  bladder  to  the  extremity 
of  the  penis.  Its  total  length  is  about  eight  inches  and  a half,  but 
varies  much  according  to  the  length  of  the  penis,  and  the  condition  of 
that  organ.  Its  diameter  varies  at  different  parts  of  its  extent,  as  will 
be  stated  more  particularly  hereafter.  The  tube  consists  of  a contin- 
uous mucous  membrane,  supported  by  an  outer  layer  of  submucous 
tissue  connecting  it  with  the  several  parts  through  which  it  passes.  In 
the  submucous  tissue  there  are,  throughout  the  whole  extent  of  the 
urethra,  two  layers  of  plain  muscular  fibres,  the  inner  fibres  disposed 
longitudinally,  and  the  outer  in  a circular  direction.  The  urethra  is 
described  under  the  three  divisions  of  the  prostatic,  membranous,  and 
spongy  portions. 

1.  The  first,  or  prostatic  portion,  is  the  part  which  passes  through 
the  prostate  gland.  It  is  about  15  lines  in  length,  is  the  widest  part 
of  the  canal,  and  is  wider  in  the  middle  than  at  either  end  : at  the  neck 
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of  the  bladder  its  diameter  is  nearly  4 lines,  in  the  next  part  it  widens 
a little,  so  as  to  be  rather  more  than  4 lines,  and  in  old  persons  5 or  6, 


Fig.  316. 


Fig.  316.— TnE  lower  i>art  of  the  Bladder  and  the  Frostatic,  Membranous  and 
Bulbous  parts  of  the  Urethra  opened  from  above.  (A.  T. ) ’ 

A portion  of  the  wall  of  the  bladder  and  the  upper  part  of  the  prostate  gland  have 
been  removed,  the  corpora  cavernosa  penis  have  been  separated  in  the  middle  line  and 
turned  to  the  side,  and  the  urethra  has  been  slit  up  ; the  bulb  is  left  entire  below,  and 
8 ands  °f  Cowper  with  their  ducts  have  been  exposed,  t,  placed 
el  evnt  lAn  rvft  L f th®tnSonum  vesicse  5 «,  u,  oblique  apertures  of  the  ureters  ; from  these  an 
lInffSnfHt.fi  Wa  i °f  X®  bladd!r  1&;  shown  running  down  to  u v,  the  uvula  vesica) ; l,  the 
cireuHSSrpSfSL1^  v rC?  °f  t le  bladder  l,assing  down  upon  the  prostate  ; « v,  the 
rtlte  r/  flf  surrounding  the  neck  ; p,  the  glandular  part  of  the  pro- 

seen  descend imr  b01  urethra, ; from  the  uvula  vesicas  a median  ridge  is 

sinus  nocu laris  to-ntd  7 gaUinaginis,  in  which  s indicates  the  opening  of  the 

the  membranous  ptti’onof  the^thrf 'VuSvKuSf  1 ot 

AA  LM  with  l t,,e  uro*ln‘- iM0 
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Rmoii ! ti  climmislies  like  a funnel,  until,  at  its  anterior  limit,  it 
is  smaller  than  at  its  commencement.  It  passes  through  the  upper  part 
ol  the  prostate,  above  the  middle  lobe,  so  that  there  is  more  of  the  gland 
below  it  than  above.  Though  enclosed  in  the  firm  glandular  substance, 
it  is  more  dilatable  than  any  other  part  of  the  urethra;  but  imme- 
diately at  the  neck  of  the  bladder,  it  is,  as  elsewhere  stated,  much 
more  resistant  The  transverse  section  of  the  urethra,  as  it  lies  in  the 
prostate,  m widened  from  side  to  side  and  curved  with  the  convexity 
upwards,  the  upper  and  under  mucous  surfaces  being  in  contact. 

Ihe  lining  membrane  of  the  prostatic  portion  of  the  urethra  is 
thrown  into  longitudinal  folds,  when  not  distended  by  fluid.  Towards 
the  neck  of  the  bladder,  a slight  elevation  on  the  lower  surface  passes 
back  into  the  uvula  vesicae.  Somewhat  in  advance  of  this,  and  con- 
tinued from  it  along  the  floor  of  the  passage,  projects  a narrow 
median  ridge,  about  8 or  9 lines  in  length,  and  !-£  line  in  its  greatest 
height ; this  ridge  gradually  rises  into  a peak,  and  sinks  down  again 
at  its  anterior  or  lower  end,  and  is  formed  by  an  elevation  of  the 
mucous  membrane  and  subjacent  tissue.  This  is  the  crest  of  the 
urethra  (crista  urethras),  which  also  receives  the  names  of  colliculus 
semmalis,  caput  gallmaginis  and  verumontanum.  On  each  side  of  this 
ridge  the  surface  is  slightly  depressed,  so  as  to  form  a longitudinal 
groove,  named  the  prostatic  sinus,  the  floor  of  which  is  pierced  by  nu- 
merous foramina,  the  orifices  of  the  prostatic  ducts.  Through  these  a 
viscid  fluid  oozes  out  on  pressure  ; the  ducts  of  the  middle  lobe  open 
behind  the  urethral  crest,  and  some  others  open  before  it.  The  prostatie 
urethral  mucous  membrane  is  covered  by  a flat  laminated  epithelium. 

T esicula  pro  statica. — At  the  fore  part  of  the  most  elevated  portion  of 
the  crest,  and  exactly  in  the  middle  line,  is  a recess,  upon  or  within 
the  margins  of  which  are  placed  the  slit-like  openings  of  the  common 
seminal  or  ejaculatory  ducts,  one  at  each  side.  This  median  depression 
leads  into  the  prostatic  vesicle,  which  has  been  named  also  sinus pocu- 
lans,  or  utricle.  It  was  first  described  by  Morgagni,  and  has  more 
lately  attracted  renewed  attention,  as  corresponding  with  the  structure 
which  in  the  female  is  developed  into  the  uterine  passage. 

The  vesicle  forms  a cul-de-sac  running  upwards  or  backwards,  from 
three  to  five  lines  deep,  and  usually  about  one  line  wide  at  its  entrance 
and  for  some  distance  up,  but  acquiring  a width  of  at  least  two  lines  at 
its  upper  end  or  fundus.  The  narrow  portion  runs  in  the  urethral  crest., 
and  its  fundus  appears  to  lie  behind  and  beneath  the  middle  lobe,  and 
between  the  two  lateral  lobes  of  the  prostate.  Its  parietes,  which  are  dis- 
tinct, and  of  some  thickness,  are  composed  of  fibrous  tissue  and  mucous- 
membrane,  together  with  a few  muscular  fibres,  and  enclose  on  each  side- 
the  ejaculatory  duct ; numerous  small  ramified  and  convoluted  glands 
open  on  its  inner  surface.  The  epithelial  lining  is  of  the  flat  laminated 
kind.  According  to  Kobelt  and  others,  the  caput  gallinaginis  contains 
some  well-marked  erectile  and  plain  muscular  tissue,  and  it  has  been 
supposed  that  this  eminence,  when  distended  with  blood,  may  offer  an 
obstacle  to  the  passage  of  the  semen  backwards  into  the  bladder.  (E. 
H.  Weber,  Zusiitze  zur  Lehre  vom  Baue  und  Verrichtungen  der  G-esch- 
lechts-Organe,  1846  ; Huschke  in  Soemmerring’s  Anatomie,  vol.  v.  ; 
Leuckart,  “ Yesicula  Prostatica,”  in  Cyclop,  of  Anat.  & Phys.) 

2.  The  membranous  portion  of  the  urethra  comprises  the  part 
between  the  apex  of  the  prostate  and  the  bulb  of  the  corpus  spongio- 
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sum.  It  measures  three  quarters  of  an  inch  along  its  anterior,  but 
only  about  half  an  inch  on  its  posterior  surface,  in  consequence  of  the 
projection  backwards  on  it  of  the  bulb.  This  is  the  narrowest  division 
of  the  urethra.  In  the  middle  its  circumference  is  0’6  of  an  inch  : at 
the  end  0’5.  It  is  placed  beneath  the  pubic  arch,  the  anterior  con- 
cave surface  being  distant  nearly  an  inch  from  the  bone,  leaving  an 
interval,  occupied  by  the  dorsal  vessels  and  nerves  of  the  penis,  by 
areolar  tissue,  and  some  muscular  fibres.  Its  lower  convex  surface 
is  turned  towards  the  perinasum,  opposite  to  the  point  of  meeting 
of  the  transverse  muscles  : it  is  separated  by  an  interval  from  the 
last  part  of  the  rectum.  About  a line  in  front  of  the  prostate,  it 
emerges  from  between  the  anterior  borders  of  the  levatores  ani,  and 
passes  through  the  deep  layer  of  the  subpubic  fascia  ; it  is  then  placed 
between  that  and  the  anterior  layer  or  triangular  ligament  through 
which  it  passes  someway  farther  forwards,  and  has  both  of  these  fibrous 
membranes  prolonged  upon  it,  the  one  backwards  and  the  other  for- 
wards. Between  these  two  layers  the  urethra  is  surrounded  by  erectile 
tissue,  by  some  veins,  and  also  by  the  fibres  of  the  compressor  urethrae 
muscle  beneath  it.  On  each  side  are  Cowper’s  glands.  The  proper  or 
plain  muscular  fibres  of  this  portion  of  the  urethra  are  continued  over 
the  outer  and  inner  surfaces  of  the  prostate  into  the  muscular  fibres  of 
the  bladder  posteriorly,  and  into  those  of  the  spongy  portion  of  the 
urethra  anteriorly.  (Hancock.) 

o.  The  spongy  portion  of  the  urethra,  by  far  the  longest  and  most 
variable  in  length  and  direction,  includes  the  remainder  of  the  canal, 
or  that  part  which  is  surrounded  hy  the  erectile  tissue  of  the  corpus 
spongiosum.  Its  length  is  about  six  inches.  The  part  contained 
within,  the  bulb,  sometimes  distinguished  as  the  bulbous  portion,  or 
sinus,  is  somewhat  dilated.  The  succeeding  portion,  as  far  as  the  glans, 
is  of  uniform  diameter,  being  intermediate  in  this  respect  between  the 
u bous  and  membranous  portions.  The  cross  section  of  its  canal 
appears  like  a transverse  slit.  The  canal  of  the  urethra,  situated  in 
tne  glans  has,  on  the  contrary  when  seen  in  a cross  section,  the  form 
or  a vertical  slit in  this  part,  which  is  from  four  to  six  lines  in  length, 

f 6 canal  is  again  considerably  dilated,  forming  what  is  named  the 
jossa  namculans. 


Lastly,  at  its  orifice,  which  is  a vertical  fissure  from  two  and  a half 
to  three  lines  in  extent,  and  bounded  by  two  small  lips,  the  urethra  is 
contracted  and  reaches  its  narrowest  dimensions.  From  the 
admire  ooture  of  the  tissues  at  its  margin,  this  opening  does  not 
the  canal  ^ & S°Und  °r  Catheter  as  even  the  membranous  portion  of 


tifiedepS«°n,f  niefbrane  of  tlie  urethra  possesses  a lining  of  stra- 
for  some  disHr>m’  f!  W \lcb  tbe  superficial  cells  are  columnar,  except 
the  subiacent  m \°m  t le.or^ce>  tvhere  they  are  squamous,  and  where 

fpill*-,  Outside  the  mucous 
ternal  to  tw  „ i ‘ a^r  n0^  convoluted  vascular  structure,  and  ex- 

fr0ThthehP,Trr  •8uS“C°e  “ 

mose  mucous  plan?  mei?bl'onc  °f  the  urethra  is  beset  with  small  race- 
the  ducts  Of  K ',’-Cles’  “““only  named  the  glands  of  Littre, 

They  “arv  much  0bjU)udy  Awards  through  the  membranes, 

they  vary  much  in  size  and  m the  extent  to  which  their  cavities  are 
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ramified  and  sacculated.  Besides  these  there  are  larger  recesses  or 
lacuna;,  opening  by  oblique  orifices  turned  forwards  or  down  the  canal. 
These  are  most  abundant  along  the  floor  of  the  urethra,  especially  in 
its  bulbous  part.  One  large  and  conspicuous  recess,  situated  on  the 
upper  surface  of  the  fossa  navicularis,  is  named  the  lacuna  magna.  A 
median  fold  of  the  membrane  rising  from  the  inferior  surface  of  this 
part  of  the  urethra  has  been  named  the  valve  of  the  fossa  navicularis. 

Cowper’s  glands. — In  the  bulbous  portion  of  the  urethra,  near  its 
anterior  end,  are  the  two  openings  of  the  ducts  of  Cowper’s  glands. 
These  small  glandular  bodies  are  seated  farther  back  than  the  bulb, 
beneath  the  fore  part  of  the  membranous  portion  of  the  urethra, 
between  the  two  layers  of  the  subpubic  fascia,  the  anterior  layer  sup- 
porting them  against  the  urethra.  The  arteries  of  the  bulb  pass  above, 
and  the  transverse  fibres  of  the  compressor  urethrae  beneath  these 
glands.  They  are  two  small  firm  rounded  masses,  about  the  size  of 
peas,  and  of  a deep  yellow  colour.  They  are  compound  vesicular  or 
racemose  glands,  composed  of  several  small  lobules  held  together  by  a 
firm  investment.  This  latter,  as  well  as  the  walls  of  the  ducts,  con- 
tains muscular  tissue.  The  branched  ducts  which  commence  in  saccular 
crypts,  unite  outside  each  gland  to  form  a single  excretory  duct.  These 
ducts  run  forward  near  each  other  for  about  an  inch  or  an  inch  and  a 
half,  first  in  the  spongy  substance  and  then  beneath  the  mucous  mem- 
brane, and  terminate  in  the  floor  of  the  bulbous  part  of  the  urethra  by 
two  minute  orifices  opening  obliquely.  These  glands  secrete  a viscid 
fluid,  the  use  of  which  is  not  known  ; they  appear  to  diminish  in  old 
age  ; sometimes  there  is  only  one  present,  and  it  is  said  both  may  be 
absent. 

Occasionally  there  is  a third  glandular  body  in  front  of  and  between  Cowper  s 
glands  ; this  has  been  named  the  anterior  prostate  or  ante-prostatic  gland. 

The  muscles  in  connection  with  the  urethra  and  penis  have  been 
already  described  with  the  muscles  of  the  perinseum  in  the  first  volume. 


THE  TESTICLES,  AND  THEIR  ACCESSORY  STRUCTURES. 

The  testicles  or  testes,  the  two  glandular  organs  which  secrete  the 
seminal  fluid,  are  situated  in  the  pouch  of  integument  termed  the  scro- 
tum, each  being  suspended  by  the  spermatic  cord.  The  latter  parts 
will  be  first  described. 

The  spermatic  cord. — The  parts  which  form  this  cord  are  the 
excretory  duct  of  the  testicle,  named  the  vas  deferens,  the  spermatic 
artery  and  veins,  lymphatics,  nerves,  and  connecting  areolar  tissue. 
Besides  this  last  the  cord  has  several  coverings  in  common  with  the 
testis.  The  structures  mentioned  come  together  to  form  the  cord  at  the 
internal  or  deep  abdominal  ring,  and,  extending  through  the  abdominal 
wall  obliquely  downwards  and  towards  the  middle  line,  escape  at  the 
superficial  or  external  abdominal  ring,  whence  the  cord  descends  over 
the  front  of  the  pubes  into  the  scrotum. 

COVERINGS  OP  THE  TESTIS  AND  CORD. 

The  inguinal  canal. — By  the  term  inguinal  canal  is  understood  the 
space  occupied  by  the  spermatic  cord  as  it  passes  through  the  abdominal 
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wall.  It  extends  from  the  deep  to  the  superficial  abdominal  ring,  and 
is  about  an  inch  and  a half  in  length.  In  the  upper  part  of  this  course, 
the  cord  has  placed  behind  it  the  fascia  transversalis,  and  is  covered  in 
front  by  the  lower  fibres  of  the  internal  oblique  and  transversalis 
muscles  ; lower  down  it  lies  in  front  of  the  conjoined  tendon  of  these 
muscles,  the  fibres  of  which  have  arched  inwards  over  it,  and  its  cre- 
masteric covering  is  in  contact  anteriorly  with  the  aponeurosis  of  the 
external  oblique  muscle.  The  inguinal  canal  is  therefore  said  to  be 
bounded  posteriorly  by  the  fascia  transversalis  above  and  the  conjoined 
tendon  below,  and  anteriorly  by  fibres  of  the  transversalis  and  internal 
oblique  muscles  above,  and  the  aponeurosis  of  the  external  oblique 
muscle  below ; while  its  floor  is  formed  by  the  curving  backwards  of 
Poupart’s  ligament,  and  its  roof  by  the  apposition  of  the  layers  of 
the  abdominal  wall  and  the  arched  fibres  of  the  internal  oblique 
muscle. 

As  it  enters  the  inguinal  canal,  the  cord  receives  a covering  from 
the  infundibuliform  fascia,  a thin  layer  continuous  with  the  fascia 
transversalis,  and  prolonged  down  from  the  margin  of  the  deep  abdo- 
minal ring  ; within  the  canal  it  receives  a covering  from  the  cremaster 
muscle  and  its  layer  of  fascia ; and  as  it  emerges  from  the  canal 
there  is  added,  superficially  to  this,  the  intercolumnar  fascia  prolonged 
from  the  margin  of  the  superficial  abdominal  ring. 

fi-HE  scrotum. — The  scrotum  forms  a purse-like  investment  for  the 
testes  and  part  of  the  spermatic  cords.  Its  condition  is  liable  to 
some  variations  according  to  the  state  of  the  health  and  other  cir- 
cumstances : thus  it  is  short  and  corrugated  in  robust  persons  and 
under  the  effects  of  cold,  but  becomes  loose  and  pendulous  in  persons 
ot  weak  constitution,  and  under  the  relaxing  influence  of  heat.  A 
superficial  division  into  two  lateral  halves  is  marked  by  a slight  median 
ridge,  named  the  raphe,  extending  forwards  to  the  under  side  of  the 
penis,  and  backwards  along  the  perinaeum  to  the  margin  of  the  anus. 

I he  coverings  ot  the  cord  and  testis  in  the  scrotum  may  be  enume- 
rated from  without  inwards  as  follows,  viz.,  the  shin,  superficial  fascia 
and  dart  os  tissue , the  inter  columnar  fascia,  the  cremaster  muscle  and 
fascia,  and  the  infunchbuliform fascia,  which  is  united  to  the  cord  by  a 
aj  ci  of  loose  areolar  tissue  ; lastly,  the  special  serous  membrane  of 
tiie  testicle,  named  the  tunica  vaginalis,  which  forms  a close  sac,  of 
wnc  i one  pait  lines  the  scrotum  and  the  other  closely  envelopes  the 


thmi  Lo!  Sikln  °f,the  scrotum  18  veiT  thin,  and  is  of  a darker  colour 
moieo  S'enfrally  thrown  into  rugae  or  folds,  which  are 

ItTfririi  L n!ffc  aiCOrdlDg  t0  the  circumstances  already  mentioned, 
peculiar ^dou r Sfaceous  fcdlicles>  fcb.e  secretion  from  which  has  a 

flattened  hair^’ h VVS  pOV®r.ed  over  Wlfch  thinly  scattered  crisp  and 

be  t rdelt,thi'ou^h the  skin 

readilv  distirumisWl  .Tde:  superficial  blood-vessels  are  also 

iCcmii}  distinguished  through  this  thin  integument. 

thin  1™ ™ oft Ls  the  of  the  6cvotum  there  is  f0™d  a 

tractility  and  nnmpd  tl  ^^^'brown  tissue,  endowed  with  cori- 

This  ^cutaneous  layer  is 
side  of  the  thio-li«  w*  ai  •tdscia.°l  the  groin,  pennmum,  and  inner 
free  from  fat  ^Tho  1 c ssumes  a different  structure,  and  is  entirely 
free  fiom  fat.  Ihe  dartoid  tissue  is  more  abundant  on  the  fore  part 
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of  the  scrotum  than  behind,  and,  moreover,  it  forms  two  distinct  sacs 
which  contain  the  corresponding  testes,  and  are  united  together  along 
the  middle  line  so  as  to  establish  a median  partition  between  the  two 
glancis  named  the  septum  scroti,  which  is  adherent  below  to  the  deep 
sun  ace  of  the  raphe,  and  reaches  upwards  to  the  root  of  the  penis. 
The  dartos  is  very  vascular,  and,  as  was  first  shown  by  Kdlliker 
owes  its  contractile  properties  to  the  presence  of  a considerable  amount 
o unstuped  muscular  tissue.  Its  contractility  is  slow  in  its  action; 
it  is  excited  by  the  application  of  cold  and  of  mechanical  stimuli,  but, 
apparently,  not  by  electricity.  By  its  general  contraction  the  skin  of 
the  scrotum  is  drawn  together  and  more  or  less  corrugated. 

o.  The  intercoluinnar  or  spermatic  fascia,  a very  thin  and  trans- 
parent  but  relatively  firm  layer,  derived  from  the  tendon  of  the  external 
oblique  muscle  of  the  abdomen,  is  attached  above  to  the  margins  of  the 
external  ring,  and  is  prolonged  downwards  upon  the  cord  and  testicle. 
It  lies  at  first  beneath  the  superficial  fascia,  and  lower  down  beneath 
the  daitos,  and  it  is  intimately  connected  with  the  layer  next  men- 
tioned. J 


4.  The  cremasteric  layer  is  composed  of  scattered  bundles  of  striped 

muscular  fibres,  connected  together  into  a continuous  covering  by  inter- 
mediate areolar  membrane.  The  red  muscular  portion,  which  is  con- 
tinuous with  the  lower  border  of  the  internal  oblique  muscle  of  the 
abdomen,  constitutes  the  cremaster  muscle,  and  the  entire  covering  is 
named  the  cremasteric  fascia.  By  the  action  of  the  cremaster  the  cord 

is  shortened  and  the  testicle  is  raised  towards  the  body. 

5.  The  infundibuliform  fascia,  continuous  above  with  the  fascia 
transversalis  and  the  subperitoneal  areolar  membrane,  and  situated 
immediately  beneath  the  cremasteric  fascia,  invests  the  cord  com- 
pletely, and  is  connected  below  with  the  posterior  part  of  the  testicle 
and  the  outer  surface  of  its  serous  tunic.  On  forcing  air  beneath  the 
infundibuliform  fascia,  a quantity  of  loose  and  delicate  areolar  tissue 
is  seen  to  connect  its  deep  surface  with  the  vas  deferens  and  spermatic 
blood-vessels,  and  to  form  lamellae  between  them.  This  areolar  tissue 
is  continuous  above  with  the  subserous  areolar  tissue  found  beneath  the 
peritoneum  on  the  anterior  wall  of  the  abdomen  ; below,  it  is  lost  upon 
the  back  of  the  testicle.  Together  with  the  infundibuliform  fascia,  it 
forms  the  fascia  'propria  of  A.  Cooper. 

Lying  amongst  this  loose  areolar  tissue,  in  front  of  the  upper  end  of 
the  cord,  there  is  often  seen  a fibro-areolar  band,  which  is  connected 
above  with  the  pouch  of  peritoneum  found  opposite  the  upper  end  of 
the  inguinal  canal,  and  which  passes  downwards  for  a longer  or  shorter 
distance  along  the  spermatic  cord.  Occasionally  it  may  be  followed  as 
a fine  cord,  as  far  as  the  upper  end  of  the  tunica  vaginalis  ; sometimes 
no  trace  of  it  can  be  detected.  It  is  the  vestige  of  a tubular  process  of 
the  peritoneum,  which  in  the  foetus  connects  the  tunica  vaginalis  with 
the  general  peritoneal  membrane.  The  testicle  is  placed  within  the 
abdomen  during  the  greater  part  of  foetal  life  ; but  at  a period  con- 
siderably prior  to  its  escape  from  the  abdominal  cavity,  a pouch  of 
peritoneum  already  extends  down  into  the  scrotum.  Into  this  pouch,  or 
processus  vaginalis  peritonce.i,  the  testicle  projects  from  behind,  sup- 
ported by  a duplicature  of  the  serous  membrane,  named  the  mesor- 
chium.  Sooner  or  later  after  the  gland  has  descended  into  the  scrotum, 
the  upper  part  or  neck  of  this  pouch  becomes  contracted  and  finally 
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obliterated,  from  the  internal  abdominal  ring  down  nearly  to  the 
testicle,  leaving  no  trace  but  the  indistinct  fibrous  cord  already  de- 
scribed, while  the  lower  part  remains  as  a closed  serous  sac  surrounding 
the  testicle,  and  which  is  thence  named  the  tunica  vaginalis. 

In  the  female  foetus  an  analogous  pouch  of  peritoneum  descends  for 
a short  distance  along  the  round  ligament  of  the  uterus,  and  has 
received  the  appellation  of  the  canal  of  Nude.  Of  this  traces  may 
almost  always  be  seen  in  the  adult. 


Varieties. — The  neck  of  the  processus  vaginalis  sometimes  becomes  closed  at 
intervals  only,  leaving  a series  of  sacculi  along  the  front  of  the  cord  ; or  a long 
pouch  may  continue  open  at  the  upper  end,  leading  from  the  abdominal  cavity  into 
the  inguinal  canal.  In  other  instances,  the  peritoneal  process  remains  altogether 
pervious,  and  the  cavity  of  the  tunica  vaginalis  is  thus  made  continuous  with 
that  of  the  peritoneum.  In  such  a case  of  congenital  defect,  a portion  of 
intestine  or  omentum  may  descend  from  the  abdomen  into  the  inguinal  canal 
and  scrotum,  and  constitute  what  is  named  a congenital  hernia.  Lastly,  one 
or  both  testes  may  remain  permanently  within  the  abdomen,  or  their  descent  may 
be  delayed  till  after  puberty,  when  it  may  occasion  serious  disturbance.  Retention 
of  the  testes  in  the  abdomen  (cryptorchismus)  is,  in  many  instances,  the  accom- 
paniment of  arrested  development  of  the  glandular  structure  ; it  is,  however,  a 
peculiarity  which  may  be  present  without  impotence. 

In  a few  mammals,  as  the  elephant,  the  testes  remain  permanently  within  the 
abdomen  ; in  a much  larger  number,  as  the  rodentia,  they  only  descend  at  each 
period  of  rut.  The  com- 
plete closure  of  the  tunica  gj- 

vaginalis  is  peculiar  to  man, 
and  may  be  considered  as 
•connected  with  his  adapta- 
tion to  the  erect  posture. 


Eig.  317. — The  Left  Tunica 
Vaginalis  opened,  show- 
ing the  Testis,  Epididy- 
mis, &C.,  FROM  THE  OUTER 
SIDE.  (A.  T.) 

p,  p,  the  cut  edges  of  the 
parietal  tunica  vaginalis  drawn 
aside  laterally,  as  well  as  above 
and  below  ; t,  the  body  of  the 
"testicle ; e,  the  globus  major 
of  the  epididymis  ; e',  the 
globus  minor,  near  which,  /,  a 
fold  of  the  tunica  vaginalis  (or 
ligament)  passes  from  the 
body  of  the  testis  to  the  side  ; 
in  the  upper  part  of  the  figure 
•the  tunica  vaginalis  has  been 
slightly  dissected  off  at  the 
place  of  its  reflection  on  the 
cord  to  show  v d,  the  vas 
deferens,  and  <7,  the  organ  of 
Giraldes  ; G,  the  three  small 
nodules  of  this  organ  enlarged 
about  ten  times,  and  showing 
the  remains  of  tubular  struc- 
ture within  them ; h,  hydatid 
•of  Morgagni. 


The  tunica  vaginalis. — This  tunic  forms  a shut  sac,  of  which  the 
•opposite  fiee  surfaces  are  m contact  with  each  other.  Like  the  serous 
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membranes  in  general,  of  which  it  presents  one  of  the  simplest  forms 
it  may  be  described  as  consisting  of  a visceral  and  a parietal  portion! 
The  visceral  portion,  tunica  vaginalis  testis,  closely  invests  the  greater 
part  of  the  body  of  the  testis,  as  well  as  the  epididymis,  between  which 
parts  it  is  depressed  in  the  form  of  a pouch  (digital  fossa),  and  lines 
their  contiguous  surfaces,  and  it  adheres  intimately  to  the  proper  fibrous 
tunic  of  the  gland.  Along  the  posterior  border  of  the  gland,  where  the 
vessels  and  ducts  enter  or  pass  out,  the  serous  coat,  having  been  re- 
flected, is  wanting.  This  portion  of  the  serous  covering  frequently  pre- 
sents villous  prolongations  on  the  borders  of  the  epididymis  and  upper 
end  of  the  testis ; these  processes,  sometimes  of  considerable  length,  are 
covered  in  some  places  with  cylindrical,  in  others  with  layers^of'flat 
epithelium  (Luschka,  in  Virchow’s  Archiv,  Vol.  VI.,  p.  321,  and  La 
Valette  St  George,  in  Strieker’s  Handbuch,  p.  523). 

_ The  parietal  or  scrotal  portion  of  the  tunica  vaginalis  is  more  exten- 
sive than  that  whichcovers  the  body  of  the  testis  ; it  reaches  upwards, 
sometimes  for  a considerable  distance,  upon  the  spermatic  cord,  extend- 
ing somewhat  higher  on  the  inner  than  on  the  outer  side.  It  also 
reaches  downwards  below  the  testicle,  which,  therefore,  appears  to  be 
suspended  at  the  back  of  the  serous  sac,  when  this  latter  is  distended 
with  fluid  ; a fold,  or  so-called  ligament,  being  left  projecting  at  the 
lower  end  of  the  epididymis. 

Vessels  and  nerves  of  the  scrotum  and  spermatic  cord. 

— The  arteries  are  derived  from  several  sources.  Thus,  the  two  ex- 
ternal pudic  arteries,  branches  of  the  femoral,  reach  the  front  and  sides 
of  the  scrotum,  supplying  the  integument  and  dartos  ; the  superficial 
perineal  branch  of  the  internal  pudic  artery  is  distributed  to  the  back 
part  of  the  scrotum  ; and,  lastly,  more  deeply  seated  than  either  of  these 
is  a branch  given  from  the  epigastric  artery,  named  cremasteric,  which 
is  chiefly  distributed  to  the  cremaster  muscle,  but  also  supplies  small 
branches  to  the  other  coverings  of  the  cord,  and  by  its  ultimate  divisions 
anastomoses  with  the  other  vessels.  The  artery  of  the  vas  deferens,  a 
long  slender  vessel  derived  from  the  superior  vesical,  accompanies  the 
tube  in  its  whole  length.  The  veins,  which,  from  the  thinness  of  the 
integuments,  are  apparent  on  the  surface  of  the  scrotum,  follow  the 
course  of  the  arteries.  The  veins  of  the  cord  form  the  spermatic  or 
pampiniform  plexus  elsewhere  described.  The  lymphatics  pass  into  the 
inguinal  lymphatic  glands. 

The  nerves  also  proceed  from  various  sources.  Thus,  the  ilio- 
inguinal, a branch  of  the  lumbar  plexus  issuing  by  the  external  abdo- 
minal ring,  supplies  the  integuments  of  the  scrotum ; this  nerve  is 
joined  also  by  a filament  from  the  ilio-hypogastric  branch  of  the  same 
plexus  : sometimes  two  separate  cutaneous  nerves  come  forward  through 
the  external  ring.  The  two  superficial  perineal  branches  of  the  internal 
pudic  nerve  accompany  the  artery  of  the  same  name  and  supply  the 
inferior  and  posterior  parts  of  the  scrotum.  The  inferior  pudendal,  a 
branch  of  the  small  sciatic  nerve,  joins  with  the  perineal  nerves,  and 
with  them  is  distributed  to  the  sides  and  fore  part  of  the  scrotum. 
Lastly,  the  spermatic  branch  of  the  genito-crural  nerve  reaching  the 
spermatic  cord  at  the  internal  abdominal  ring,  passes  with  it  through 
the  inguinal  canal,  and  supplies  the  fibres  of  the  cremaster  muscle, 
besides  sending  a few  filaments  to  the  other  deep  coverings  of  the 
cord  and  testicle. 
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THE  TESTICLES. 

The  testes,  or  principal  reproductive  glands.(SiSu/io?,  opx ir),  are  suspended 
obliquely  in  the  scrotum  by  means  of  the  cord  and  membranes  already 
described  ; they  are  usually  placed  at  unequal  heights,  that  of  the  left 
side  being  lower  than  the  other.  They  are  of  an  ovoid  form,  but  are 
slightly  compressed  laterally,  so  that  they  have  two  somewhat  flattened 
sides  or  faces,  an  upper  and  a lower  end,  an  anterior  and  a posterior 
border.  They  are  about  an  inch  and  a half  long,  an  inch  and  a quarter 
wide  from  back  to  front,  and  nearly  an  inch  thick  from  side  to  side. 
The  weight  of  each  varies  from  three-quarters  of  an  ounce  to  an  ounce, 
the  left  being  often  a little  the  larger  of  the  two. 

The  front  and  sides  of  the  testicle,  together  with  the  upper  and  the 
lower  ends,  are  free,  smooth,  and  closely  invested  by  the  tunica  vaginalis. 
The  posterior  border  is  attached  to  the  spermatic  cord,  and  it  is  here 
that  the  vessels  and  nerves  enter  or  pass  out.  When  the  testis  is  sus- 
pended in  its  usual  position,  its  upper  end  is  directed  obliquely  forwards 
and  outwards,  as  well  as  upwards,  whilst  the  lower,  which  is  rather 
smaller,  has  the  opposite  direction.  It  follows  from  this  that  the  pos- 
terior or  attached  border  is  turned  upwards  and  inwards,  and  the  outer 
flattened  face  slightly  backwards. 

Attached  to  the  posterior  border  of  the  gland,  and  resting  also  on  the 
neighbouring  portion  of  its  outer  face,  is  placed  a long  narrow  body,  the 
epididymis,  which  forms  part  of  the  excretory  apparatus  of  the  testicle, 
and  is  principally  composed  of  the  convolutions  of  a long  tortuous  canal 
or  efferent  duct,  to  be  presently  described.  Its  upper  extremity,  con- 
siderably larger  than  the  lower,  projects  forwards  on  the  upper  end  of 
the  testis,  and  is  named  the  head  or  globus  major ; the  lower,  which  is 
more  pointed,  is  termed  the  tail,  or  globus  minor  ; whilst  the  intervening 

Fig.  318. — Transverse  Section  through  the  Fi,r.  gig 

Right  Testicle  and  the  Tunica  Vaginalis  (from 

Kolliker). 

a,  connective  tissue  enveloping  the  parietal  layer  of 
the  tunica  vaginalis  ; b,  this  layer  itself  ; c,  cavity  of 
the  tunica  vaginalis  ; d,  reflected  or  visceral  layer 
adhering  to  e,  the  tunica  albuginea  ; f,  covering  of 
epididymis  (g)  on  the  right  or  outer  side  ; It,  medias- 
tinum testis  ; i,  branches  of  the  spermatic  artery  ; k, 
spermatic  vein  ; l,  vas  deferens  ; m,  small  artery  of 
the  vas  deferens  ; n,  lobules  of  the  testis  ; o,  septa  or 
processes  from  the  mediastinum  to  the  surface. 

portion  is  named  the  body.  The  convex 
surface  of  the  epididymis  and  the  thin  an- 
terior border  are  free,  and  covered  by  the 

tunica  vaginalis.  The  concave  surface,  or  that  directed  towards  the 
testis,  except  at  the  upper  and  lower  ends,  is  also  free,  and  invested  by  the 
same  tumc,  which  here  forms  the  digital  pouch  between  the  epididymis 
anc  the  outer  face  of  the  testicle,  and  nearly  surrounds  the  epididy- 
mis, except  along  its  posterior  border,  which  is  united  to  the  gland  by 
a up  mature  of  the  serous  membrane,  containing  numerous  blood- 
vessels. At  its  upper  and  lower  extremity,  the  epididymis  is  attached 
to  tie  testicle. by  fibrous  tissue  and  a reflection  of  the  tunica  vaginalis, 
the  globus  major  also  by  the  efferent  ducts  of  the  testicle. 
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At  the  back  of  the  testis  and  epididymis,  beneath  the  fascia  propria, 
there  is  found,  opposite  the  lower  two-thirds  of  the  testis,  a consider- 
able amount  of  unstriped  muscular  tissue,  the  inner  muscular  tunic  of 
Kolliker. 

Situated  on  the  front  of  the  globus  major,  somewhat  to  the  outer  side, 
there  is  usually  found  one  or  more  small  pedunculated  bodies  formed  by 
an  extension  of  the  tunica  vaginalis  and  containing  connective  tissue  and 
blood-vessels.  These  are  the  hydatids  of  Morgagni.  One  of  them  of  a 
more  regularly  pyriform  shape  and  more  constant  than  the  rest,  lies 
closely  between  the  head  of  the  epididymis  and  the  testicle,  and  is 
regarded  as  the  remains  of  the  foetal  structure  termed  Muller’s  duct. 

The  testis  is  enclosed  in  a strong  capsule,  the  tunica  albuginea. 
This  is  a dense  unyielding  fibrous  membrane,  of  a white  colour,  and 
of  considerable  thickness,  which  immediately  invests  the  soft  substance  of 
the  testicle,  and  preserves  the  form  of  the  gland.  It  is  composed  of 
bundles  of  fibrous  tissue,  which  interlace  in  every  direction.  The  sur- 
face is  covered  by  the  tunica  vaginalis,  except  along  the  posterior 
border  of  the  testicle,  where  the  spermatic  vessels  pass  through  and 
the  two  extremities  of  the  epididymis  are  attached. 

In  the  interior,  the  fibrous  tissue  of  the  tunica  albuginea  is  pro- 
longed from  the  posterior  border,  for  a few  lines  into  the  substance 
of  the  gland,  so  as  to  form  within  it  an  incomplete  vertical  sep- 
tum, known  as  the  corpus  Highmorianum , and  named  by  Astley 
Cooper  mediastinum  testis.  It  extends  from  the  upper  nearly  to 
the  lower  end  of  the  gland,  and  it  is  wider  above  than  below.  The  firm 
tissue  of  which  it  is  composed  is  traversed  by  a network  of  seminal 
ducts,  and  by  the  larger  blood-vessels  of  the  gland,  which  are  lodged  in 
channels  formed  in  the  fibrous  tissue. 

From  the  front  and  sides  of  the  corpus  Highmorianum  numerous 
slender  fibrous  cords  and  imperfect  septa  of  connective  tissue  are  given 
off  in  radiating  directions,  and  are  attached  by  their  outer  ends  to  the 
internal  surface  of  the  tunica  albuginea  at  different  points,  so  as  to  assist 
in  maintaining  the  general  shape  of  the  testicle,  and  enclose  the  several 


Pig.  319.  Fig.  319.  —Plan  of  a Vertical  Section  of  the  Testicle, 

SHOWING  THE  ARRANGEMENT  OF  THE  PlJCTS. 

Tlie  true  length  and  diameter  of  the  ducts  have  been  dis- 
regarded. a,  a,  tubuli  seminiferi  coiled  up  in  the  separate 
lobes  ; b,  vasa  recta  ; c,  rete  vasculosum  ; d,  vasa  efferentia 
ending  in  the  coni  vasculosi ; l,  c,  g,  convoluted  canal  of  the 
epididymis  ; h,  vas  deferens  ; f,  section  of  the  back  part  of 
the  tunica  albuginea  ; i,  i,  fibrous  processes  running  between 
the  lobes  ; / to  s,  mediastinum. 

lobes  into  which  the  substance  of  the  gland  is 
divided.  According  to  Kolliker  plain  muscular 
fibres  are  prolonged  upon  these  septula  from 
behind.  The  whole  internal  surface  of  the 
tunica  albuginea  is  covered  by  a multitude  ol 
fine  blood-vessels,  which  are  branches  of  the 
spermatic  artery  and  veins,  and  are  held  together 
by  a delicate  areolar  web.  Similar  delicate  ra- 
mifications of  vessels  are  seen  on  the  various  fibrous  offsets  of  the 
mediastinum,  upon  which  the  blood-vessels  are  thus  supported  in  the 
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interior  of  the  gland.  This  vascular  network,  together  with  its  con- 
necting areolar  tissue,  constitutes  the  tunica  vasculosa  of  Astley  Cooper. 

Minute  structure. — Seminal  tubes. — The  proper  glandular  sub- 
stance of  the  testicle  is  a soft  but  consistent  mass  of  a reddish-yellow 
colour,  which  is  divided  into  numerous  small  lobes  of  conical  form,  with 
the  larger  ends  turned  towards  the  surface  of  the  testicle,  and  the  smaller 
• towards  the  mediastinum.  The  number  of  these  lodes  (lobuli  testis) 
has  been  estimated  at  250  by  Berres,  and  at  upwards  of  400  by 
Krause.  They  differ  in  size  according  to  their  position,  those  which 
occupy  the  middle  of  the  gland  and  reach  its  anterior  border  beino- 
longer  and  larger  than  the  rest.  They  consist  almost  entirely  of  small 
convoluted  tubes,  named  tubuli  seminiferi,  in  the  interior  of  which 
the  seminal  product  is  secreted.  Each  lobe  contains  one,  two,  three, 
or  even  more  of  these  convoluted  tubules,  the  coils  of  which’ 
being  only  loosely  held  together,  may  be  more  or  less  successfully 
unravelled  by  careful  dissection  under  water.  Lauth  estimates  their 
mean  number  to  be  840,  and  the  average  length  of  each  two  feet  and  a 
quarter.  Their  diameter,  which  is  uniform  throughout  their  whole 
course,  is  from  a-^th  to  -j-^th  of  an  inch.  They  present  two  kinds  of 
convolutions,  each  tube  having  a fine  and  regular  undulation,  which 
gives  a granular  appearance  to  the  whole  mass,  and  this  undulating  tube 
bemg  again  thrown  into  complicated  folds,  which  are  compressed  so 
as  to  be.  elongated  in  the  direction  of  the  lobule.  The  lobules  are 
never  quite  distinct,  for  here  and  there  tubules  are  always  to  be  found 
passing  from  one  to  another;  and  it  sometimes  happens  that  lobules 
which  are  divided  by  a distinct  plane  of  contact  at  one  part,  are 
intimately  connected  at  another;  so  that  the  division  of  the  mass  into 
lobules  varies  greatly  m its  extent,  and  hence  the  different  estimates  of 
the  number  of  the  lobules  by  different  anatomists.  The  Avails  of  the 
tubuli  seminiferi  are  composed  of  a basement  membrane  consisting  of 
of  flattened  cells  (Mihalkovics).  The  walls  of  the  tubes 
f e ®ufficienfcly  strong  to  bear  the  forcible  injection  of  mercury,  Avhich 
as  been  commonly  employed  for  their  investigation  and  their  display  in 
preserved  specimens.  ^ J 

J?he  mode  111  which  the  tubes  commence  appears  to  be  twofold— viz 

the  l0bules’  bufcmo*e  frequently 
the^t  arCheB  °1'  °-0ps-  ,After  an  exceedingly  tortuous  course, 

Stlv  g h’  approaching  the  corpus  Highmori,  become  at  first 

tobge  4d  thmStfind  thf“  ue?rir.strajgp-  The  separate  tubuli  of  each 
tubes  Whirl  °f  adjoining  lobes,  unite  together  into  larger 

placet]  omnn  ^ dbrous  tlsslle  of  the  mediastinum  and,  being 

branClKS  °f  th°  Uood">  the  straight 

conten™rhichChfHi7"J-!le  int™.or  of  tllc  tubes  is  occupied  by  cellular 
•of  an  epithelial  linino-^i  S^^ect’  assurne  somewhat  the  appearance 
fused  STTc^I^11 If  thG  m the  whole  tubc  a con- 

in  radii  from  the  circnmfC-Ule  lastaiaces>  however,  the  cells  are  ranged 
is  left  in  the  interior  Thi-nmn^  ^ th°  cen,tre’  and  a PassaSe  or  lamen 

of  advance  towards  the  formation  IfT8  the  CelJs  arejn  various  staSes 
formed  spermatic  filompnfo  l • 10n  ie  semmal  product,  some  fully 

circumfere^M^ei^^st^develope^611  “ the  CentrC’  and  the  °e,,s  °f  th'c 

tol,  assci  ted  b)  some  observers  that  the  spermatic  cells  are 
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not  free,  but  arc  embedded  in  a sort  of  protoplasmic  trabecular  net- 
work within  which  they  arc  formed.  This  was  first  stated  by  Sertoli, 
in  18G4,  and  more  recently  a detailed  description  of  such  a delicate 
trabecular  structure  has  been  given  by  Merkel,  whose  views  are  sup- 
ported by  several  other  observers.  (Merkel,  in  Du  Bois-lteymond’s 
Archiv,  1869  and  1871,  andLaValette  St.  George,  in  Schultze’s  Archiv, 
vol.  i.)  On  the  other  hand  it  is  asserted  as  the  result  of  renewed  ob- 
servations that  the  alleged  framework  is  the  product  of  artificial  pro- 
cesses. (Mihalkovics,  in  Ludwig’s  Arbeiten,  1874.)  It  seems  most 
probable,  therefore,  that  the  seminal  or  spermatic  cells  are  produced  as 
in  other  tubular  glands  by  development  from  the  layer  of  cells  lying 
originally  on  the  inside  of  the  basement  membrane  of  the  tubes.  (Kol- 
liker’s  Handbuch,  1867,  p.  526.) 

The  intervals  between  the  glandular  tubes  are  occupied  by  blood- 
vessels, lymphatics  and  nerves,  embedded  iu  a peculiar  tissue  of  a 
rather  undefined  character,  but  presenting  a large  quantity  of  the 
nuclear  and  molecular  elements,  so  that  Henle  compares  it  to  the 
cortical  substance  of  the  brain,  or  the  contents  of  ganglionic  cells.  In 
this  substance  there  are  large  interstitial  spaces  lined  with  flat  nuclear 
epithelium,  in  which  Ludwig  and  Tomsa  have  shown  that  the  lym- 
phatics of  the  testicle  commence.  (Wien.  Sitzungsbericht,  vol.  xliv. 

p.  221,  1862.) 

The  vasa  recta  pursue  a comparatively  straight  course  ; they  are 
upwards  of  twenty  in  number,  and  are  from  ^5th  to  T\j-th  of  an  inch  in 
diameter.  They  pass  upwards  and  backwards  through  the  fibrous  tissue, 
as  already  stated,  and  end  in  a close  network  of  tubes,  named  by  Haller 
the  rete  vasculosum  testis,  which  lies  in  the  substance  of  the  corpus 
Highmori,  along  the  back  phrt  of  the  testicle,  but  in  front  of  the  pri- 
mary subdivisions  of  the  spermatic  blood-vessels  before  these  enter  the 
gland.  The  tubes  composing  the  rete  have  very  thin  walls.  According  to 
Kolliker,  indeed,  they  have  none  proper  to  them,  but  are  mere  channels  in 


Fig.  320. — Ducts  of  the  Testicle  injected  with  Mercukt 
(from  Haller). 

a,  body  of  tlie  testicle  ; b,  tubuli  in  tlie  interior  of  the  gland  ; 
c,  rete  vasculosum  ; d,  vasa  efferentia  terminating  in  the  coni 
vasculosi ; e,  f,  g,  convoluted  canal  of  the  epididymis  ; h,  vas 
deferens  ascending  from  the  globus  minor  of  the  epididymis. 

the  fibrous  stroma,  lined  with  squamous  epithelium. 
According  to  Henle  the  epithelium  of  the  tubes 
in  the  rete  testis  already  begins  to  assume  the 
columnar  character  which  it  possesses  in  the  after 
parts  of  the  ducts.  They  conduct  the  secretion  to 
the  upper  end  of  the  testis,  where  they  open  into 
the  vasa  efferentia. 

The  vasa  efferentia  are  from  twelve  to  fifteen, 
or  sometimes  twenty  in  number  ; they  perforate  the 
tunica  albuginea  beneath  the  globus  major  of 
the  epididymis,  of  which  they  may  be  said  to.  form 
a part,  and  in  the  convoluted  canal  of  which  they  ultimately  terminate. 
On  emerging  from  the  testis,  these  vasa  efferentia  are  straight,  but, 
becoming  more  and  more  convoluted  as  they  proceed  towards  the 
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epididymis,  they  form  a series  of  small  conical  masses,  the  bases  of 
which  are  turned  in  the  same  direction,  and  which  are  named  coni 
vcisculosi.  They  are  about  ^th  of  an  inch  in  diameter.  Their  walls 
contain,  besides  fibrous  tissue,  longitudinal  and  transverse  plain 
muscular  fibres.  The  largest  of  the  cones  is  about  eight  lines  lono- 
and  when  unrolled,  each  is  found  to  consist  of  a single  coiled  duct 
varying  from  six  to  eight  inches  in  length,  and  the  diameter  of  which 
gradually  decreases  from  the  testis  to  the  epididymis  (Huschke) 
Opposite  the  globus  major  these  separate  efferent  vessels  open  at 
intervals  which,  in  the  unravelled  tube,  are  found  to  be  about  three 
inches  in  length,  into  a single  canal  or  duct,  the  intervening  and 
subsequent  convolutions  of  which  constitute  the  epididymis  itself? 

The  canal  of  the  epididymis  is  disposed  in  very  numerous  coiis,  and 
extends  from  the  globus  major  downwards  to  the  globus  minor  or  tail 
where,  turning  upwards,  it  is  continued  on  as  the  vets  deferens.  When 
its^comphcated  flexuosities  are  unrolled,  it  is  found  to  be  twentv  feet 

,yjards  !.n  lenSth-  The  smallest  windings  are  supported  anctlield' 
together  by  fine  areolar  tissue  ; but,  besides  this,  numerous  fibrous 

Pig.  321. — Injected  Testicle,  Ficr  321. 

Epididymis,  and  Vas  Deferens 
(from  Kolliker  after  Arnold). 

a,  body  of  the  testicle  ; b,  lo- 
bules ; c,  vasa  recta  ; d,  rete  vas- 
culosum  ; e,  vasa  efferentia  ; f, 
coni  vasculosi  ; g,  epididymis  ; h, 
vas  deferens  ; i,  vas  aberrans  ; m, 
branches  of  the  spermatic  artery 
passing  to  the  testicle  and  epidi- 
dymis ; n,  ramification  in  the 
testis;  0,  deferential  artery;  p, 
its  union  with  a twig  of  the  sper- 
matie  artery. 

partitions  are  interposed 
between  larger  masses  of 
the  coils,  which  have  been 
named  the  lobes  of  the 
epididymis,  the  general 
direction  of  which  is  across 
that  body.  The  canal  of 
the  epididymis  is,  at  its 
commencement,  about  yyth 
or  an  inch  in  diameter,  but 
diminishing  as  it  proceeds 
towards  the  globus  minor, 

incl?  fb°Ut  V&th.  of  an  ^ 

convoluted  ln  Eizc-  :m'1  becomes  less  deeply 

first  very  thin 

jL  he  vasa  efferentia  or,ri  n at  * ~ ^less. 
other  portions  of  the  ducts  ofthp^  Gpidid-vmis  dl’ffcr  from  the 

provided  with  a considerable  esfcl®  possession  of  thicker  walls, 
epithelial  lining  cells  are  column^  ^ °f  P am. muscular  fibres.  The 
In  the  epididymis  the  cells  are  m-0lfiPnimafclC  m Porm  and  are  ciliated. 

they  are  shorter  ; in  the  lower  nS^f  fl  e on?afcf1’  ln  ™sa  efferentia 

°wei  Pait  of  the  epididymis  the  cilia  disappear 

u 0 2 
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(0.  Becker,  185G,  corroborated  in  the  human  subject  by  Kiilliker). 
The  ciliary  movement  is  stated  by  Becker  to  be  in  an  outward  direction 
in  the  ducts. 


VAS  DEFERENS. 


The  vas  deferens,  or  excretory  duct  of  the  testis,  is  a hard  nearly 
cylindrical  tube,  which  forms  the  continuation  upwards  of  the  convoluted 
canal  of  the  epididymis.  It  commences  at  the  lower  end  of  the  epi- 
didymis, and,  at  first  rather  tortuous  but  afterwards  becoming  straight, 
it  ascends  upon  the  inner  side  of  the  epididymis,  and  along  the  back  of 
the  testicle,  separated  from  both,  however,  by  the  blood-vessels  passing 
to  and  from  the  gland.  Continuing,  then,  to  ascend  in  the  spermatic 
cord,  the  vas  deferens  accompanies  the  spermatic  artery,  veins  and 
nerves,  as  far  as  the  internal  abdominal  ring.  Between  the  testicle  and 
the  external  ring  its  course  is  nearly  vertical : it  lies  behind  the  sper- 
matic vessels,  and  is  readily  distinguished  by  its  hard  cord-like  feel.  It 
then  passes  obliquely  upwards  and  outwards  along  the  inguinal  canal, 
and  reaching  the  inner  border  of  the  internal  abdominal  ring,  it  leaves 
the  spermatic  vessels  (which  extend  to  the  lumbar  region),  and  turns 
suddenly  downwards  and  inwards  into  the  pelvis,  crossing  over  the  ex- 
ternal iliac  vessels,  and  turning  round  the  outer  or  iliac  side  of  the  epi- 
gastric artery.  Running  beneath  the  peritoneum,  it  reaches  the  side  of 
the  bladder,  upon  which  it  descends,  curving  backwards  and  downwards 
to  the  under  surface  of  that  viscus,  and  finally  passes  forwards  to  the 
base  of  the  prostate  gland.  In  its  course  within  the  pelvis,  it  crosses 
over  the  cord  of  the  obliterated  hypogastric  artery,  and  lies  to  the  inner 
side  of  the  ureter.  Beyond  this  point,  where  it  ceases  to  be  covered  by 
the  peritoneum,  it  is  attached  to  the  coats  of  the  bladder,  in  contact 
with  the  rectum,  and  gradually  approaching  its  fellow  of  the  opposite 
side.  Upon  the  base  of  the  bladder,  the  vasa  deferentia  are  situ- 
ated between  two  elongated  receptacles,  named  the  seminal  vesicles ; 
and,  close  to  the  base  of  the  prostate,  each  vas  deferens  ends  by  joining 
with  the  duct  from  the  corresponding  seminal  vesicle  on  its  outer  side 
to  form  one  of  the  common  seminal  or  ejaculatory  ducts. 

The  vas  deferens  measures  nearly  two  feet  in  length.  In  the  greater 
part  of  its  extent  it  is  cylindrical  or  slightly  compressed,  and  has  an 
average  diameter  of  about  one-tenth  of  an  inch  ; but  towards  its  termina- 
tion, beneath  the  bladder,  it  becomes  enlarged  and  sacculated,  forming 
the  ampulla  of  Henle,  and  resembling  in  shape  and  structure  a part  or 
the  seminal  vesicle.  Previously  to  its  junction  with  the  duct  of  that 
vesicle,  it  again  becomes  narrowed  into  a smaller  and  straight  cylindrical 
canal.  The  walls  of  the  vas  deferens  are  very  dense  and  strong,  and  feel 
hard  to  the  touch,  owing  to  the  large  proportion  their  thickness  beais  to 
the  inner  cavity  of  the  tube,  which  is  scarcely  more  than  one-sixth  o 
the  whole  diameter.  In  the  sacculated  portion  the  passage  is  much 
wider,  and  the  walls  are  thinner  in  proportion.  Small  _ simple  an 
branched  tubular  glands,  similar  to  those  of  the  vesicuke  semmalcs,  bcsc 
the  mucous  membrane  of  this  portion  of  the  duct  (Henle).  _ 

Besides  an  external  areolar  investment,  and  an  internal  lining  mem- 
brane, the  vas  deferens  is  provided  with  an  intermediate  thick  tunic, 
which  is  dense  in  structure,  somewhat  elastic,  and  of  a deep  " 

colour.  This  coat  consists  principally  of  longitudinal  muscular  hi., 
mixed  with  some  circular  ones.  Huschke  describes  two  longilu 
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layers  with  intermediate  circular  fibres.  The  external  and  middle 
layers  are  thick  and  strong  ; but  the  internal  longitudinal  stratum  is 
extremely  thin,  constituting  not  more  than  |th  of  the  muscular  coat. 
The  vasa  deferentia  of  the  dog,  cat,  and  rabbit  were  found  by  E.  Weber 
to  exhibit  lively  peristaltic  contractions  when  stimulated  by  means  of 
electricity. 

The  surface  of  the  lining  membrane  is  pale  ; it  is  thrown  into  three 
or  four  fine  longitudinal  ridges,  and,  besides  this,  in  the  sacculated  por- 
tion of  the  duct,  is  marked  by  numerous  finer  rugae  which  enclose 
irregular  polyhedral  spaces,  resembling  in  this  alveolar  character  the 
lining  membrane  of  the  vesiculae  seminales.  The  epithelium  is  of 
the  columnar  kind,  and  not  ciliated. 

Vas  aberrans. — This  name  was  applied  by  Haller  to  a long  narrow 
tube,  or  diverticulum,  discovered  by  him,  and  almost  invariably  met 
with,  which  leads  off  from  the  lower  part  of  the  canal  of  the  epididymis, 
or  from  the  commencement  of  the  vas  deferens,  and,  becoming  tortuous 
and  convoluted,  is  rolled  up  into  an  elongated  mass  which  extends  upwards 
for  an  inch  or  more  amongst  the  vessels  of  the  spermatic  cord,  where 
the  tube  ends  by  a closed  extremity.  Its  length,  when  it  is  unravelled, 
langes  from  about  two  to  twelve  or  fourteen  inches  ; and  its  width  in- 
creases towards  its  blind  extremity.  Sometimes  this  diverticulum  is 
branched,  and  occasionally  there  are  two  or  more  such  aberrant  ducts. 
Its  structure  appears  to  be  similar  to  that  of  the  vas  deferens.  Its 
origin  is  probably  connected  with  the  Wolffian  body  of  the  foetus,  but 
the  exact  mode  of  its  formation  and  its  office  are  unknown.  Luschka 
states  that  occasionally  it  does  not  communicate  with  the  canal  of  the 
epididymis,  but  appears  to  be  a simple  serous  cyst. 

Organ  of  Giraldes.— The  small  body  thus  named  is  situated  in  the 
front  of  the  cord  immediately  above  the  caput  epididymis  (see  Fig.  317, 
g).  It  consists  usually  of  several  small  irregular  masses  containing  con- 
voluted tubules  lined  with  squamous  epithelium,  and  is  scarcely  to  be 
recognised  until  the  surrounding  connective  tissue  has  been  rendered 
transparent  by  re-agents.  It  has  also  received  the  name  of  parepididymis. 
Its  tubules  appear  to  be  vestiges  of  the  glomerular  part  of  the  Wolffian 
body.  (Giraldes,  m Bulletin  de  la  Soc.  Anat.  de  Paris,  1857,  and  in 
Journal  de  la  Physiologie,  1861,  also  in  Proceed.  Boy.  Soc.  vol.  ix., 

p.  jioL . ) 


the  seminal  vesicles  and  ejaculatory  ducts. 

semi,nales  are  two  membranous  receptacles,  situated, 
When  U?,°n  t base  of  the  bladder,  between  it  and  the  rectum. 

whTfl=^  ^ f0\m  two  long-shaped  sacculated  bodies,  some- 
attached  nnrl  r°n  1 16  Slbe1  n.ex^  tbe  bladder,  to  which  they  are  firmly 
hind  and  01!  ^ m1?  in^er^or  surface  ; they  are  widened  be- 

tvo^,Th™  length  is  usually  about  two  inches, 

sTze  and  shanf  b 8 ffeadtl;  four  to  six  line*  5 but  they  vary  both  in 
same  subject  1 Grcnt  mdlvlduals,  and  also  on  opposite  sides  of  the 

other e^but°^ntpvLi^^+v,e  exl:remities  are  separated  widely  from  each 

deferentia  which  vJ  f1Gy  c°nverSe  so  as  to  approach  the  two  vasa 
delerentia,  which  run  forwards  to  the  prostate  between  them.  With 
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thevasa  deferentia  thus  interposed,  they  occupy  the  two  diverging  sides 
or  the  triangular  portion  of  the  base  of  the  bladder,  which  lies  upon  the 
rectum,  and  is  bounded  behind  by  the  line  of  reflexion  of  the  recto- 
vesical fold  of  the  peritoneum.  The  seminal  vesicles  themselves  also 
rest  upon  the  rectum,  but  are  separated  from  it  by  a layer  of  the  recto- 
vesical fascia,  which  attaches  them  to  the  base  of  the  bladder. 

Fig.  322. — Dissection  of  tiie 
Rase  of  the  Bladder  and 
Prostate  Gland,  showing  the 
Yksicul.k  Seminales  and  Vasa 
Deferentia  (from  Haller). 

a',  lower  surface  of  tlie  bladder 
at  the  place  of  reflection  of  the 
peritoneum ; b,  the  part  above 
covered  by  the  peritoneum ; ?, 
left  vas  deferens,  ending  in  e, 
the  ejaculatory  duct ; s,  left 
vesicula  seminalis  joining  the 
same  duct  ; s,  s,  the  right  vas 
deferens  and  right  vesicula  semi- 
nalis, which  has  been  unravelled  ; 
p,  under  side  of  the  prostate 
gland  ; m,  part  of  the  urethra  ; 
u,  u,  the  ureters,  the  right  one 
turned  aside. 

The  sacculated  appear- 
ance of  the  vesicul®  semi- 
nales is  owing  to  their 
peculiar  formation.  Each 
consists  of  a tube  some- 
what  coiled  and  repeatedly 
doubled  on  itself,  and  firmly  held  in  that  condition  by  a dense  fibrous 
tissue.  When  unrolled,  this  tube  is  found  to  be  from  four  to  six  inches 
long,  and  about  the  width  of  a quill.  Its  posterior  extremity  is  closed, 
so  that  it  forms  a long  cul-de-sac  ; but  there  are  generally,  if  not 
always,  several  longer  or  shorter  branches  or  diverticula  connected  with 
it,  which  also  end  by  closed  extremities.  The  anterior  extremity  of 
the  tube  of  the  vesicula,  becomes  straight  and  narrowed,  and  ends 
opposite  the  base  of  the  prostate  by  uniting  on  its  inner  side,  at  an 
acute  angle,  with  the  narrow  termination  of  the  corresponding  vas 
deferens  to  form  a single  canal,  which  is  the  common  seminal  or  ejacula- 
tory duct. 

in  structure,  the  vesiculm  seminales  resemble  very  closely  the  adjoin- 
ing sacculated  portions  of  the  vasa  deferentia.  Besides  an  external 
fibro-areolar  investment,  connected  with  the  recto-vesical  fascia,  they 
have  a proper  coat,  which  is  firm,  dense,  and  somewhat  elastic,  and  con- 
sists of  rigid  white  fibres  and  of  others  of  a deep  yellowish-brown  hue. 
The  muscular  layer  of  the  walls  is  thin  compared  to  that  of  the  vas 
deferens  ; but  a considerable  amount  of  plain  muscular  tissue  is  found 
covering  the  posterior  surface  and  extending  transversely  between  the 
two  vesiculre.  There  are  also  longitudinal  muscular  fibres  traced  from 
those  of  the  bladder.  (Ellis  and  Henle.)  The  mucous  membrane  is 
pale,  or  has  a light  yellowish-brown  colour,  given  to  it  apparently  by 
the  tubular  glands  which  beset  it  in  the  same  manner  as  in  the  ampulla 
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of  the  vas  deferens.  It  is  traversed  by  very  many  fine  rugae,  which 
form  an  alveolar  structure  resembling  that  seen  in  the  gall-bladder,  but 
deeper  and  enclosing  much  finer  meshes.  The  epithelium  of  the 
vesiculae  is  of  the  short  prismatic  kind  ; its  particles  have  a granular 
character. 

The  seminal  vesicles  serve  as  receptacles  or  reservoirs  for  the  semen, 
as  is  proved  by  a microscopic  examination  of  their  contents  ; but, 
besides  this,  it  is  probable  that  they  secrete  a peculiar  fluid  which  is 
incorporated  with  the  semen. 

The  common  seminal  or  ejaculatory  ducts,  two  in  number,  are 
formed  on  each  side  by  the  junction  of  the  narrowed  extremities  of  the 
corresponding  vas  deferens  and  vesicula  seminalis,  close  to  the  base  of 
the  prostate  gland.  From  this  point  they  run  forwards  and  upwards, 
at  the  same  time  approaching  each  other,  and  then  pass  side  by  side 
through  the  prostate  between  its  middle  and  two  lateral  lobes.  After  a 
course  of  nearly  an  inch,  during  which  they  become  gradually  narrower, 
they  end  in  the  floor  of  the  prostatic  portion  of  the  urethra  by  two 
small  slit-like  orifices  placed  on  the  verumontanum,  one  on  each 
prominent  margin  of  the  opening  of  the  prostatic  sinus.  For  a short 
distance  the  ejaculatory  ducts  run  in  the  substance  of  the  walls  of  the 
vesicle. 

The  coats  of  the  common  seminal  duct,  as  compared  with  those  of  the 
vas  deferens  and  vesicula,  are  very  thin.  The  strong  outer  tunic  almost 
entirely  disappears  after  the  entrance  of  the  ducts  between  the  lobes  of 
the  prostate,  but  muscular  fibres  may  be  traced  into  the  prostatic  por- 
tion ; and  the  mucous  membrane  becomes  gradually  smoother  as  it 
passes  into  that  of  the  urethra.  According  to  Henle,  the  muscular  fibres 
of  the  duct  are  separated  by  blood-vessels  as  it  passes  through  the 
prostate  and  form  the  trabeculae  of  a layer  of  cavernous  tissue. 

lhese  ejaculatory  ducts  convey  the  fluid  contained  in  the  seminal 
vesicles  and  vasa  deferentia  into  the  urethra.  Their  canal  gradually 
narrows  as  they  approach  their  termination,  where  its  diameter  is 
reduced  to  the  fiftieth  of  an  inch. 


VESSELS  AND  NERVES  OP  THE  TESTIS. 

The  testicle  and  its.  excretory  apparatus  receive  blood-vessels  and 
nerves  fiom  sources  which  are  different  from  those  giving  the  vascular 
and  nervous  supply  of  the  coverings  of  those  parts. 

The  spermatic  artery,  or  proper  artery  of  the  testicle,  is  a slender 
and  remarkably  long  branch,  which  arises  from  the  abdominal  aorta, 
ant  passing  down  the  posterior  abdominal  wall  reaches  the  spermatic 
?q01'7  a™  descends  along  it  to  the  gland.  In  early  foetal  life  its  course 
p ucj  s !°!iei’  as  ^ ie  testis  is  then  situated  near  the  part  of  the  aorta 
• * nir'c  1 i]Ci  artei7  arises-  the  vessel  approaches  the  testicle,  it 
which  1 S"1  bSntf6S  t0  the  ePididymis>  and  then  divides  into  others 
t hmn  o-h  ' \ In1®  .the  alb?gmea  at  the  back  of  the  gland,  and  pass 

surface  nf  th^f^  ^ighmorianum  ; some  spread  out  on  the  internal 
of  the  • UU1Cf  fdbuSinea>  whilst  others  run  between  the  lobes 

The  J 1 1 iPP°r  ed  by  the  fibrous  Processes  of  the  mediastinum. 

rami^  0n  the  delica^e  membranous  septa 

ThP  v « , 1 ’ Gf0re  the  seminiferous  tubes. 

slender  brnnr-h ^ m a leceives  from  the  superior  vesical  artery  a long 
v nc  i accompanies  the  duct,  and  hence  is  named  the 
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deferent  artery,  or  artery  of  the  vas  deferens.  It  ramifies  on  the  coats 
oi  the  duct,  and  reaches  as  far  as  the  testis,  where  it  anastomoses  with 
the  spermatic  artery. 

The  spermatic  veins  commence  in  the  testis  and  epididymis,  pass 
out  at  their  posterior  border,  and  unite  into  larger  vessels,  which  freely 
communicate  with  each  other  as  they  ascend  along  the  cord,  and  form 
the  pampiniform  plexus.  Ultimately  two  or  three  veins  follow  the 
’■ourse  of  the  spermatic  artery  into  the  abdomen,  where  they  unite  into 
single  trunk,  that  of  the  right  side  opening  into  the  vena  cava,  and 
ohat  of  the  left  into  the  left  renal  vein. 

The  lymphatics  accompany  the  spermatic  vessels  and  terminate  in 
the  lumbar  lymphatic  glands,  which  encircle  the  large  blood-vessels  in 
front  of  the  vertebral  column.  According  to  Ludwig  and  Tomsa,  as 
previously  stated,  they  begin  from  intercommunicating  lymph  spaces 
which  occupy  the  intervals  between  the  tubuli  seminiferi. 

The  nerves  are  derived  from  the  sympathetic  system.  The  sper- 
matic plexus  is  a very  delicate  set  of  nervous  filaments,  which  descend 
upon  the  spermatic  artery  from  the  aortic  plexus.  Some  additional 
filaments,  which  are  very  minute,  come  from  the  hypogastric  plexus, 
and  accompany  the  artery  of  the  vas  deferens.  It  is  affirmed  by  Let- 
zerich  (Virchow’s  Archiv,  vol.  xlii.,  p.  510),  that  the  axial  filaments  of 
the  nerves  penetrate  the  external  wall  and  membrana  propria  of  the 
seminal  tubes,  and  terminate  within  in  “ shining  granular  protoplasmic 
masses.”  These  observations,  however,  have  not  been  confirmed  on 
examination  by  La  Valette  St.  George.  (Strieker’s  Handbuch,  p.  543.) 

The  vesiculae  seminales  receive  branches  from  the  inferior  vesical  and 
middle  haemorrhoidal  arteries.  The  veins  and  lymphatics  correspond. 
The  nerves  belong  to  the  sympathetic  system,  and  come  from  the 
hypogastric  plexus. 

The  Semen. — The  semen  is  a thick  whitish  fluid,  which  consists  of  a liquor 
seminis,  the  seminal  granules,  and  the  spermatic  filaments.  It  is  the  combined 
product  of  the  testes  and  the  accessory  generative  glands. 

Fig.  323.  Fig.  323. — Spermatic  Filaments  from  the  Human  Vas 

Deferens  (from  Kolliker). 

1,  magnified  350  diameters ; 2,  magnified  800  diameters  ; 
a,  from  the  side  ; b,  from  above. 

The  liquor  seminis  is  colourless,  transparent,  and  of 
an  albuminous  nature.  It  contains  floating  in  it,  besides 
squamous  and  columnar  epithelium  cells,  oil-like  globules 
and  minute  granular  matter,  seminal  granules  (Wagner), 
and  the  spermatozoa  or  spermatic  filaments. 

The  seminal  granules  are  rounded  colourless  cor- 
puscles, having  a granular  aspect.  They  have  an  average 
diameter  of  about  ^T-th  of  an  inch,  and  may  be  allied 
to  mucus-corpuscles. 

The  Spermatic  filaments  or  Corpuscles  (Spermatozoa, 
spermatic  animalcules,)  are  peculiar  microscopic  bodies 
which  constitute  the  essential  element  for  fecunda- 
tion of  the  ovum.  During  life,  and  for  some  hours  after 
being  removed  from  the  testicle,  they  perform  rapid 
vibratory  or  lashing  movements.  Each  consists  of  a flattened  oval  part  or  so- 
called  body,  and  of  a long  slender  filiform  tail.  The  body  is  about  g^th  of 
an  inch  long  and  xooTxV1  broad,  and  the  entire  corpuscle  is  from  5(^tli  to  x0th  of 
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an  inch  in  length.  The  body  often  contains  a minute  spot,  and  at  its  junction 
with  the  narrow  filament  or  tail,  there  is  frequently  a slight  thickening,  or 


Fig.  324.  — Spermatic  Cells  and 

Filaments  op  the  Bull  undergo- 
ing development  (from  Kolliker). 

43  0 

i~“ 

1,  spermatic  cells  with  one  or  two 
nuclei,  one  of  them  clear ; 2,  3,  free 
nuclei  with  spermatic  filaments  form- 
ing ; 4,  the  filaments  elongated  and 
the  body  widened  ; 5,  filaments  nearly 
fully  developed. 

projecting  fringe  or  collar,  which 
is  most  apparent  in  corpuscles  not 
fully  developed. 

The  spermatic  corpuscles  are  pro- 
duced by  a process  of  transforma- 
tion taking  place  within  the  cells 
which  occupy  the  seminiferous 
tubes  of  the  body  of  the  testicle  : 
it  is  completed  in  the  progress  of 
the  cells  through  the  rete  testis  and 


Fig.  324. 


vasa  efferentia,  in  which  last  most  of  the  spermatic  filaments  are  free,  and  have 
acquired  their  vibratory  motile  power.  The  process  of  transformation  was  first 
clearly  shown  by  Ivolliker  in  mammalia,  in  which  he  described  the  spermatic 
cells  as  having  formed  within  them  by  division  a smaller  or  greater  number  of 
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Fig.  325. — Escape  op  tiie  Spermatic  Cor- 
puscles from  their  Cells,  in  the  same 
Animal. 

1,  spermatic  cell  containing  the  spermatozoon 
coiled  up  within  it ; 2,  the  cells  elongated  by  the 
partial  uncoiling  of  the  spermatic  filament  ; 3 
a cell  from  which  the  filament  has  in  part  become 
free ; 4,  the  same  with  the  body  also  partially 
nee  ,•  5,  spermatozoon  from  the  epididymis  with 
vestiges  of  the  cell  adherent  ; 6,  spermatozoon 
trom  the  vas  deferens  showing  the  small  enlarge- 
ment, o,  on  the  filament. 


nuclei,  each  one  of  which  gives  rise  to  a 
filamentous  corpuscle.  (Handbuch  der  Ge- 
webelehre,  1867,  p.  527,  and  Zeitsch.  f.  Wissen. 

A-ooi.,  vol.  vu.)  Subsequent  observers  have  in 
the  mam  confirmed  the  views  of  Kolliker,  the 

} ■ y Cl1/fe,rence  of  importance  between  them 
being  that  some,  as  Merkel  and  La  Valette  St. 

Geoige,  appear  to  regard  the  internal  progeny 

than  nfP?™atfiCellSaS  comPlete  cells  rather 
than  nuclei.  Adopting  the  language  of  the 

latter  observers,  it  appears  that  the  so-called 

c We  S?  °f  the! COrpUSCle  is  Educed  by  a 
tbe  e n r0rm  consistence  in  the  part  of 

1>r0iects  m0re  **> : the  tail 

cell,  and  extX  rapidlfa f ° f0m  »*•>  <*  the 

out  the  wall  as  it  increases  in  len'otlTand  tio,  ''“t"1"" 

gth,  and  finally  breaking  through  its  confine- 
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mcnt.  The  slight  intermediate  enlargement,  which  some  have  called  body,  and 
which  is  most  to  he  seen  before  the  process  of  formation  is  complete,  appears 
to  be  due  to  the  remains  of  the  cell  adhering  to  the  head  and  tail,  which  have 
extended  beyond  its  confines.  The  nucleolus  may  be  seen  for  a time  within 
the  head.  (Schweigger-Seidel,  in  Schultze’s  Archiv,  vol.  i.,  La  Valette  St.  George, 
in  Strieker’s  Handbuch,  p.  Gii!),  Merkel,  in  Du  Bois-Reymond’s  Archiv,  1871.) 

The  vibratile  or  lashing  motion  of  the  filament  belongs  to  the  fully  developed 
condition  of  the  corpuscle,  and  causes  the  progressive  eel-like  advance  when 
floating  in  fluid.  It  is  closely  allied  to  ciliary  motion,  and,  indeed,  the  spermatic 
corpuscle  may  be  regarded  as  in  some  measure  analogous  to  a uniciliated  cell. 

The  filamentous  form  and  ciliary  vibratile  movement  belong  to  the  fully 
developed  spermatic  corpuscles  of  by  far  the  greater  number  of  animals,  extending 
to  the  lowest  as  well  as  the  highest  in  the  scale.  Exceptional  non-filamentous 
forms,  with  absence  of  vibratile  motion  occur  in  the  Crustacea  and  nematoid 
worms,  but  the  origin  of  the  corpuscles  from  spermatic  cells  is  nevertheless  the 
same  in  these  as  in  other  animals. 

(Wagner  and  Leuckart,  Article  “ Semen  ” in  Cyclop,  of  Anat.  and  Phys.  ; 
Kolliker  in  Handbuch.) 

REPRODUCTIVE  ORGANS  IN  THE  FEMALE. 

The  reproductive  organs  in  the  female  consist  of  the  ovaries,  uterus, 
and  Fallopian  tubes,  which  are  named  the  internal,  and  the  vagina, 
clitoris,  nymphse,  labia,  and  other  parts  included  in  the  vulva,  named 
the  external  organs  of  generation. 


THE  VULVA. 

The  vulva,  or  'pudendum , is  a general  term,  which  includes  all  the 
parts  perceptible  externally,  viz.,  the  mons  Veneris,  the  labia,  the 
hymen  or  carunculae,  the  clitoris,  and  the  nymphse.  The  urethra  also 
may  be  described  in  connection  with  these  parts. 

Integuments  and  Labia. — The  integument  on  the  fore  part  of  the 
pubic  symphysis,  elevated  by  a quantity  of  areolar  and  adipose  sub- 
stance deposited  beneath  it,  and  covered  with  hair,  is  termed  the  mons 
Veneris.  The  labia pmdencli  (labia  externa  v.  majora)  extend  downwards 
and  backwards  from  the  mons,  gradually  becoming  thinner  as  they 
descend.  They  form  two  rounded  folds  of  integument  so  placed  as  to 
leave  an  elliptic  interval  ( riina ) between  them,  the  outer  surface  of  each 
being  continuous  with  the  skin,  and  covered  with  scattered  hairs, 
whilst  the  inner  is  lined  by  the  commencement  of  the  genito-urinary 
mucous  membrane.  Between  the  skin  and  mucous  membrane  there  is 
found,  besides  fat,  vessels,  nerves,  and  glands,  some  tissue  resembling 
that  of  the  dartos  in  the  scrotum  of  the  male,  to  which  the  labia  in  the 
main  correspond.  The  labia  majora  unite  beneath  the  mons  and  also 
in  front  of  the  perineum,  the  two  points  of  union  being  called  the 
anterior  and  posterior  commissures.  The  posterior  or  inferior  com- 
missure is  about  an  inch  distant  from  the  margin  of  the  anus,  and  this 
interval  is  named  the  perineum  of  the  female.  Immediately  within 
the  posterior  commissure,  the  labia  are  connected  by  a slight  transverse 
1'old  (frccnulum  pudendi),  which  has  also  received  the  name  of fourchette, 
and  is  frequently  torn  in  the  first  parturition.  The  space  between  it 
and  the  commissure  has  been  called  fossa  navicularis. 

Clitoris. — Beneath  the  anterior  commissure,  and  concealed  between 
the  labia,  is  the  clitoris,  a small  elongated  body  corresponding  in  con- 
formation and  structure  to  a diminutive  penis,  but  differing  in  having 
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no  corpus  spongiosum  or  urethra  connected  with  it  below.  It  consists 
of  two  corpora  cavernosa,  which  are  attached  by  crura  to  the  rami  of 
the  ischium  and  pubes,  and  are  united  together  by  their  flattened  inner 
surfaces  so  as  to  form  an  incomplete  pectiniform  septum.  The  body  of 
the  clitoris,  which  is  about  an  inch  and  a half  long,  but  is  hidden 
beneath  the  mucous  membrane,  is  surmounted  by  a small  eglans,  con- 
sisting of  spongy  erectile  tissue.  The  glans  is  imperforate,  highly 
sensitive,  and  surrounded  superiorly  by  a membranous  fold,  analogous 
to  the  prepuce.  There  is  a small  suspensory  ligament  attached  to  the 
upper  border,  like  that  of  the  penis,  and  in  front  of  this  the  clitoris  is 
dependent.  The  two  ischio-cavernous  muscles,  named  in  the  female 
erectorcs  clitoridis,  have  the  same  connections  as  in  the  male,  being- 
inserted  into  the  crura  of  the  corpora  cavernosa. 

Uymphse. — From  the  glans  and  preputial  covering  of  the  clitoris 
two  narrow  pendulous  folds  of  mucous  membrane  pass  backwards  for 
about  an  inch  and  a half,  one  on  each  side  of  the  entrance  to  the 
vagina.  These  are  the  nymph ce  (labia  interna  v.  minora).  Their  inner 
surface  is  continuous  with  that  of  the  vagina  ; the  external  insensibly 
passes  into  that  of  the  labia  majora.  dhey  contain  vessels  between  the 
laminae  of  tegumentary  membrane,  but,  according  to  Kobelt,  no  erectile 
plexus  ,•  indeed,  they  would  seem  to  correspond  to  the  cutaneous  cover- 
ing of  the  male  urethra  (supposed  to  be  "split  open  below),  while  the 
erectile  structure  corresponding  to  the  bulb  and  spongy  body,  in  two 
separate  right  and  left  halves,  lies  deeper,  as  will  be  presently  explained. 
(Kobelt,  Die  mannlichen  und  weiblichen  Wohllustorgane,  1844.) 


Fig.  326. — Lateral  Yikw  of  the  Erectile 
Structures  of  the  External  Organs  in 
the  Female  (from  Kobelt).  § 

The  blood-vessels  have  been  injected, 
and  the  skin  and  mucous  membrane  have 
been  removed  ; a,  bulbus  vestibuli  ; c, 
plexus  of  veins  named  pars  intermedia  ; c, 
glans  clitoridis  ; f,  body  of  the  clitoris  ; h\ 
dorsal  vein ; l,  right  crus  clitoridis  ; m. 
vestibule  ; n,  right  gland  of  Bartholin. 

Vestibule.— Between  the  nym- 
plim  is  the  angular  interval  called 
the  vestibule,  in  which  is  situated 
the  circular  orifice  of  the  urethra, 
or  meatus  urinarius,  about  an  inch 
below  the  clitoris  and  just  above 
the  entrance  to  the  vagina.  The 
membrane  which  surrounds  this 
onhee  is  rather  prominent  in  most 
instances,  so  as  readily  to  indicate 


Fig.  326. 


uretal  t°he  mLI^f?rIm,^diatek  beIow  «»  «i#«  of  the 
more  or  less  narrowed  by  theV«S“’  Tr'’’-  ‘iSf-  Til|:in!.i8fusuaU? 
he  mucous  membrane,  placed  aKtW^J  ? a+1thm  duPllcatui'e  of 
varies  very  considerably  in  different  f ^ vagmfa  | lts  io!'m 

semilunar,  the  concave 
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pubes.  Sometimes  it  is  circular,  and  is  perforated  only  by  a small 
round  orifice,  placed  usually  a little  above  the  cetitre  ; and  occasionally 
it  is  cribriform,  or  pierced  with  several  small  apertures ; and  it  may  in 
rare  instances  completely  close  the  vagina,  constituting  “ imperforate 
hymen.”  On  the  other  hand,  it  is  often  reduced  to  a mere  fringe,  or  it 
may  be  entirely  absent.  After  its  rupture,  some  small  rounded  eleva- 
tions remain,  called  carunculm  myrtiformes. 

The  mucous  membrane  may  be  traced  inwards  from  the  borders  of 
the  labia  majora,  where  it  is  continuous  with  the  skin  : it  forms  a fold 
over  the  vascular  tissue  of  the  nymph  se,  and  is  then  prolonged  into  the 
urethra  and  vagina.  It  is  smooth,  reddish  in  colour,  is  covered  by  a 
scaly  epithelium,  and  is  provided  with  a considerable  number  of  mucous 
crypts  or  follicles,  and  with  glands  which  secrete  an  unctuous  and 
odorous  substance.  The  mucous  crypts  and  follicles  are  especially  dis- 
tinct on  the  inner  surface  of  the  nymph  se,  and  near  the  orifice  of  the 
urethra.  The  sebaceous  glands  are  found  beneath  the  prepuce,  and 
upon  the  labia  majora  and  outer  surface  of  the  nymphse. 

The  glands  of  Bartholin  (or  of  Duverney),  corresponding  to 
Cowper’s  glands  in  the  male,  are  two  reddish  yellow  round  or  oval 
bodies,  measuring  about  half  an  inch  in  the  longest  diameter,  lodged 
one  on  each  side  of  the  commencement  of  the  vagina,  between  it  and 
the  erectores  clitoridis  muscles,  beneath  the  superficial  perineal  fascia, 
and  in  front  of  the  transverse  muscles.  Their  ducts,  which  are  long 
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Fig.  327. — Front  View  op  the  Erectile  Structures  of  the  External  Organs  in 

the  Female  (from  Kobelt).  § 

a,  bulbus  vestibuli  ; b,  sphincter  vaginae  muscle  ; e,  e,  venous  plexus  or  pars  inter- 
media ; f,  glans  clitoridis  ; <j,  connecting  veins ; It,  dorsal  vein  of  the  clitoris  ; k,  veins 
passing  beneath  the  pubes  ; l,  the  obturator  vein. 

and  single,  run  forward  and  open  on  the  inner  aspect  of  the  nymphse, 
outside  the  hymen  or  carunculae  myrtiformes. 

Erectile  tissue. — All  the  parts  of  the  vulva  arc  supplied  abundantly 
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with  blood-vessels,  and  in  certain  situations  there  are  masses  composed 
of  venous  plexuses,  or  erectile  tissue,  corresponding  to  those  found  in 
the  male.  Besides  the  corpora  cavernosa  and  glans  clitoridis,  already 
referred  to,  there  are  two  large  leech-shaped  masses,  the  bulbi  vestibuh, 
about  an  inch  long,  consisting  of  a network  ot  veins,  enclosed  in  a 
fibrous  membrane,  and  lying  one  on  each  side  of  the  vestibule,  a little 
behind  the  nymphse.  They  are  rather  pointed  at  their  upper  extremi- 
ties, and  rounded  below  : they  are  suspended,  as  it  were,  to  the  crura 
of  the  clitoris  and  the  rami  of  the  pubes,  covered  internally  by  the 
mucous  membrane,  and  embraced  on  the  outer  side  by  the  fibres  of  the 
constrictor  vaginae  muscle.  They  are  together  equivalent  to  the  bulb 
of  the  urethra  in  the  male,  which,  it  will  be  remembered,  presents  traces 
of  a median  division.  In  front  of  the  bipartite  bulb  of  the  vestibule  is 
a smaller  plexus  on  each  side,  the  vessels  of  which  are  directly  con- 
tinuous with  those  of  the  bulbus  vestibuli  behind,  and  of  the  glans 
clitoridis  in  front.  This  is  th ejpars  intermedia  of  Kobelt,  and  is  regarded 
by  him  as  corresponding  with  the  part  of  the  male  corpus  spongiosum 
urethra  which  is  in  front  of  the  bulb  : it  receives  large  veins  coming 
direct  from  the  nymph  ae. 

Blood-Vessels. — The  outermost  parts  of  the  vulva  are  supplied  by  the  superficial 
pudendal  arteries  ; the  deeper  parts  and  all  the  erectile  tissues  receive  branches 
from  the  internal  pudic  arteries,  as  in  the  male.  The  veins  also  in  a great 
measure  correspond  ; there  is  a vena  dorsalis  clitoridis,  receiving  branches  from 
the  glans  and  other  parts  as  in  the  male  ; the  veins  of  the  bulbus  vestibuli  pass 
backwards  into  the  vaginal  plexuses,  and  are  connected  also  with  the  obturator 
veins  : above  they  communicate  with  the  veins  of  the  pars  intermedia,  those  of 
the  corpora  cavernosa  and  the  glans  of  the  clitoris,  and  also  with  the  vena 
dorsalis.  The  lymphatics  accompany  the  blood-vessels. 

Nerves. — Besides  sympathetic  branches,  which  descend  along  the  arteries, 
especially  for  the  erectile  tissues,  there  are  other  nerves  proceeding  from  the 
lumbar  and  sacral  plexuses  ; those  from  the  former  being  branches  of  the  genito- 
crural,  and  those  from  the  latter  of  the  inferior  pudendal  and  internal  pudic 
nerves,  which  last  sends  comparatively  large  branches  to  the  clitoris.  The  mode 
of  termination  is  not  known  with  certainty  ; tactile  corpuscles  have  been  seen 
in  the  human  clitoris,  and  Pacinian  bodies  in  that  of  some  animals. 


THE  FEMALE  URETHRA. 

Th q female  urethra  is  short  as  compared  with  that  of  the  male  sex. 
It  is  about  an  inch  and  a half  in  length,  and  is  wide  and  capable 
of  great  distension  ; its  ordinary  diameter  is  about  three  or  four 
lines,  but  it  enlarges  towards  its  vesical  orifice.  The  direction  of  this 
canal  is  mainly  downwards  with  a slight  curvature  forwards.  It  lies 
embedded  m the  anterior  wall  of  the  vagina,  from  which  it  can  only 
be  separated  by  dissection. 

e1xt1ernal  or  meatus  urinarius , opens  in  the  vulva,  nearly 

l?elow,a1nd  behind  the  clitoris,  between  the  nymph  ae,  and  imme- 

rmrrnwptf  °7e.i  fi cutrance  to  tbe  vagina.  From  its  orifice,  which  is  its 
f flpai  canal  passes  upwards  and  backwards  between  the 
f c i°i  tlie, cllton.8  aud  behind  the  pubes,  gradually  enlarging  into  a 

Wodd  Siamu  °P-em?g  as  *fc  approaches  and  joins  the  neck  of  the 
,,  er*  icie  is  also  a dilatation  in  the  back  of  the  canal,  just  within 
tne  meatus.  J 
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The  mucous  membrane  is  whitish,  except  near  the  orifice ; it  is 
raised  into  longitudinal  pliem,  which  are  not  entirely  obliterated  by 
distension,  especially  one  which  is  particularly  marked  on  the  lower  or 
posterior  surface  of  the  urethra.  Near  the  bladder  the  membrane  is 
soft  and  pulpy,  with  many  tubular  mucous  glands.  Lower  down  these 
increase  in  size  and  lie  in  groups  between  the  longitudinal  folds,  and 
immediately  within  and  around  the  orifice,  the  lips  of  which  are  ele- 
vated, are  several  larger  and  wider  crypts. 

The  lining  membrane  is  covered  with  a scaly  epithelium,  but  near 
the  bladder  the  particles  become  spheroidal.  The  submucous  areolar 
tissue  contains  elastic  fibres.  Outside  this  there  is  a highly  vascular 
structure,  in  which  are  many  large  veins.  Between  the  anterior  and 
posterior  layers  of  the  triangular  ligament,  the  female  urethra  is  em- 
braced by  the  fibres  of  the  compressor  urethrae  muscle. 

The  vessels  and  nerves  of  the  female  urethra  are  very  numerous,  and 
are  derived  from  the  same  sources  as  those  of  the  vagina. 

o 

THE  VAGINA. 

The  vagina  is  a membranous  and  dilatable  passage,  extending  from 
the  vulva  to  the  uterus,  the  neck  of  which  is  embraced  by  it.  It  rests 
below  and  behind  on  the  rectum,  supports  the  bladder  and  urethra  in 
front,  and  is  enclosed  between  the  levatores  ani  muscles  at  the  sides. 
It  is  slightly  curved  and  is  directed  upwards  aud  backwards  : its  axis 
corresponding  below  with  that  of  the  outlet  of  the  pelvis,  and  higher 
up  with  that  of -the  pelvic  cavity.  In  consequence  of  its  curvature  and 
its  reaching  higher  on  the  back  than  on  the  front  of  the  os  uteri,  its 
length  is  greater  along  the  posterior  than  along  the  anterior  wall,  by 
about  an  inch  and  a half.  Each  end  of  the  vagina  is  somewhat  nar- 
rower than  the  middle  part : the  lower,  which  is  continuous  with  the 
vulva,  is  the  narrowest  part,  and  has  its  long  diameter  from  before 
backwards  ; the  middle  part  is  widest  from  side  to  side,  being  flattened 
from  before  backwards,  so  that  its  anterior  and  posterior  walls  are 
ordinarily  in  contact  with  each  other  : at  its  upper  end  it  is  rounded, 
and  expands  to  receive  the  vaginal  portion  of  the  neck  of  the  uterus, 
which  is  embraced  by  it  at  some  distance  above  the  os  uteri.  The 
vagina  reaches  higher  up  on  the  cervix  uteri  behind  than  in  front,  so 
that  the  uterus  appears,  as  it  were,  to  be  inserted  into  its  anterior  wall 

On  the  inner  surface  of  the  vagina,  anteriorly  and  posteriorly,  a 
slightly  elevated  ridge  extends  from  the  lower  end  upwards  in  the 
middle  line,  forming  the  columns  of  the  vagina,  or  columnce  rvgarum. 
Numerous  dentated  transverse  ridges,  called  rugee,  are  also  observed, 
particularly  in  persons  who  have  not  borne  children,  running  at  right 
angles  from  the  columns.  These  columns  and  rugae  are  most  evident 
near  the  entrance  of  the  vagina  and  on  the  anterior  surface,  and 
gradually  become  less  marked,  and  disappear  towards  its  upper  end. 

Structure  and  connections. — The  walls  of  the  vagina  are  thickest 
in  front,  in  the  vicinity  of  the  urethra,  which  indeed  may  be  said  to  be 
imbedded  in  the  anterior  wall  of  the  vaginal  passage  ; in  other  situa- 
tions they  are  thinner.  The  vagina  is  firmly  connected  by  areolar 
tissue  to  the  neck  of  the  bladder,  and  only  loosely  to  the  rectum  and 
levatores  ani  muscles  ; at  the  upper  end,  for  about  a fourth  part  of  its 
length,  its  posterior  surface  receives  a covering  from  the  peritoneum, 


THE  VAGINA. 


461 


■which  descends  in  the  form  of  a cul-de-sac  thus  far  between  the  vagina 
and  the  rectum. 

Externally  the  vagina  presents  a coat  of  dense  areolar  tissue,  and 
beneath  this  its  walls  are  composed  of  unstriped  muscle,  which  is  not 


Fig.  328. 


Fig.  328.  Sectional  View  of  the  Viscera  of  the  Female  Pelvis  (after  Houston  and 

from  nature).  (A.  T. ) i 
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Vessels  and  Nerves. — The  vagina  is  largely  supplied  with  vessels  and  nerves. 
The  arteries  are  derived  from  branches  of  the  internal  iliac,  viz.,  the  vaginal, 
internal  pudic,  vesical,  and  uterine.  The  veins  correspond  ; but  they  first 
surround  the  vagina  with  numerous  branches,  and  form  at  each  side  a plexus 
named  the  vaginal  plexus.  The  nerves  are  derived  from  the  hypogastric  plexus 
of  the  sympathetic,  and  from  the  fourth  sacral  and  pudic  nerves  of  the  spinal 
system  ; the  former  are  traceable  to  the  erectile  tissue. 

THE  UTERUS. 

The  uterus  (or  womb,  matrix,  varepov,)  is  a hollow,  muscular  organ, 
with  very  thick  walls,  situated  in  the  pelvic  cavity  between  the  rectum 
and  the  urinary  bladder.  In  the  case  of  pregnancy  it  receives  the 
ovum,  retains  and  supports  it  during  the  development  of  the  fcetus,  and 
expels  it  at  the  time  of  parturition.  The  Fallopian  tubes,  extending 
from  each  upper  angle  of  the  uterus  to  their  ovarian  opening,  conduct 
the  ovum  from  the  ovary  to  the  uterine  cavity.  During  utero-gestation, 
the  uterus  undergoes  a great  enlargement  in  size  and  capacity,  as  well 
as  important  structural  changes. 


Fig.  329. — Anterior  View  of  the  Uterus  and  its  Appendages.  I 
a,  fundus  ; b,  body  ; c,  cervix  ; e,  front  of  the  upper  part  of  the  vagina  ; n,  n,  round 
ligaments  ; r,  r,  broad  ligaments  ; s,  s,  Fallopian  tubes  ; t,  their  fimbriated  extremities  ; u, 
ostium  abdominale  ; the  position  of  the  ovaries  is  indicated  through  the  broad  ligamen  s, 
and  the  cut  edge  of  the  peritoneum  is  shown  along  the  side  of  the  broad  ligaments  an 
across  the  front  of  the  uterus. 


In  the  fully  developed  virgin  condition,  which  is  that  to  which  the 
following  description  mainly  applies,  it  is  a somewhat  pear-shaped  body, 
flattened  from  before  backwards,  free  above,  and  connected  below  with 
the  vagina,  into  the  upper  end  of  which  its  lower  extremity  projects.  It 
does  not  reach  above  the  brim  of  the  pelvis.  Its  upper  end  is  directed 
upwards  and  forwards,  the  lower  downwards  and  backwards  ; so  that 
its  axis  corresponds  with  that  of  the  inlet  of  the  pelvis,  ^ and  forms  an 
angle  or  sudden  curve  with  the  axis  of  the  vagina,  which  corresponds 
more  nearly  with  that  of  the  outlet  of  the  cavity.  The  uterus  projcc  s 
upwards  into  a fold  of  the  peritoneum,  by  which  the  body  is  investee 
both  before  and  behind,  and  the  neck  also  behind,  but  in  front  the  pci  1- 
toneurn  does  not  descend  farther  than  the  body.  Its  free  surface  is  m 
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contact  with  the  other  pelvic  viscera,  some  convolutions  of  the  small 
intestine  usually  lying  upon  and  behind  it.  From  its  two  sides  the 
peritoneum  is  reflected  in  the  form  of  a broad  duplicature,  named  the 
ligamentum  latum,  which,  together  with  the  parts  contained  within  it 
will  be  presently  described. 

The  average  dimensions  of  the  uterus  are  about  three  inches  in 
length,  two  in  breadth  at  its  upper  and  wider  part,  and  nearly  an  inch 
in  thickness  : its  weight  is  from  seven  to  twelve  drachms.  It  is  usually 
described  as  possessing  a fundus,  body,  and  neck. 

The  fundus  is  the  broad  bulging  upper  end  of  the  body,  and  projects 
upwards  from  between  the  points  of  attachment  of  the  Fallopian  tubes 
The  body  gradually  narrows  as  it  extends  from  the  fundus  to  the  neck  •' 
its  sides  are  nearly  straight ; its  anterior  and  posterior  surfaces  are 
both  somewhat  convex,  but  the  latter  more  so  than  the  former.  At  the 
points  ot  union  of  the  sides  with  the  rounded  superior  border  are  twb 
projecting  angles,  with  which  the  Fallopian  tubes  are  connected  the 
round  ligaments  being  attached  a little  before,  and  the  ovarian  lma- 
ments  behind  and  beneath  them  ; these  three  parts  are  all  included 
within  the  peritoneal  duplicature  of  the  broad  ligaments.  The  neck  or 
cermf  uter\  narrower  and  more  rounded  than  the  rest  of  the  oro-an  is 
nearly  an  inch  in  length ; it  is  continuous  above  with  the^bodv 
wl’  kecommg  somewhat  smaller  towards  its  lower  extremity  projects 

round^wiH^fr  ^ f°  fc  16  °f  the  va"ina>  wllich  is  united  all 
lound  with  the  substance  of  the  uterus,  but  extends  upwards  , to  a 


Fig.  330. 


The  cavitv  of  'n  I’0STERI0R  A,IKW  0F  THE  Uterus  and  its  Appendages. 

the  upper  part  of The  has^been^T^  ^ re“oval  of  the  Posterior  wall,  and 

anterior  lip  of  the  os  uIeTexteSnrn  U 5.°>  ’ 6’  bod*  5 * cervix  ; d, 

walls  of  the  uterus ; i,  openin-  0f  The  FnT  -inte”0f  °*  the  vagina5  /.  section  of  the 
ovary  ; r,  broad  ligament  ; , °f 

uterus1*  is^some times1  n amedTtlm  «°n  ■’  /The  pr%ectin2  Portion  of  the 

uterus  presents  a T^i  lower  eud  of  the 

vagina  ; this  is  named  variously  ofvu7-  1-S  ?Vlty  °Pcns  luto  the 
supposed  likeness  to  the  mouth  afthl  °t  uie™  txtffnurn,  and  (from  a 
bounded  by  two  thick  lies  1 -®  te?ch  fish)  08  tmcce.  It  is 

vol.  ii/  C llps>  the  Posterior  of  which  is  the  thinner  and 
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longer  of  the  two,  while  the  anterior,  although  projecting  less  from  its 
vaginal  attachment,  is  lower  in  position,  and,  when  the  tube  is  closed, 
comes  into  contact  with  the  posterior  wall  of  the  vagina.  These 
borders  or  lips  are  generally  smooth,  but,  after  parturition,  they 
frequently  become  irregular,  and  are  sometimes  fissured  or  cleft. 

The  walls  of  the  uterus  are  of  great  thickness,  and  the  cavity  is  thus 
proportionately  much  reduced  in  size.  The  part  within  the  body  is 
triangular,  and  flattened  from  before  backwards,  so  that  its  anterior 
and  posterior  walls  touch  each  other.  The  base  of  the  triangle  is 
directed  upwards,  aud  is  curvilinear,  the  convexity  being  turned  to- 
wards the  interior  of  the  uterus.  The  cavity,  narrowing  gradually,  is 
prolonged  through  the  wall  of  the  organ  towards  its  two  superior 
angles,  at  each  of  which  a minute  foramen  leads  into  the  narrow  canal 
of  the  Fallopian  tube.  At  the  junction  of  the  body  with  the  neck,  the 
cavity  is  slightly  constricted,  and  thus  forms  what  is  sometimes  named 
the  internal  orifice  (os  uteri  internum , isthmus  vel  ostium  uteri)  ; this 
opening  is  often  smaller  than  the  os  externum,  and  is  of  a circular  form. 
That  portion  of  the  cavity  which  is  within  the  neck  is  tubular  and  slightly 
flattened  before  and  behind  ; it  is  somewhat  dilated  in  the  middle,  and 
opens  inferiorly  into  the  vagina  by  the  os  tine®.  Its  inner  surface  is 
marked  by  two  longitudinal  ridges  or  columns,  which  run,  one  on  the 
anterior,  the  other  on  the  posterior  wall,  and  from  both  of  which  rug® 
are  directed  obliquely  upwards  on  each  side,  so  as  to  present  an  appear- 
ance which  has  been  named  arbor  vitce  utermus,  also  palmce  plicate : 
this  structure  is  most  strongly  marked  anteriorly. 

Structure. — The  walls  of  the  uterus  consist  of  an  external  serous 
covering,  an  internal  mucous  membrane,  and  a thick  intermediate 
substance  which  is  chiefly  muscular.  The  serous  covering  or  peritoneal 
layer  has  been  already  referred  to. 

Muscular  Wall. — The  thick  middle  part  of  the  wall  of  the  uterus 
is  of  a very  dense  consistence : it  is  mainly  composed  of  bundles  of 
muscular  fibres  of  the  plain  variety,  of  small  size  in  the  unimpiegnated 
uterus,  but  greatly  enlarged  in  the  gravid  state.  These  fibres  inter- 
lace closely  with  each  other,  but  are  disposed  in  bands  and  layers,  and 
are  intermixed  with  fibro-areolar  tissue,  a large  number  of  blood-vessels 
and  lymphatics,  and  some  nerves.  The  areolar  tissue  is  more  abundant 
near  the  outer  surface.  The  arrangement  of  the  muscular  fibres  is  best 
studied  in  the  uterus  at  the  full  period  of  gestation,  in  which  the  bands 
and  layers  formed  by  them  become  augmented  in  size,  and  much  more 
distinctly  developed.  They  may  be  referred  to  three  sets  or  orders, 
viz.,  external,  internal,  and  intermediate.  Those  of  the  external  set  are 
arranged  partly  in  a thin  superficial  sheet,  immediately  beneath  the 
peritoneum,  and  partly  in  bands  and  incomplete  strata,  situated  moic 
deeply.  A large  share  of  these  fibres,  beginning  as  longitudinal  bands 
at  the  cervix,  arch  transversely  and  obliquely  over  the  fundus  and 
adjoining  part  of  the  body  of  the  organ,  and  converge  at  either  side 
towards  the  commencement  of  the  round  ligaments,  along  which  they 
are  in  part  prolonged  to  the  groin.  Others  pass  off  in  like  manner  to 
the  Fallopian  tubes,  and  strong  transverse  bands  from  the  anterior  and 
posterior  surfaces  are  extended  into  the  ovarian  ligaments.  A con- 
siderable number  of  thinly  scattered  fibres  also  pass  at  each  side  mto 
the  duplicature  of  the  broad  ligament,  and  others  are  described  as  run- 
ning back  from  the  cervix  of  the  uterus  into  the  recto-uterine  folds  o 
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•the  peritoneum.  The  fibres  of  the  subperitoneal  layer  are  much  mixed 
with  areolar  tissue,  especially  about  the  middle  of  the  anterior  and 
posterior  surfaces  of  the  uterus,  in  which  situation  many  of  the  super- 
ficial fibres  appear  to  have  as  it  were  a median  attachment  from  which 
they  diverge.  The  fibres  of  the  intermediate  layer,  which  is  compara- 
tively thin,  begin  chiefly  on  the  back  of  the  uterus,  and  stretch  over 
the  fundus  and  towards  the  sides,  running  somewhat  irregularly  between 
the  blood-vessels.  The  inner  layer , which  is  much  the  thickest  of  the 
three,  consists  of  bands  of  fibres  which  are  disposed  with  comparative 
regularity  in  its  upper  part,  being  arranged  there  in  numerous  con- 
centric rings  round  the  openings  of  the  two  Fallopian  tubes,  the  widest 
■circles  of  the  two  series  meeting  from  opposite  sides  in  the  middle  of 
•the  uterus.  In  the  lower  part  of  the  body,  and  in  the  cervix  the 
■internal  fibres  run  more  transversely,  crossing  each  other  at  narrow 
angles  in  the  most  various  directions.  They  form  the  so-called  sphinc- 
ters of  the  os  internum  and  os  externum.  At  the  neck,  however,  there 
are  also  longitudinal  fibres  within  the  strong  transverse  fibres  of  the 
layer  now  described.  (Helie,  Rech.  sur  la  dispos.  des  fibres  musculaires 
del’uterus,  Paris,  1869.) 

The  long  spindle-shaped  cells  of  the  uterine  muscular  tissue  are  very 
closely  united  together  by  cement  substance,  forming  bundles  which 
are  again  connected  by  areolar  tissue.  The  fibre-cells  possess  distinct 
oval  nuclei ; they  are  about  Tp^th  of  an  inch  in  length  in  the  unim- 
pregnated uterus,  but  attain  sometimes  the  length  of  TV  th  of  an  inch 
in  the  gravid  condition. 


Mucous  Membrane. — The  mucous  membrane  lining  the  cavity  of 
the  body  of  the  uterus  differs  greatly  from  that  of  the  interior  of  the 
cervix,  a marked  line  of  distinction  separating  the  two  parts  at  the 
asthmus. 

The  membrane  of  the  cervix  is  much  firmer  than  that  of  the  body, 
etween  the  rugae  of  the  so-called  arbor  vitae  there  are  numerous  folli- 
cular glands,  which  are  lined  with  cubical  epithelium,  contain  a clear 
aicalme  fluid,  and  open  by  minute  orifices  on  the  surface.  In  the  lower 
halt  o t the  cervix  the  mucous  membrane  is  beset  with  vascular  papilla. 
I he  epithelium  of  the  cervix  as  a whole  is  cylindrical  and  ciliated  • 
towards  the  os  externum  this  passes  into  transitional  and  flat  epithe- 
lium Besides  the  follicular  gland's  now  mentioned,  there  are  also  the 
so-called  ovula  A obothi,  a set  of  clear  or  yellowish  vesicles  of  variable 
size,  but  visible  to  the  naked  eye,  embedded  in  the  folds  of  the  mem- 
brane and  extending  down  to  the  os  externum.  These  may  arise  from 
closed  and  distended  follicles  ; but  their  exact  nature  is  still  doubtful 

able  rmnm?fregnfaf Cy  the  nmC0US  glauds  of  the  cervix  secrete  a consider- 

effectualIy  cl0Bes  the  ™ 

and  ^nXe^^mT6^!  °J  the  fcrianSular  cavitU  of  the  body  is  smooth, 
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fibres  in  different  stages  of  development,  together  with  a consider- 
able quantity  of  intervening  granular  substance,  and  some  plain  mus- 
cular fibres  derived  from  the  inner  muscular  layer  of  the  uterine  wall. 

Uterine  glands. — In  the  dog,  as  first  shown  by  Sharpey  (Muller’s 
Physiol.,  by  Baly,  1842,  p.  1574), and  in  various  other  animals,  there  are 
two  forms  of  the  uterine  glands  ; but  in  the  human  species  it  appears 
that  there  is  only  one  form,  viz.,  that  of  more  or  less  convoluted  and 
generally  simple  tubes.  They  are  also,  however,  sometimes  a little 
branched.  Their  form  is  generally  that  of  equal  cylinders  throughout 
the  length  of  the  tube,  with  a slight  dilatation  in  many  towards  the 
deep  or  closed  extremities  (E.  H.  Weber,  Zusiitze  zur  Lehre  vom  Baue, 
&c.,  der  Geschlechtsorgane,  1846).  Being  set  perpendicularly  to  the 
surface,  and  slightly  convoluted,  they  are  necessarily  somewhat  longer 
than  the  thickness  of  the  membrane.  Towards  the  fundus,  the  outer 
parts  of  the  glands  lie  somewhat  more  obliquely. 

Each  gland  is  composed  of  a delicate  basement  membrane,  with  em- 
bedded nuclei,  and  this  is  lined  with  prismatic  nucleated  epithelial 
cells,  placed  with  their  broader  bases  and  nuclei  towards  the  outer  wall, 
and  their  narrow  ends  towards  the  lumen  of  the  tube.  (G.  Lott,  in 
Kollett’s  TJntersuch,  II.,  Leipzig,  1871,  and  Chrobak,  in  Strieker’s 
Handbuch,  &c.;  John  Williams,  M.D.,  The  Struct,  of  the  Mucous 
Memb.  of  the  Uterus,  1875.  See  also  Henle’s  Handb.  der  system. 
Anatomie,  vol.  ii.) 


Fig.  331. 
A 


Fig.  331,  A. — Section  op  the  Glandular  Structure  of  the  Human  Uterus  at  the 
commencement  op  Pregnancy  (from  E.  H.  Weber),  f 
a,  part  of  the  cavity  of  the  uterus  showing  the  orifices  of  the  glands  ; d,  a number  of 
the  tubular  glands,  some  of  which  are  simple,  others  slightly  convoluted  and  divided  at 
the  extremities. 

Fig.  331,  B. — Small  Portion  of  the  Uterine  Mucous  Membrane  after  Recent 
Impregnation,  seen  prom  the  inner  surface  (from  Sharpey). 

The  specimen  is  represented  as  viewed  upon  a dark  ground,  and  shows  the  orifices  of 
the  uterine  glands,  in  most  of  which,  as  at  1,  the  epithelium  remains,  and  in  some,  as  at 
2,  it  has  been  lost. 

In  a number  of  animals  the  glandular  epithelium  is  ciliated,  a fact 
which  was  observed  by  Allen  Thomson  in  the  uterine  glands  of  the  sow 
in  1846,  but  was  first  published  by  Leydig  in  1852,  after  an  observa- 
tion by  Nylander.  (Muller’s  Archiv.,  1852,  p.  375.)  Many  observers 
failed  to  detect  this  ciliated  structure  in  the  human  uterine  glands  : 
but  its  existence  was  asserted  by  C.  F.  Friedlander  in  1870,  and  more 
recently  it  has  been  fully  ascertained  by  J.  Williams,  who  also  observed 
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the  active  ciliary  motion.  The  epithelium  of  the  general  surface  of  the 
mucous  membrane  of  the  uterus  is  columnar  and  ciliated  throughout. 

Ligaments  of  the  uterus.— Where  the  peritoneum  is  reflected  from  the 
uterus  to  the  bladder  in  front,  and  to  the  rectum  behind,  it  forms,  in 
each  position,  two  semilunar  folds,  named  respectively,  the  vesico-uterine 
and  the  recto-uterine  folds,  or  sometimes  the  anterior  and  the  •posterior 
ligaments  of  the  uterus. 

The  broad  ligaments  (ligamenta  lata)  are  formed  on  each  side  by  a 
fold  or  double  layer  of  the  peritoneum,  which  is  directed  laterally  out- 
wards from  the  anterior  and  posterior  surfaces  of  the  uterus,  to  be  con- 
nected with  the  sides  of  the  pelvic  cavity.  Between  the  two  layers  of 
the  serous  membrane  are  placed,  first,  superiorly,  the  Fallopian  tube, 
which  runs  along  the  upper  margin  of  the  broad  ligament ; secondly’ 
the  round  ligament,  which  is  a little  farther  down  in  front  ; 
thirdly,  on  the  posterior  surface,  the  ovary  and  its  ligament,  which 
lie  in  a special  extension  of  the  ligamentum  latum;  and,  lastly 
throughout  the  greater  part  of  the  broad  ligament,  blood-vessels’ 
ymphatics,  and  nerves,  with  spreading  fibres  from  the  superficial 
muscular  layer  of  the  uterus.  The  ligament  of  the  ovary  is  merely 
a dense  fibro-areolar  cord,  containing  some  uterine  muscular  fibres 
and  measuring  about  an  inch  and  a half  in  length,  which  extends 
lrom  the  inner  end  of  the  ovary  to  the  upper  angle  of  the  uterus,  which 
it  joms  immediately  behind  and  below  the  point  of  attachment  of  the 
Fallopian  tube;  it  causes  an  elevation  of  the  posterior  layer  of  the 
serous  membrane,  and,  together  with  the  ovary  itself,  forms  the  lower 

5aDgulai'  Portwn  of  the  broad  ligament,  which  has  been 
named  the  ala  vespertilionis  or  bat’s  win0- 

Tnd  lyameni8  are  two  flat,  cord-like  bundles  of  fibres,  about 
on  01  five  inches  m length,  attached  to  the  upper  angles  of  the  uterus 

thp  (1Wamciltnm  teres  uteri),  immediately  in  front  of 

outwards  Paud  th“  P?infc- each  liSament  proceeds  upwards, 

outv  aids,  and  forwards,  to  gam  the  internal  inguinal  ring,  and  after 

having  passed,  like  the  spermatic  cord  in  the  male,  through  the 

inguinal  canal,  reaches  the  fore  part  of  the  pubic  symphysis  where  its 

veneris. _ Besides  aieolar  tissue  and  vessels,  the  round  ligaments  con- 
< in  p am  muscular  fibres,  which  are  prolonged  into  them  from  the 
uter  muscular  layer  of  the  uterine  wall.  Each  ligament  also  receives 
a covering  from  the  peritoneum,  which,  in  the  young  subject  proiects 

canal  this^iob  & pi,'0Cess  for  some  distance  into  the  inguinal 

which  resembles  the  processus  vaginalis  originally  existing 

“nera  M male’  is  canal  Sk;S 

advanced  life.  U“'  ° m tle  adult>  llllt  15  sometimes  found  even  in 

Blood-vessels. TTip 

right  and  left  ovarian  U-hl'r  ^ ^ v*n‘vs  are  four  in  number,  viz.,  the 
the  two  uterine.  Their  orhS  CorresP°nd  to  the  spermatic  of  the  male)  and 
uterus  and  ovaries,  has  been  al  7 a ^ ™°de  in  which  they  reach  the 

frequent  anastomoses  and  also  W TheV  are  remarkable  for  their 

substance  of  the  uteras  thev  1Smg'alarly  tortuous  course;  within  the 

The  veins  correspond  with  the  n+  • ° ? 6 P^aced  m little  channels  or  canals, 

plexuses,  and  their  thin  walls  nm™68-’  tlieyare  very  large,  and  form  the  uterine 
The  course  of  the  lymuhatios  un  , lmmediate  contact  with  the  uterine  tissue, 
and  abundant  in  the  gravid  uterus  ^ previously  described  ; they  are  very  large 
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Nerves.— The  distribution  of  the  nerves  has  been  previously  described.  They 
are  derived  from  the  inferior  hypogastric  plexuses,  the  spermatic  plexuses,  and 
the  third  and  fourth  sacral  nerves.  They  consist  of  both  medullated  and  plain 
fibres  ; they  are  in  greatest  number  in  the  neck,  where  they  run  into  the  papilla; 
of  the  mucous  membrane. 

In  animals  small  ganglia  have  been  observed  In  the  submucous  tissue  con- 
nected with  the  plain  fibres.  According  to  Frankenhauser,  the  dark  bordered 
fibres  run  into  the  muscles,  dividing  into  plain  fibres  before  they  form  bulbs,  and 
are  at  last  traceable  into  the  nuclei  of  the  muscular  cell-fibres  (Chrobak,  in 
Strieker’s  Handbuch,  and  Frankenhauser,  Die  N erven  der  Gebaermutter,  kc., 
Jena,  1867).  The  nerves,  especially  the  dark  bordered  fibres  increase  con- 
siderably during  pregnancy. 

Periodic  structural  changes  in  the  Uterus. — The  changes  W’hich  accom- 
pany menstruation  and  gestation  may  be  shortly  indicated  here. 

According  to  the  observations  of  J.  Williams,  already  quoted,  which  confirm 
and  greatly  extend  those  of  previous  inquirers,  it  appears  that  at  each  successive 
recurrence  of  menstruation  a complete  removal  of  the  glandular  part  of  the 
mucous  membrane  takes  place  by  a process  of  softening  and  molecular  disintegra- 
tion which  commences,  along  with  the  menstrual  discharge,  close  to  the  cervix, 
or  at  the  os  internum,  and  advances  progressively  towards  the  fundus  during  the 
remaining  days  of  the  flow  of  blood.  Previous  to  this  periodic  change,  in  addi- 
tion to  greatly  increased  general  vascularity  of  the  parts,  the  mucous  membrane 
becomes  very  much  thicker,  attaining  a diameter  of  a fifth  or  even  a quarter  of 
an  inch,  and  the  utricular  glands  are  proportionally  enlarged.  The  process  of 
disintegration  reaches  as  far  as  the  inner  muscular  fibres  which  run  between  the 
deepest  parts  of  the  glands  ; and  as  the  smaller  blood-vessels  are  similarly 
affected,  the  hemorrhage  is  the  direct  result  of  their  destruction  and  open 


condition.  . . 

The  process  of  restoration  of  the  uterine  membrane  and  its  glands,  which  is 
effected  in  the  interval,  and  which  begins  even  before  the  cessation  of  the 
menstrual  flow,  proceeds  in  the  same  order  from  the  lower  end  upwards  to  the 
fundus  of  the  cavity,  and  consists  in  a very  rapid  proliferation  of  the  cells  and 
nuclei  which  occupy  the  interstices  of  the  inner  muscular  fibres,  and  among 
which  are  probably  embedded  the  deepest  parts  of  the  utricular  glands.  The 
lining  membrane  of  the  cervix  does  not  participate  in  the  changes  nov 
referred  to. 

In  gestation  more  extensive  alterations  ensue,  which  necessarily  affect  the  size, 
shape,  and  position  of  the  uterus,  the  thickness  and  amount  of  substance  m its 
walls,  the  dimensions  and  form  of  its  cavity,  and  the  character  of  its  cervix 
and  of  its  os  externum  and  os  internum.  Its  weight  increases  fiom  a iou  one 
ounce  to  a pound  and  a half  or  even  three  pounds.  Its  colour  becomes  ai  'er, 
its  tissue  less  dense,  its  muscular  bundles  more  evident,  and  the  fibres  more  deve  - 
oped.  A very  great  increase  takes  place  in  the  muscular  tissue,  an  s increase, 
is  the  result  not  only  of  the  enlargement  of  already  existing  elemen  s,  e no 
cells  becoming  enlarged  to  the  extent  of  from  seven  to  eleven  mies  in  eng  a. 
and  from  two  to  five  times  in  breadth  (Kolliker),  but  also  of  new  orma  ion.  e 
increase  in  length  and  thickness  is  general ; the  new  foimation  occuis  uiain  J 
the  innermost  layers,  and  continues  until  the  sixth  month  of  pregnanci , v ien  1 
ceases.  The  round  ligaments  become  enlarged,  and  then  musci  ar  s me  inc 
more  marked:  the  broad  ligaments  are  encroached  upon  y e m lua 

of  the  growing  uterus  between  their  layers,  The  mucous  mem  r^ue 
the  glands  of  the  body  of  the  uterus  undergo  an  enlargement  very  sim  ax 
that  which  precedes  menstruation,  and  they  subsequently  become  ie  sea 

peculiar  changes,  which  lead  to  the  formation  of  the  decidua  mem  rane, 

more  particularly  stated  under  Development ; whilst  the  membrane  o e ce 
loses  its  columns  and  rug®.  The  blood-vessels  and  lymphatics  are  §iea  J , 
larged,  and  it  is  observed  that  the  arteries  become  exceedingly  on bl'e 
ramify  upon  the  organ.  The  nerves,  as  stated  above,  undergo  as 

CnAftcrpm-L-ition,  the  uterus  gradually  but  rapidly  diminishes  tfll  it  regains  the 
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size  and  structure  of  the  unimpregnated  condition.  During  this  change  the  en- 
larged muscular  fibres  undergo  fatty  degeneration  and  become  subsequently 
absorbed,  while  a new  set  of  minute  fibre-cells  are  developed.  After  the  first 
pregnancy,  however,  the  organ  never  regains  its  original  virgin  character.  In 
those  who  have  had  children  its  weight  usually  remains  from  two  to  three 
ounces  ; its  cavity  is  larger ; the  os  externum  is  wider  and  more  rounded,  and 
its  margins  often  puckered  or  fissured ; the  arteries  continue  much  more  tortuous, 
and  its  muscular  fibres  and  layers  remain  more  defined  than  in  the  virgin. 


Fig.  332. 


Fig.  332. — Outlines  of  Moulds  of  the  Uterine  Cavity  in  different  states  (after 

F.  Guyon).  Natural  size. 

A,  in  a virgin  of  17  years  of  age  ; B,  in  a woman  of  42  years  who  had  not  borne 
children  ; C,  in  a woman  of  35  years  who  had  borne  children  ; b,  cavity  of  the  body  ; c, 
that  of  the  cervix  ; i,  the  isthmus  or  os  internum  ; o,  os  externum  ; t,  passage  o tithe 
upper  aDgle  into  the  Fallopian  tube. 


Changes  from  Age. — In  the  infant,  the  neck  of  the  uterus  is  larger  than  the 
body ; the  fundus  is  not  distinguished  either  by  breadth  or  convexity  of  outline, 
and  the  cavity  is  remarkably  narrow,  and  tapers  out  from  the  middle  on  both 
sides  so  as  to  present  an  approach  to  the  two-honied  form  prevalent  in  animals. 
These  parts  afterwards  enlarge  gradually,  until,  at  puberty,  the  pyriform  figure  of 
t e vs  omb  is  fully  established.  The  arbor  vitae  is  very  distinct,  and  indeed  at  first 
reac  es  upward  to  the  highest  part  of  the  cavity.  The  shape  of  the  cavity  of  the 
ot  y v aims  also  in  after  life ; but  it  remains  comparatively  narrow  up  to  the  age 
o pu  erty,  and  retains,  the  same  form  to  a great  degree  in  all  women  who  have 
ome  no  c ren.  It  is  chiefly,  therefore,  in  those  who  have  been  pregnant  that 
its  form  is  widely  triangular.  (Fel.  Guyon,  Cavite  de  l’Uterus,  &c.  Joum.  de  la 
Physiol,  vol.  u.  p.  186.) 

gladuEd  ejects  of  more  advanced  age  alone,  independent  of  impreg- 

• . . • ’ e,  U ^1UH  s.  dnks’  anA  becomes  paler  in  colour,  and  harder  in  texture ; 

PiPb  +/0rmflS  °Sv;  thc  body  and  neck  become  less  distinguishable  from 

each  other ; the  orifices  also  become  less  characteristic. 

x-l  j.  -^r  o ai  8 W1^h  regard  lo  ^ke  structure  of  the  uterus  and  its  changes, 
in  Cyclop,  of  AnaTand  Phys!  by  ^ °n  “ UteruS  311(1  itS  APPenda£es  ” 
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Malformations.— The  uterus  is  subject  to  numerous  congenital  malformations 
especially  m connection  with  abnormal  conditions  of  the  other  genital  organs! 
these  will  be  referred  to  under  Development.  As  a malformation  affecting  the 
uterus  itself  may  here  be  mentioned  the  more  or  less  double  or  divided  state  of 
the  cavity,  produced  by  the  prolongation  of  a septmn  downwards  into  it  from  the 
fundus.  This  is  sometimes  only  partial  and  confined  to  the  upper  part  of  tho 
cavity ; while  in  other  instances  it  involves  the  whole  cavity  or  also  that  of  the 
cervix ; and  even  extends  through  a part  or  the  whole  of  the  vagina. 

THE  FALLOPIAN  TUBES. 

These  tubes  may  be  considered  as  ducts  of  the  ovaries,  or  oviducts, 
and  serve  to  convey  the  ovum  from  thence  into  the  uterus.  They  are 
inclosed,  as  already  stated,  in  the  free  margin  of  the  broad  ligaments, 
and  are  between  three  and  four  inches  in  length.  Their  inner  or 
attached  extremities,  which  proceed  from  the  upper  angles  of  the  uterus, 
are  narrow  and  cord-like  ; but  they  soon  begin  to  enlarge,  and  pro- 
ceeding outwards,  one  on  each  side,  pursue  an  undulatory  course,  and 
at  length,  having  attained  the  width  of  about  a sixth  of  an  inch  or 
more,  they  bend  backwards  and  downwards  towards  the  ovary,  about  an 
inch  beyond  which  they  terminate  in  an  expanded  extremity,  the  margin 
of  which  is  divided  deeply  into  a number  of  irregular  processes  named 
fimbria;  one  of  these,  somewhat  longer  than  the  rest,  is  attached  to  the 


Fig.  333. 


Fig.  333. — Diagrammatic  View  of  the  Utecgs  and  its  Appendages,  as  seen  from 

behind.  (A.  T.)  | 

The  uterus  and  upper  part  of  the  vagina  have  been  laid  open  by  removing  the  posterior 
wall  ; the  Fallopian  tube,  round  ligament,  and  ovarian  ligament  have  been  cut  short,  and 
the  broad  ligament  removed  on  the  left  side  ; u,  the  upper  part  of  the  uterus ; c,  the 
cervix  opposite  the  os  internum  ; the  triangular  shape  of  the  uterine  cavity  is  shown,  and 
the  dilatation  of  the  cervical  cavity  with  the  rugae  termed  arbor  vital ; v,  upper  part  of 
the  vagina  ; od,  Fallopian  tube  or  oviduct  ; the  narrow  communication  of  its  cavity 
with  that  of  the  cornu  of  the  uterus  on  each  side  is  seen  ; l,  round  ligament ; lo,  ligament 
of  the  ovary  ; o,  ovary  ; i,  wide  outer  part  of  the  right  Fallopian  tube  ; / i,  its  fimbriated 
extremity  ; po,  parovarium  ; h,  one  of  the  hydatids  frequently  found  connected  with  the 
broad  ligament. 

outer  end  of  the  corresponding  ovary.  The  wide  and  fringed  end  of  the 
Fallopian  tube,  or  rather  trumpet,  as  the  term  “ tuba  ” literally  signi- 
fies, is  turned  downwards  and  towards  the  ovary,  and  is  named  the 
fimbriated  extremity  (morsus  diaboli).  In  the  midst  of  these  fimbria3, 
which  are  arranged  in  a radiated  manner,  the  tube  itself  opens  by  a 
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round  constricted  orifice,  ostium  cibdominale,  placed  at  the  bottom  of  a 
sort  of  fissure  leading  from  that  fringe  which  is  attached  to  the  ovary. 
It  is  by  this  orifice  that  an  ovum  is  received  at  the  time  of  its  liberation 
from  the  ovary,  and  is  thence  conveyed  along  the  tube,  which  narrows 
very  much  towards  its  uterine  extremity,  and  opens  into  the  womb  by 
a minute  orifice,  admitting  only  a fine  bristle,  and  named  ostium  uteri- 
num. The  canal  becomes  gradually  larger  towards  its  abdominal 
orifice,  where  it  is  again  somewhat  contracted  : hence  the  term  isthmus, 
given  by  Henle  to  the  uterine  half,  and  ampulla  to  the  outer  half  of 
the  Fallopian  tube.  A second  smaller  fimbriated  opening  not  unfre- 
quently  occurs  at  a short  distance  from  the  main  one. 

Beneath  the  external  or  peritoneal  coat  the  walls  of  the  tube  contain, 
besides  areolar  tissue,  plain  muscular  fibres  like  those  of  the  uterus, 
arranged  in  an  external  longitudinal  and  an  internal  circular  layer. 
The  mucous  membrane  lining  the  tubes  is  thrown  into  longitudinal 
plicas,  which  are  broad  and  numerous  in  the  wider  part  of  the  tube,  and 
in  the  narrower  part  are  broken  up  into  very  numerous  arborescent 
processes : it  is  continuous,  on  the  one  hand,  with  the  lining  membrane 
of  the  uterus,  and  at  the  other  end  of  the  tube  with  the  peritoneum  ; 
presenting  an  example  of  the  direct  continuity  of  a mucous  and  serous 
membrane,  and  making  the  peritoneal  cavity  in  the  female  an  exception 
to  the  ordinary  rule  of  serous  cavities,  i.  e.,  of  being  perfectly  closed. 
The  epithelium  in  the  interior  of  the  Fallopian  tube  is,  like  that  of  the 
uterus,  columnar  and  ciliated  ; the  inner  surface  of  the  fimbriae  is  also 
provided  with  cilia,  and  Henle  has  even  detected  ciliated  epithelium  on 
their  outer  or  serous  surface,  but  it  here  soon  passes  into  the  scaly 
epithelium  of  the  peritoneal  membrane.  The  mechanism  by  which  the 
minute  ovum,  when  it  escapes  from  the  ovary,  is  carried  into  the  cavity 
of  the  uterus  is  not  yet  fully  understood.  Neither  the  vascular  tur- 
g'escence  nor  the  muscular  contractions,  which  may  no  doubt  accompanv 
the  passage,  appear  to  be  the  immediate  agents,  and  it  seems  more 
probably  due,  in  greatest  part,  if  not  entirely,  to  the  ciliary  movement 
which  proceeds  in  a direction  downwards  in  the  tube  from  the  fimbri- 
ated extremity,  _ It  does  not  appear  that  there  are  glands,  as  was  at  one 
time  supposed,  in  the  mucous  membrane  lining  the  Fallopian  tubes. 


THE  OVARIES. 

I lie  ovaries  (ovaria,  testes  muliebres),  the  productive  organs  corre- 
sponding more  immediately  to  the  bodies  of  the  testicles  of  the  male 
flattened  oval  bodies,  which  are  placed  one  on  each 
Thev  W tin  ^ nearly  horizontally  across  the  pelvis. 

veloLdbvSeiba?k°f  16  ^'°ad  llgament  of  the  u ter  us,  and  are  en- 
is  frmn  siviv  f P^enor  membranous  layer.  The  weight  of  each  ovary 

inch ^d  a half  f^und,r.ed  gram^  and  they  usually  measure  about  one 
half  an  ineh  in  ti  • e1n°t  ,ee  quarters  of  an  inch  in  width,  and  nearly 
thTneriod  of ^ but  their  size  is  triable,  both  according  to 
Each  ova^vis  It  “V*?*  state  of  §Teater  or  less  functional  activity, 
has  a convex  out  linn  1 i T°-l S1-des’  a^so  al°nS  its  posterior  border,  which 
anterior  border  whirl’  • UVfc  -1Si  Cached  to  the  broad  ligament  by  its 

than  the  other>  and  &>ng  line 

and  nervpR  enter  Tt ' • lblts  a deeP  groove  or  lulus  by  which  the  vessels 
‘ nd  neives  entei.  Its  inner  end  is  generally  narrower  than  the  outer,  and 
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is  attached  to  the  dense  cord  already  described  as  the  ligament  of  the 
ovary,  'which  connects  it  with  the  uterus.  Its  outer  extremity  is  more 
obtuse  and  rounded,  and  has  attached  to  it  the  middle  or  ovarian  fimbria 
of  the  Fallopian  tube. 


Fig.  334.  Fig.  334. — Section  op  the 

prepared  Ovary  op  the 
Cat  (from  Schriin).  | 

1,  outer  covering  and 
free  border  of  the  ovary  ; 
1',  attached  border ; 2,  the 
ovarian  stroma,  present- 
ing a fibrous  and  vascular 
structure  ; 3,  external  fibro- 
nuclear  substance  ; 4,  blood- 
vessels ; 5,  ovigerms  in 
their  earliest  stages  lying 
near  the  surface  ; 6,  ovi- 
germs which  have  begun  to 
enlarge  and  to  pass  more 
deeply  into  the  ovary ; 7, 
ovigerms  round  which  the 
Graafian  follicle  and  tunica 
granulosa  are  now  formed, 
and  which  have  passed 
somewhat  deeper  into  the  ovary  and  are  surrounded  by  firm  fibrous  stroma  ; 8,  more 
advanced  Graafian  follicle  with  the  ovum  imbedded  in  the  cells  of  the  proligerous  disc  ; 
9,  the  most  advanced  follicle  containing  the  ovum,  and  approaching  tho  surface : 9',  a 
follicle  from  which  the  ovum  has  accidentally  escaped  ; 10,  corpus  luteum  presenting 
radiated  columns  of  cellular  structure. 


STRUCTURE  OP  THE  OVARY. 

The  ovary  consists  essentially  in  man,  as  in  all  the  higher  animals,  of 
an  ovarian  stroma,  composed  of  connective  tissue  with  blood-vessels, 
nerves,  and  some  muscular  fibres,  an  outer  epithelial  covering,  and  the 
embedded  Graafian  follicles  with  the  ova. 

The  external  surface  of  the  ovary  is  of  a whitish  colour,  and  in 
early  life  is  comparatively  smooth  and  even ; but  in  later  life  it  becomes 
more  or  less  uneven  and  is  marked  by  pits  and  scars.  It  is  covered  by 
a membrane  which,  though  somewhat  different  in  its  minute  structure, 
is  originally  continuous  with  the  peritoneum. 

The  superficial  epithelium  of  the  ovary  differs  from  that  of  the  peri- 
toneum in  the  neighbourhood  in  being  decidedly  prismatic  or  columnar : 
and  it  gives  to  the  surface  a dull  appearance  as  compared  with  the 
shining  smoothness  of  the  serous  membranes  in  general.  A distinct 
line  of  demarcation  exists  at  the  base  of  the  ovary,  where  the  two  kinds 
of  epithelium  pass  into  each  other.  To  this  ovarian  epithelium,  from 
its  relation  in  early  life  to  the  origin  of  the  ova,  the  name  germ-epithe- 
lium has  been  given  by  some  authors. 

Below  the  outer  membrane  a firm  layer  of  fibrous  tissue,  permeated 
by  the  superficial  blood-vessels,  encloses  all  the  deeper  parts.  This  has 
been  compared  to  the  dense  fibrous  covering  of  the  testicle,  and  thence 
named  tuuica  albuginea  ovarii,  but  without  sufficient  reason,  for  it  is 
not  nearly  so  strong  or  distinct.  It  is  in  fact  no  more  than  a condensed 
part  of  the  ovarian  stroma,  and  not  unfrequently  is  divisible  into 
several  subordinate  layers. 
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The  deeper  substance  of 

elastic  tissue,  and  is  per- 
and  distinct  It  is  a so  m xc  towards  the  hilus  -where  they 

meated  by  Wood-vessels,  which  are  ^ surface.  Along  these 

enter,  and  become  giadually  sm  muscular  fibres 

blood-vessels  in  „ fc;  but  they  do 

run,  having  apparently  enteied  the  ovarian  stroma. 

not  extend  mtothe  “0?.^Pition  Eradiation  of  the  bands  of  stroma 
There  is  a determined  in  the  deeper  part  per- 

tSKS*  but  In  the  superficial  part  modified  by  its 
relation  to  the  Graafian  follicles. 


Fig.  335. 


S 


Fig.  335.— Tortion  of  the  Section  of  the  prepared  Cat’s  Ovary,  represented  in 

THE  PRECEDING  FIGURE,  MORE  HIGHLY  MAGNIFIED  (from  behrbn). 


1,  outer  covering  of  the  ovary  ; 2,  fibrous  stroma;  3,  superficial  layer  of  fibro-nuclear 
substance  ; 3',  deeper  parts  of  the  same  ; 4,  blood-vessels ; 5,  ovigerms  foiming  a 
layer  near  the  surface ; 6,  one  or  two  of  the  ovigerms  sinking  deeper  and  beginning 
to*  enlarge  ; 7,  one  of  the  ovigerms  farther  developed,  now  enclosed  by  a prolongation  or 
the  fibrous  stroma,  and  consisting  of  a small  Graafian  follicle,  within  w hich  is  situa  « 
the  ovum  covered  by  the  cells  of  the  discus  proligerus  ; 8,  a follicle  farther  advance  , 
8',  another  which  is  irregularly  compressed  ; 9,  the  greater  part  of  the  largest  follicle,  in 
which  the  following  parts  are  seen ; a,  cells  of  the  tunica  granulosa  lining  the 
follicle  ; b,  the  reflected  portion  named  discus  proligerus  ; c,  viteRus  or  yelk  part  of  the 
ovum,  surrounded  by  the  zona  pellucida  ; d,  germinal  vesicle  ; e,  germinal  spot. 


Graafian  Follicles. — Immediately  under  the  superficial  covering 
of  the  ovary  there  is  a layer  of  stroma  somewhat  different  from  the 
deeper  parts,  and  which  is  so  uniformly  spread  over  the  organ  as 
to  have  received  the  name  of  cortical  layer.  This  is  particularly 
obvious  in  the  ovaries  of  young  children,  in  whom  this  layer  is  com- 
paratively thick,  and  its  appearance  is  granular  from  the  accumulation 
in  it  of  an  immense  number  of  closely  set  small  vesicles,  constituting 
the  early  condition  of  the  ovarian  or  Graafian  follicles  with  their  con- 
tained ova.  These  more  numerous  and  small  vesicles,  or  follicles,  are 
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stratum  of  the  stroma,  but  somewhat  larger 
observed  in  . u110  distended  with  fluid  and  containing  ova,  are 

S f 6nM'le|-  praters  embedded  in  the  ovarian  stroma  for  a 

or  tint  m - h?/TT  h°  bnt  not  ^tending  to  the  deepest  part 

decnt«U,e  11  " f,!  ?f  ”s  -Becond  6et  of  Graa<“i  follicles,  the 
eepest  are  usually  of  the  largest  size,  or  most  advanced. 

JZthGl’  . ovayies  of  fcmalcs  who  are  approaching  the  period  of 
L hinng  the  whole  of  the  child-bearing  period  of  life,  there 

it  a w ? “/he  surface’  or  even  more  or  less  projecting  upon 
if  ant^Tv  “c.le8fl  of  ^ &om  a twentieth  to  a sixth 

arrivpd  of’  W<  1 ^le  ^he  Graahan  follicles  with  ova  approaching  or 
have  modpafiState  ofuJaturit/*  The  more  advanced  of  these  seem  to 

evnUp  n?  iheir  fr0n| the  deePer  Parfc  bJ  the  absorption  or  at  the 
. pense  of  the  ovarian  substance  between  them  and  the  surface.  They 

ill  remain  covered  at  the  most  projecting  part  by  a thin  layer  of  the 

rnnnS  fl  T?raind,the  ePlthelium-  The  smaller  blood-vessels  running 
lound  the  follicle  from  below,  and  minutely  subdivided  on  its  inner 
suitace,  converge  towards  a point  near  the  middle  of  the  most  project- 
na  P ait,  called  the  stigma.  This  marks  the  spot  where  the  rupture  of 
ie  vesicle  ultimately  occurs,  when  at  the  time  of  full  maturation  the 
vesicle  opens,  and  its  ovum  and  other  contents  escaping  pass  into  the 
open  extremity  of  the  Fallopian  tube.  This  rupture  of  a Graafian 
vesicJe,  or  it  may  be  of  more  than  one,  occurs  in  healthy  females  at 
every  successive  menstrual  period.  After  the  discharge  of  its  contents, 
the  Graafian  follicle  is  rapidly  filled  with  a peculiar  reddish-yellow  mass 
ot  granular  elongated  cells,  which  are  rapidly  developed  in  its  interior 
constituting  the  first  stage  ot  formation  of  the  body  termed  corpus 
luteum.  When  pregnancy  occurs,  this  body  enlarges,  and  becoming  more 
solid,  advances  to  a fuller  stage  of  development,  which  is  maintained 
during  the  greater  part  of  the  time  of  utero-gestation.  But  in  the  un- 
nnpi  egnated  female  the  corpus  luteum  begins  to  retrograde  within 
ten  or  twelve  days  after  its  commencement,  and  afterwards  rapidly 
shrinks  and  ultimately  disappears.  It  thus  happens  that,  without  preg- 
nancy, the  ovaries  may  naturally  present  during  the  whole  of  the  child- 
bearing  period,  of  life  the  corpora  lutea  of  menstruation,  or  their 
vestiges,  in  various  stages  of  advance  or  decline. 

The  Graafian  follicles  in  the  ovary  of  middle  life  are  to  be  found 
in  very  various  stages  of  development.  1st.  By  far  the  most 
numerous  and  the  smallest  lie  in  the  cortical  layer  already  described. 
The  size  of  these  is  remarkably  uniform,  the  largest  scarcely  passing 
two  of  an  inch.  These  exist  from  an  early  period  of  foetal  life,  and  are 
in  such  numbers  that  it  is  estimated  with  great  certainty  that  the 
ovaries  of  a female  child  at  birth  do  not  contain  less  than  70,000 
follicles,  each  one  of  which  contains  an  ovum.  2nd.  In  the  deeper 
stratum  of  the  ovary  is  found  a succession  of  follicles  in  very  much 
smaller  numbers,  and  of  very  various  sizes  from  to  ^ or  even 
To  °f  an  inch.  And  3rd.  There  are  the  larger  and  fewer  follicles  ad- 
vancing to  and  projecting  on  the  surface. 

The  more  advanced  Graafian  follicles  appear  to  have  a very  consistent 
wall  formed  of  the  ovarian  stroma ; but  it  is  doubtful  whether  the 
two  coverings  which  have  been  described  as  belonging  to  them 
deserve  to  be  regarded  structurally  as  distinct  envelopes.  Two  layers 
of  condensed  tissue  may  indeed  be  seen  surrounding  the  cavity  of  the 
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more  developed  follicles.  One  of  these  situated  next  the  cavity  is  com- 
posed of  condensed  fine  connective  tissue  : it  contains  a network  of 


Fig.  336. 


Fig.  336. — Section  op  the  Ovary  op  an  Adult  Bitch  (Waldeyer).  \s 

ft,  germ-epithelium ; b,  ovarian  tubes  or  strings  of  ovigerms  ; c,  c,  earlier  follicles  • 
d,  more  advanced  follicles  ; e,  discus  proligerus  and  ovum  ; /,  second  ovum  in  the 
same  follicle ; g,  alleged  tunica  fibrosa  folliculi  ; h,  tunica  propria  ; i,  follicular 
epithelium  (tunica  granulosa)  ; k,  collapsed  retrograde  follicle  ; l,  blood-vessels  ; m,  m 
longitudinal  and  transverse  sections  of  cellular  tubes  of  the  parovarium  ; y,  involuted 
portion  of  the  genu-epithelium  of  the  surface  ; z,  place  of  the  transition  from  peritoneal 
to  germinal  or  ovarian  epithelium.  1 


finely  divided  capillary  blood-vessels,  and  has  been  named  the  vascu- 
lar, or  proper  tunic  ot  the  follicle.  The  other,  called  the  fibrous  tunic, 
is  moie  s longly  fibrous,  and  forms  a condensed  layer  situated  close  to 
the  hist.  But,  excepting  in  their  greater  degree  of  condensation,  these 
layers  do  not  differ  essential  y from  the  tissue  of  the  ovarian  stroma. 

Tumca  granulosa -Within  the  vascular  or  proper  tunic  of  the 
follicle,  and  adheient  to  its  inner  surface,  there  is  a distinct  lining  of 
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peculiar  opaque  granular  and  prismatic  cells  in  several  layers,  forming 
the  mcmbrana  or  tunica  granulosa  of  authors.  In  the  earliest  stages  of 
formation,  before  the  follicle  has  expanded,  this  layer  of  cells  lies 
close  to  the  ovum,  but  as  the  follicles  enlarge  there  comes  to  be  formed 
within  the  granular  layer  a space  of  variable  size  filled  with  clear  fluid, 
which  holds  a quantity  of  albumen  in  solution,  so  as  to  be  coagulable  by 
heat  and  chemical  re-agents.  The  ovum  is  now  found  to  be  embedded 
in  a thickened  portion  of  this  cellular  layer,  the  cumulus  or  discus  grro- 
ligerus  of  Yon  Baer,  so  as  to  be  placed  near  the  inner  surface  on  one  side 
of  the  follicle.  The  position  of  the  ovum  within  the  follicle  appears  to 
be  subject  to  some  variation.  It  was  formerly  described  as  being  always 
on  the  side  next  the  surface  of  the  ovary  ; but  according  to  more  recent 
observations  it  is  as  frequently  situated  on  the  deeper  side  of  the 
follicle.  The  cells  of  the  tunica  granulosa  and  discus  proligerus  are 
without  distinct  external  walls  ; they  possess  a considerable  quantity 
of  protoplasm  of  an  opaque  or  granular  aspect,  and  are  provided  with 
oval  nuclei.  Near  the  inner  surface  of  the  follicle,  and  on.  the  outer 
surface  of  the  ovum,  they  assume  a more  elongated  prismatic  or  pedi- 
culated  form  than  in  other  parts  of  the  membrane. 

The  ovarian  ovum. — Each  Graafian  follicle  usually  contains  only  a 
single  ovum,  but  occasionally,  though  seldom,  two  ova,  and  very  rarely 
three,  have  been  observed  in  the  same  follicle.  The  ovum,  first  dis- 
covered by  Yon  Baer  in  1827,  is  a spherical,  body  of  about  ^ of  an 
inch  in  diameter,  and  of  an  opaque  yellowish  white  colour.  v>  hen 
fully  formed  it  consists  essentially  of  the  following-parts,  viz  : 1st.,  a 
firm  transparent  external  vesicular  membrane  termed  zona  peUuctda^ , or 
vitelline  membrane ; 2nd.,  a mass  of  granular  protoplasm  filling  the 
vesicle  and  constituting  the  yelk,  yolk  or  vitellus,  m which  a. number  o 
oil  globules  of  variable  size  are  suspended ; 3rd,  embedded  m the  yolk 
protoplasm,  and  situated  on  one  side  near  the  surface,  a small  clear 
vesicle  of  about  ^of  an  inch  in  diameter,  filled  with  a finely  granulai 
fluid,  the  germinal  vesicle  ; and  4th,  within  this  vesicle  a dark  gram 
spot,  of  about  of  an  inch  in  diameter,  the  macula  germmahva. 

■pier  337  Fio-.  337. — Ovum  or  the  Sow  removed  from  the  Graafian 

Follicle,  with  its  cellular  covering  (from  M.  Barry). 

loo 

1,  germinal  spot ; 2,  germinal  vesicle  ; 3,  yolk  ; 4,  zone 
nellucida  or  external  covering  of  the  ovum  ; 5,  part  of 
Se  tunica  granulosa  or  proligerous  disc  ; 6,  some  adherent 

cells. 

The  whole  ovum  was  compared  by  Schwann  to 
an  organic  cell,  and  this  view  is  still  in  general 
maintained  ; the  zona  representing  the  cell  wall, 
the  yolk  the  protoplasmic  cell  contents,  or  their 
nr o duct  the  germinal  vesicle  the  nucleus,  and  the  macula  the  nucleolus. 
1 S part  of  the  ovum  which  is  first  formed  is  the  germinal  vesicle 
or  nucleus,  which,  at  so  early  a period  as  the  tenth  or  eleven  h week  of 
foetal  life,  has  been  observed  to  take  its  ongm  fion  ' . Q 

of  the  epithelial  covering  or  germinal  epitMium  of  the  P ^ ^ > 

by  its  undergdug  “JS^^Z/thus  constitutes  the  first 
form  of  » Graafian  follic'e>  md  follicle  andSerm  n,aybe  c<ms,d<acJ 
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as  arising  simultaneously,  although  doubtless  the  germs  may  be  held 
to  have  had  previous  existence  as  parts  of  the  germinal  epithelium 
covering  the  primordial  structure  of  the  ovary.  By  the  middle  of 
foetal  life,  or  at  the  end  of  the  fifth  month,  the  follicle,  which  is  at 
first  only  a space  for  the  germ  in  the  ovariau  stroma,  has  received 
a simple  lining  of  scattered  cells,  which  afterwards  in  their  more 
developed  form  constitute  the  tunica  granulosa,  and  the  germinal 
vesicle  is  by  the  same  time  surrounded  by  a small  quantity  of  clear 
protoplasm,  or  commencing  yolk,  which  separates  the  vesicle  from  the 
granular  cells.  Still  later  the  zona  pellucida  appears  as  a clear  mem- 
branous covering  of  the  yolk  protoplasm.  By  the  sixth  or  seventh 
month  of  foetal  life  an  immense  number  of  such  small  ova  closely  em- 
braced by  the  enclosing  Graafian  follicles  have  appeared,  so  that  the 
ovary  appears  to  be  almost  entirely  occupied  by  them  ; and  as  they 
may  be  counted  in  prepared  specimens  of  sections,  it  is  easy  to  estimate 
their  number  in  the  entire  ovary.  The  result  of  such  estimates  gives 


Fig.  33S. 


Fig.  338.— Ova  in  different  stages  of  progress  (Waldeyer).  Highly  magnified. 

A,  primordial  ovum  from  human  foetus  of  eight  months  ; B,  early  follicle  of  rabbit 
'With  ovum  enclosed;  C,  the  same  of  the  pigeon  ; D,  another  of  the  same  more  advanced, 
the  secondary  yolk  commencing  ; E,  ovum  of  the  rabbit  from  a follicle  of  i of  an  inch 
in  diameter  ; a,  epithelium  of  the  discus  proligerus  ; b,  zona  pellucida,  showing  radiated 
linear]  structure,  perhaps  too  strongly  marked  ; c,  germinal  vesicle  ; d,  germinal  macula  ; 
e,  yolk  substance  with  fane  granules  and  small  oil  globules. 


an  amount  o not  less  than  30,000  or  40,000  for  each  ovary  of  the 
buman  fcetus  before  birth. . The  formation  of  new  ova  and  Graafian 
follicles  probably  still  continues  for  some  time,  but  at  a much  slower 
rate  than  during  foetal  life. 
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The  zona  pellucida  of  the  mature  ovarian  ovum,  when  viewed  with  a 
low  magnifying  power,  appears  clear  or  homogeneous,  but  according  to 
some  observers,  when  sufficiently  magnified,  it  presents  an  appearance 
of  minute  radial  striation,  which  has  been  considered  to  indicate  in  it 
the  existence  of  a porous  structure,  somewhat  of  the  same  nature  as 
that  which  is  very  obvious  in  the  vitelline  membrane  of  fishes  and  some 
other  animals. 

Through  this  membrane,  as  has  been  proved  by  observations  in 
several  mammiferous  animals,  the  spermatic  filaments  pass  in  order 
to  effect  fecundation ; but  it  is  difficult  to  comprehend  how  they  are 
transmitted,  as  no  micropyle,  or  other  aperture  of  sufficient  size,  has 
yet  been  detected  in  the  zona  of  man  or  Mammals. 


Fig.  339. 


<r  e 6 

I I iff* 


Fi".  339. — Thin  Transverse  Section  op  the  Ovary  op  a Newly  Born  Child. 

Highly  magnified  (Waldeyer). 

a Ovarian  or  germinal  epithelium  ; h,  formation  of  an  ovarian  tube  ; c,  c,  ovigerms 
lying  in  the  germ-epithelium  ; d,  d,  longer  tube  forming  follicles  (according  to  Pfliiger’s 
andValdeyer’s  views)  ; e,  e,' germ -spherules  forming  ova  and  follicles  ; /,  earliest  dis- 
tinctly formed  follicle  with  ovum  and  granular  cells  ; <j , g,  blood-vessels. 


The  germinal  vesicle  with  its  nucleus  or  macula  belongs  to  the 
ovum  only,  while  it  is  still  within  the  Graafian  follicle.  . At  the  time  of 
complete  maturation  of  the  ovum,  and  even  for  a short  time  previous  to 
the  bursting  of  the  wall  of  the  follicle  by  which  the  ovum  escapes, 
the  germinal  vesicle  already  begins  to  become  flaccid  and  collapse, 
and  when  the  ovum  has  escaped  from  the  follicle,  the  vesicle  is  no 
longer  to  be  perceived  in  the  mass  of  granular  protoplasm  which  con- 
stitutes its  germinal  part. 

Formation  of  the  Ovum  and  Graafian  follicle.  —The  mode  of  origin  of 
the  ova  and  Graafian  follicles  will  be  described  under  Development.  As  con- 
nected however,  with  the  structure  of  the  ovary  in  relation  to  the  ova  and 
their  origin,  it  is  proper  to  refer  at  this  place  to  the  view  first  suggested  by 


THE  PAROVARIUM. 


479 


Valentin  (Muller’s  Archiv.,  1838,  p.  526),  and  since  maintained  as  the  result  of 
careful  observation  by  Pfliiger  (1863),  that  the  ova  are  at  first  formed  in  groups 
within  tubes,  which  thus  constitute  an  original  and  characteristic  feature  in  the 
structure  of  the  ovary. 

By  the  elaborate  researches  of  Waldeyer  (Eierstock  und  Ei,  Leipzig,  1870,  and 
in  Strieker’s  Handbuch,  p.  568,)  it  was  ascertained  that  the  ovigerms  or  primordial 
ova  derive  their  origin  from  the  superficial  layer  of  cells  or  germ  epithelium, 
covering  the  mass  of  blastema  which  lies  to  the  inside  of  the  Wolffian  body,  and 
which  constitutes  the  common  geiminal  matrix  of  the  ovary  and  testicle. 
According  to  Waldeyer's  observations,  while  the  ovigerms  themselves  come  from 
the  superficial  epithelium,  and  thus  exist  from  an  early  period  of  foetal  life, 
the  Graafian  follicles  owe  their  origin  to  an  outgrowth  of  the  subjacent  vascular 
connective  tissue  which  constitutes  the  ovarian  stroma.  Brush-like  processes  of 
this  tissue  growing  out  from  the  surface,  involve  in  their  meshes  the  enlarged 
epithelial  cells  which  form  the  commencing  ova,  and  at  the  same  time  enclose 
groups  of  other  less  developed  epithelial  cells,  which  come  to  be  arranged  round 
the  larger  ovigerms,  and  thus  constitute  the  commencement  of  the  cells  of  the 
membrana  granulosa.  According  to  Waldeyer’s  view,  therefore,  both  the  pri- 
mordial ova  and  the  cells  of  the  membrana  granulosa  spring  from  the  germ- 
epithelium  of  the  reproductive  blastema,  while  the  wall  of  the  Graafian  follicle 
is  a production  of  the  vascular  connective  tissue  of  the  stroma. 

A somewhat  different  view  has  been  presented  by  Kolliker,  as  the  result  of 
observations  made  on  the  foetus  of  several  animals  (Sitz.  der  Phys.  Med.  Gesellsch. 
in  Wurtzburg,  May,  1S74)  ; for  while  he  agrees  with  Waldeyer  in  referring  the 
first  origin  of  the  ova  to  the  germ  epithelium,  he  is  inclined  to  consider  the 
membrana  granulosa  as  proceeding  from  other  cellular  elements,  existing  in  con- 
nection with  the  ovarian  stroma.  These  cellular  elements,  he  conceives,  are 
contained  in  a set  of  medullary  cords  or  canals  extending  upwards  into  the  ovary 
from  its  attached  border,  and  they  furnish  the  cellular  coverings  to  the  primor- 
dial ova  by  spreading  outwards  upon  them,  and  enclosing  them,  first  in  groups, 
and  later  each  one  singly.  He  regards  these  cords  as  the  same  which  have  been 
described  as  the  epoophoron  or  remains  of  the  Wolffian  body  in  the  ovary. 

These  different  views  appear  to  be  in  some  measure  reconciled,  and  new  light 
thrown  upon  the  subject,  by  the  independent  observations  of  James  Foulis,  made 
in  the  human  f off  us,  and  in  calves  and  kittens,  and  which,  from  observation  of 
the  specimens,  the  writer  can  in  most  points  confirm  (“  Development  of  Ova  and 
Structure  of  the  Ovary,”  Ac., by  Dr.  James  Foulis,  in  Proceed,  of  Roy.  Soc.  of  Edin., 
April ,1875).  By  these  researches  the  origin  of  the  ovigerms  or  primordial  ova! 
from  the  superficial  germ  epithelium  is  folly  confirmed,  and  the  stroma  of  the 
ovary  is  shown  to  be  produced  by  a direct  growth  from  the  subjacent  tissue 
situated  on  the  median  side  of  the  Wolffian  body.  The  nucleus  of  each  epithelial 
corpuscle  becomes  the  germinal  vesicle  of  the  primordial  ovum  : a nucleolus  soon 
appears  within  (the  macula),  and  a clear  homogeneous  protoplasm  collecting 
round  the  vesicle,  foims  the  commencement  of  the  yolk.  The  enclosure  of  the 
primordial  ova  in  a Graafian  follicle  takes  place  by  the  outgrowth  of  processes 
of  the  connective  tissue  of  the  stroma,  so  that  the  former,  being  surrounded 
beC°me  more  and  more  embedded  in  the  substance  of  the 
n3er  bv^rfme+-W’  dowevei'  the  germ-epithelium  corpuscles  increase  in 
enclosed  sWl™^10?’  fld  iextendlllS'  themselves  inwards  are  in  their  turn 
T Cll!fers  by  the  Presses  of  the  stroma.  But  what  is  most 

foimation  of  the  Lb  “f  if6  observations  is  tbis>  that  Dr.  Foulis  has  traced  the 
nuclear  tbe  membrana  granulosa  to  the  nuclei  of  the  fibro- 

round  each  nrimordinl  ^ ^ ^ stroma’  wkich  gradually  insinuate  themselves 
the  stroma  which  ifte  ' Umj  a processes  of  the  vascular  tissue  of 

tissue  n^ffii'which  farms^  ^R  of  the  follicle.  The  connective- 

but  they  soon  moren^e  h m°und  each  ovigerm  are  comparatively  few  in  number ; 
granulosa  by  which^he  foUiLTlined0^^’  ^ ^ comblete  membrana 

foUowine-  mnvCthe^  ii!1C  f°'UnV  b*  addition  to  the  works  previously  quoted,  the 
volTii  " ^ 611  10ned  : Martin  Barry's  Researches  on  Embryology,  in 
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Phil.  Trans.,  183S  and  188!);  Allen  Thomson,  Article  “Ovum,”  in  Cyclop,  of 
An  at.  and  Fhys.  ; Farre,  “ Uterus  and  Appendages,”  in  the  same  ; Kolliker’s 
Entwickelungs-geschichte  ; Pfliiger,  Die  Eierstocke,  Leipzig,  18(53  ; Schron,  in 
Zeitsch.  f.  Wissensoh.  Zoologie,  vol.  xii.  p.  40!)  ; Grohe,  in  Virchow’s  Arcliiv. 
vol.  xxvi.  p.  271,  and  vol.  xxix.  p.  450  ; Bischoff ’s  Works;  Ilenle,  in  his  Hand- 
bach,  vol.  ii.  ; W.  His,  Die  erste  Entwick.  des  Hnhnchens,  &c.,  18(58  ; Ed.  Van 
Beneden,  in  Mem.  Corn-.,  &c.,  de  l’Acad.  Roy.  de  Belgique,  1870  ; Foster  and 
Balfour,  Elements  of  Embryology,  1874. 

The  ovum  of  mammals  appears  to  have  been  seen  by  Messrs.  Prevost  and 
Dumas  as  early  as  1824,  but  imperfectly  recognised.  Von  Baer  was  undoubtedly 
the  first  clearly  to  point  out  its  nature  and  seat  within  the  Graafian  follicle.  (De 
ovi  Mammal,  et  horn,  genesi,  Lipsise,  1827.)  The  discovery  of  the  germinal  vesicle 
in  the  ovarian  ovum  of  birds  was  made  by  J.  E.  Purkinje  in  1825.  That  of  the 
mammiferous  ovum  was  announced  by  Coste  in  1833,  and  T.  W.  Jones  had  inde- 
pendently observed  it.  The  macula  was  by  discovered  Rud.  Wagner  in  1834. 

Vessels  and  nerves  of  the  ovaries  and  Fallopian  tubes. — The  ovaries  are 
most  directly  supplied  by  the  ovarian  arteries,  analogous  to  the  spermatic  in  the 
male,  which  anastomose  freely  by  an  internal  branch  with  the  termination 
of  the  uterine  arteries.  Sometimes  this  anastomotic  branch  is  so  large  that  the 
ovary  seems  to  be  supplied  almost  entirely  by  the  uterine  artery.  The  ovarian 
artery  always  sends  numerous  branches  to  the  Fallopian  tube.  The  smaller 
arteries  penetrate  the  ovary  along  its  attached  border,  pierce  the  proper  coat, 
and  run  in  flexuous  parallel  lines  through  its  substance.  The  veins  correspond, 
forming  a plexus  near  the  ovary  named  the  pampiniform  plexus.  The  nerves 
are  derived  from  the  spermatic  or  ovarian  plexus ; and  also  from  one  of  the 
uterine  nerves,  which  invariably  send  an  offset  to  the  Fallopian  tube. 

Parovarium. — The  organ  so  named  by  Ivobclt,  or  the  Organ  of  Rosen- 
miiller,  its  first  describer,  is  a structure  which  can  usually  be  brought 
plainly  into  view  by  holding  against  the  light  the  fold  of  peritoneum 
between  the  ovary  and  Fallopian  tube  (see  fig.  333).  It  consists  of  a 
group  of  scattered  tubules  lying  transversely  between  the  Fallopian 
tube  and  ovary,  lined  with  epithelium,  but  having  no  external  open- 
ings. The  tubules  converge,  but  remain  separate  at  their  ovarian  end, 
and  at  the  other  are  more  or  less  distinctly  united  by  a longitudinal 
tube.  The  duct  which  unites  them  is  sometimes  of  considerable  size, 
and  is  prolonged  for  some  distance  downwards,  in  the  broad  ligament. 
Its  more  developed  form  in  some  animals,  as  the  cow  and  pig,  consti- 
tutes the  duct  of  Gaertner,  afterwards  referred  to  as  arising  from  a 
persistent  condition  of  the  Wolffian  duct. 

The  origin  of  this  vestige  of  a foetal  structure  will  be  more  fully 
referred  to  under  Development.  Here  it  is  sufficient  to  state  that  it 
•corresponds  essentially  to  the  epididymis  of  the  male,  and  is  in  the 
female,  therefore,  due  to  the  persistence  of  the  upper  or  sexual  division 
of  the  Wolffian  body,  which  has  been  distinguished  by  Banks,  Dursv, 
and  others  from  the  lower  or  primordial-kidney  part  of  that  organ.  The 
remains  of  the  latter  part  of  the  Wolffian  body,  in  the  male  sex,  consti- 
tuting the  organ  of  Giraldes,  have  been  already  referred  to  in  the  de- 
scription of  the  testicle.  From  the  observations  of  His  in  birds,  and  of 
Waldeyer  in  Mammals,  it  appears  that  vestiges  of  this  structure  are 
also  sometimes  to  be  detected  in  the  adult  female,  in  the  shape  of 
obscure  or  imperfect  tubular  remains,  situated  in  the  broad  ligament 
nearer  to  the  uterus  than  the  parovarium,  and  more  obvious  remains 
of  these  are  very  apparent  in  the  early  stages  of  foetal  life  in  man  and 
most  animals. 
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Witli  a view  to  the  distinction  of  these  several  vestiges  in  the  two  sexes, 
the  following  tabular  enumeration  of  them  is  given,  with  the  names  proposed 
by  Waldeyer  printed  in  italics,  viz.  , 

The  upper  or  uon -glomerular  part  of  the  TV  olffian  body  forms 
1.  In  the  male,  the  Epididymis. 

9 In  the  female,  the  Parovarium,  Organ  of  Rosenmuller,  or  Epoophoron. 

The  lower  or  primordial-kidney  part  of  the  Wolffian  body  forms— 

1.  In  the  male,  the  organ  of  Giraldes,  Parepididymis  or  Paradidymis. 

2.  In  the  female,  the  Paroophoron  (Eierstock  und  Ei.  p 142). 


THE  PERITONEUM. 

The  abdominal  viscera  having  now  been  described,  as  well  as  the 
'disposition  of  the  peritoneum  m relation  to  each  of  them,  it  lemams 
to  give  an  account  of  that  membrane  in  its  whole  extent,  and  to  trace 
its  continuity  over  the  various  parts  which  it  lines  or  covers. 

After  lining  the  anterior  wall  of  the  abdomen,  the  peritoneum  passes 
round  on  either  side  to  the  lumbar  region,  where  it  meets  with  the  right 
and  left  portions  of  the  great  intestine.  On  the  right  side  it  com- 
pletely invests  the  lower  rounded  end  of  the  caecum  with  the  vermiform 
appendix  ; but  the  rest  of  the  caecum  it  covers  only  before  and  on  the 
sides,  a part  of  the  bowel  behind,  of  variable  extent,  being  immediately 
adjacent  to  the  iliac  fascia,  except  in  rare  instances  where  the  mem- 
brane goes  entirely  round  and  forms  a mesocmcum.  It  is  disposed  in  a 
similar  manner  on  the  ascending  colon  which  is  in  immediate  apposition 
with  the  right  kidney  and  other  parts  behind  ; although  here,  too, 
the  investment  may  be  complete  with  a resulting  right  mesocolon. 

Leaving  the  right  colon,  the  peritoneum  gives  a scanty  covering  to 
the  anterior  face  of  the  right  kidney  and  adjoining  third  portion  of  the 
duodenum  where  that  intestine  comes  down  from  behind  the  transverse 
mesocolon  ; lower  down  it  continues  over  muscles  and  vessels  to  the 
root  of  the  mesentery,  advances  forwards  to  form  the  right  layer  of  that 
process,  turns  round  the  jejunum  and  ileum,  affording  them  their  perito- 
neal coat,  and  returns  back  to  the  vertebrae,  thus  completing  the  mesen- 
tery on  the  left  side.  The  membrane  now  reaches  the  left  colon,  first 
passing  in  front  of  the  left  kidney,  which  being  less  covered  by  colon 
than  the  right  one,  gets  more  of  the  peritoneum.  After  investing  the 
left  colon  much  in  the  same  manner  as  the  right,  the  peritoneum,  thus 
traceable  horizontally  round  the  abdomen,  is  continued  over  the  lateral 
wall  on  the  left  side.  Where  the  colon  forms  its  sigmoid  flexure  it  is 
' completely  invested  by  peritoneum,  which  attaches  it  by  a compara- 
tively free  and  moveable  sigmoid  mesocolon  to  the  fascia  of  the  left 
iliac  fossa. 

From  this  part,  and  from  the  lower  end  of  the  mesentery  the  peri- 
toneum is  continued  into  the  pelvis.  It  there  invests  the  upper  part  of 
the  rectum  completely,  forming  a meso-rectum  behind.  Lower  down 
the  membrane  gradually  quits  the  intestine,  first  behind,  then  at  the 
sides,  and  finally  in  front,  whence  it  is  reflected  on  the  inferior  fundus 
and  posterior  part  of  the  bladder  in  the  male,  and  forms  here  the  recto- 
vesical pouch , the  mouth  of  which  is  bounded  by  a crescentic  fold  on  each 
side,  but  larger  on  the  left,  the  two  being  named  pliccs  semilunares.  From 
the  superior  fundus  the  peritoneum  passes  to  the  recti  muscles.  Here 
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it  covers  the  remains  of  the  urachus  in  the  median  line,  and  the  closed 
umbilical  artery  on  either  side,  which  as  it  passes  from  the  os  pubis  to 
the.  abdominal  wall  raises  the  peritoneum  into  a well-marked  fold,  sepa- 
rating two  shallow  pits  named  internal  and  external  im/uinal  pouches 
(more  fully  described  with  the  special  anatomy  of  tlie  groin).  In  the 
female  the  peritoneum  passes  from  the  rectum  to  the  upper  part  of  the 
vagina,  and  over  the  posterior  and  anterior  surfaces  of  the  uterus,  whence 
it  goes  to  the  bladder.  The  recto-vaginal  pouch,  like  the  recto-vesical,  is 
bounded  above  by  its  semilunar  folds,  and  the  uterine  peritoneum  forms 
at  the  sides  the  broad  ligaments  of  the  uterus,  along  the  upper  border 
of  which  the  Fallopian  tubes  receive  from  it  a serous  covering  ; but  at 
their  fimbriated  openings  the  peritoneum  is  continuous  with  the  mucous 
membrane  lining  the  tubes. 

The  peritoneum,  on  being  traced  to  the  upper  part  of  the  abdomen,  is 
found  to  line  the  vault  of  the  diaphragm,  adhering  moderately  to  the 
muscular  and  firmly  to  the  tendinous  part,  and  continuing  down 
behind  as  far  as  the  hinder  border  of  the  liver  and  the  oesophageal 
opening.  It  then  passes  forward  on  the  liver,  forming  the  falciform, 
coronary,  and  lateral  ligaments  of  that  organ,  already  specially 
described. 

Turning  round  the  anterior  border  it  passes  back  on  the  under 
surface,  but  after  covering  the  lobulus  quadratus,  and  arriving  at  the 
transverse  fissure,  it  meets  with  a peritoneal  layer  from  behind,  and  in 
association  with  it,  stretches  from  the  liver  to  the  stomach,  to  form  the 
lesser  omentum,  as  will  be  presently  explained.  To  the  right  of  this 
part  it  invests  the  gall-bladder,  more  or  less  completely,  and  the  under 
surface  of  the  right  lobe,  gives  a complete  covering  to  the  adjacent 
part  of  the  duodenum,  and  passes  to  the  upper  end  of  the  right 
kidney,  forming  here  a slight  fold,  named  hepato-renal  ligament.  It 
then  covers  the  hepatic  flexure  of  the  colon,  and  reaches  the  right 
colon,  on  which  it  has  been  already  traced.  To  the  left  of  the  trans- 
verse and  the  longitudinal  fissure  the  peritoneum  invests  the  whole  of 
the  left  lobe,  and  stretches  out  as  the  long  left  lateral  ligament  above 
and  beyond  the  oesophageal  opening.  It  then  passes  down  over  that 
opening  and  covers  the  front  and  left  side  of  the  gullet,  spreads 
over  the  left  end  of  the  stomach,  where  it  passes  off  to  invest  the 
spleen,  forming  a duplicature  named  the  gastro-splenic  ligament,  or 
gastro-splenic  omentmn,  for  it  is  connected  below  with  the  great 
omentum,  and  often  reckoned  as  a part  of  it.  "When  the  membrane 
passes  from  the  diaphragm  to  the  oesophagus  it  forms  a small  duplica- 
ture in  the  angle  between  them,  named  the  gastro-plirenic  ligament ; 
it  extends  also  as  a stout  and  well-marked  fold  (the  costo-  or  phreno- 
colic  ligament)  from  the  diaphragm  opposite  the  tenth  and  eleventh 
ribs  to  the  splenic  flexure  of  the  colon,  then  passes  over  the  splenic 
flexure,  and  reaches  the  left  kidney  and  descending  colon,  where  it  has 
been  already  described. 

Omenta. — The  arrangement  of  the  remaining  part  of  the  peritoneum 
— that  between  the  stomach,  liver,  and  transverse  colon — is  somewhat 
complex,  in  consequence  of  the  membrane  forming  in  this  situation  a 
second  and  smaller  sac,  which  communicates  towards  the  right  with  the 
general  cavity  by  a narrow  throat,  named  the  foramen  of  Winslow. 
This  passage,  which  readily  admits  a finger,  is  situate  behind  the  bundle 
of  hepatic  vessels  which  stretches  between  the  liver  and  commencing  duo- 
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denum ; behind  the  orifice  is  the  vena  cava ; it  is  bounded  above  by 


Fig.  340,  A. — Diagrammatic  Outline  of  a 

SUPPOSED  SECTION  OF  THE  BODY,  SHOWING 

THE  INFLECTIONS  OF  THE  PERITONEUM  IN 

the  Female  (Allen  Thomson).  J 

The  upper  part  of  the  section  is  a little  to 
the  right  of  the  mesial  plane  of  the  body, 
through  the  quadrate  and  Spigelian  lobes  of 
the  liver ; below,  it  is  supposed  to  be  mesial : 
l c,  placed  above  the  diaphragm  opposite  to 
the  coronary  ligament  of  the  liver  ; l,  the 
liver  ; l',  lobe  of  Spiegel  ; s,  stomach  ; c, 
transverse  colon  ; i,  the  small  intestine  ; 
p a,  pancreas  ; a,  the  aorta  ; cl,  the  duode- 
num ; v,  urinary  bladder  ; u,  uterus  ; r, 
rectum  ; ?•',  its  middle  part  opened  ; v a, 
vagina ; p,  p,  the  parietal  peritoneum  lining 
the  front  and  back  of  the  abdominal  cavity  ; 
the  line  representing  the  inflections  of  the 
greater  sac  of  the  peritoneum  will  be  traced 
from  the  neighbourhood  of  l c,  where  it 
passes  on  the  upper  surface  of  the  liver  over 
the  upper  and  lower  siu-faces  of  that  organ, 
in  the  front  of  g h,  the  gastro-hepatie  omen- 
tum, over  the  front  of  the  stomach,  down 
to  o',  the  outer  layer  of  the  great  omentum, 
whence  it  passes  back  to  the  vicinity  of 
the  pancreas,  and  re-descends  as  the  upper 
layer  of  the  transverse  meso-colon  ; after 
enclosing  the  colon  it  returns  on  the  lower 
surface  of  the  transverse  meso-colon,  m c,  to 
the  root  of  the  mesentery,  m ; it  now  forms 
the  mesentery  and  encloses  the  small  in- 
testine, returning  to  the  posterior  wall  of 
the  abdomen,  whence  it  passes  over  the 
rectum,  r,  descends  into  the  recto-vaginal 
pouch,  u',  covers  the  back  and  front  of 
the  uterus  and  the  bladder  partially,  and 
regains  the  anterior  abdominal  wall  above 
the  pubes.  As  connected  with  the  lesser 
sac  of  the  peritoneum,  w marks  the  posi- 
tion of  the  foramen  of  Winslow  as  if  seen 
beyond  the  section  ; the  lesser  sac,  with 
the  cavity  of  the  omentum,  is  shaded 
with  horizontal  lines,  and  is  marked  o o : 
round  this  space  the  line  of  the  peri- 
toneum may  be  traced  from  the  diaphragm 
over  the  lobe  of  Spiegel,  to  the  back  of  the 
gastro-hepatie  omentum,  thence  behind  the 
stomach  and  down  into  the  great  omen- 
tum ; it  then  ascends  to  the  pancreas, 
which  it  covers,  and  thence  reaches  again 
the  diaphragm. 

B is  a sketch  of  part  of  a section  similar 
to  that  of  A,  but  showing  the  view  more 
commonly  taken,  according  to  which  the 
two  layers  of  the  meso-colon  are  continuous 
with  the  posterior  pair  of  the  layers  of  the 
great  omentum. 

Spigelian  lobe  where  joined  by 
the  lobulus  caudatus ; its  lower 
boundary  is  formed  by  the  duo- 
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dennm  and  a curve  of  the  hepatic  artery.  From  this  opening  the 
lesser  sac  spreads  out  to  the  left  behind  the  general  or  main  sac 
of  the  peritoneum.  It  covers  a part  of  the  posterior  abdominal 
Avail,  but  in  front  and  below  it  is  applied  to  the  back  of  the  main 
sac,  to  which  it  adheres  except  where  the  stomach  is  interposed. 
Moreover,  it  indents,  as  it  were,  the  back  of  the  main  sac,  and 
between  the  stomach  and  colon  protrudes  into  it  in  form  of  a great 
pouch — the  bag  of  the  omentum, — which  thus  has  a double  coat, 
formed  by  the  apposition  of  the  membranes  of  both  sacs.  To  trace  this 
arrangement  more  particularly  : suppose  a finger  pushed  into  the 
foramen  of  Winslow,  and  the  thumb  brought  to  meet  it  from  before,  to 
the  left  of  the  hepatic  vessels;  the  membrane  held  between  is  double  ; 
its  anterior  layer  (from  the  greater  sac),  turns  round  the  hepatic 
vessels  into  the  foramen,  and  then  belongs  to  the  lesser  sac.  The 
double  membrane,  so  constituted,  is  the  lesser  or  hepato-gastric  omentum. 
From  the  point  indicated  it  may  be  followed  to  the  transverse  fissure  of 
the  liver,  where  its  laminae  separate,  the  anterior,  which  has  already 
been  traced  from  above,  spreading  on  the  adjacent  part  of  the  liver, 
the  posterior  covering  the  lobulus  Spigelii,  where  it  will  be  again  met 
with.  The  attachment  of  the  combined  layers  continues  backwards 
from  the  left  end  of  the  transverse  fissure  along  the  fossa  ductus  venosi 
to  the  diaphragm,  on  which  it  runs  a short  way  to  reach  the  oesophagus, 
where  the  anterior  lamina  covers  the  end  of  that  tube  in  front  and  on 
the  left,  and  the  posterior  lamina  invests  it  on  the  right  and  behind. 
From  this  point,  as  far  as  the  pylorus,  the  lesser  omentum  is  attached 
to  the  lesser  curvature  of  the  stomach,  where  its  laminae  separate — one 
covering  the  anterior  and  the  other  the  posterior  surface  of  the  organ — 
but  meeting  again  at  the  great  curvature,  they  pass  down  in  conjunction 
to  a variable  distance  before  the  small  intestine  to  form  the  anterior 
part  of  the  great  omental  sac,  and  then  turn  up  to  form  its  posterior 
Avail.  Meeting  next  with  the  transverse  colon,  the  two  laminae  separate, 
and  enclose  that  intestine,  but  meet  again  behind  it  to  form  the  trans- 
verse mesocolon.  This  extends  back  to  the  lower  border  of  the  pancreas, 
from  which  its  inferior  layer  is  continued  down  over  the  posterior  wall 
of  the  abdomen,  and  forms  the  mesentery,  Avhere  it  has  been  already 
recognised.  The  superior  layer,  on  the  other  hand,  which,  as  will 
be  understood,  belongs  to  the  lesser  sac,  covers  the  front  of  the 
pancreas,  the  coeliac  artery  and  its  main  divisions  with  the  adjacent 
part  of  the  diaphragm,  and  may  extend  to  the  left  end  of  the  pancreas 
and  lower  end  of  the  spleen,  partially  investing  the  latter  organ  and 
forming  part  of  the  gastro-splenic  ligament.  It  then  goes  forward 
on  the  lobulus  Spigelii  to  the  transverse  fissure,  and  the  line  of  attach- 
ment of  the  lesser  omentum  of  which  it  then  becomes  the  under 
layer.  More  to  the  right  the  layer  in  question  passes  over  the  vena 
cava,  and  continues  into  the  general  peritoneum  beyond  the  foramen 
of  Winslow.  The  gastric  and  hepatic  arteries,  especially,  the.  former 
(Huschke),  may  raise  the  membrane  into  folds  which  project  into  the 

From  the  description  given  it  will  be  understood  that,  as  the 
sides  or  walls  of  the  great  omental  bag  consist  of  two  peritoneal 
layers,  its  whole  thickness  (in  its  usually  empty  and  collapsed 
state)  will  comprehend  four  layers.  But  although  the  bag  may  be 
inflated  in  its  whole  extent  in  the  infantile  body,  its  sides  afterwards 
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cohere,  and  ifc  becomes  impervious  in  its  lower  part.  Fat,  moreover, 
accumulates  between  its  lamina;  ; long  slender  blanches  also  pass  down 
into  it  from  the  gastro-epiploic  vessels.  . 

The  part  of  the  membrane  just  described,  which  is  attached  to  the 
o-reat  curvature  of  the  stomach  and  transverse  colon,  which  is  con- 
nected also  with  the  gastro-splenic  ligament  (01  omentum),  is  usually 
named  the  great  or  gastro-colic  omentum.  This  may  reach  the  hepatic 
flexure,  and  pass  a certain  way  down  on  the  right  colon,  and  this  part 
has  been  distinguished  by  Haller  and  otheis  as  the  omentum  col icum . 
The  great  omentum  (proper)  usually  reaches  lower  down  at  its  left 
border,  and  it  is  said  that  omental  inguinal  hemicC  are  moie  common 
on  the  left  side. 

The  description  now  given  of  the  relation  of  the  omentum  to  the 
meso-colon  agrees  with  the  appearances  most  frequently  seen  in  the 
adult  subject,  and  with  the  account  usually  given  in  English  works  of 
Anatomy;  the  exterior  (here  also  posterior)  layer  of  the  great  omentum 
being  described  as  separating  from  the  layer  within,  belonging  to  the 
omental  sac,  when  it  reaches  the  transverse  colon  so  as  to  pass  behind 
or  below  that  viscus,  and  as  proceeding  from  thence  backwards  to  the 
abdominal  wall  as  the  posterior  or  lower  layer  of  the  transverse  meso- 
colon. It  was,  however,  long  ago  pointed  out  by  Haller,  and  the  view  has 
been  confirmed  by  the  observations  of  J.  F.  Meckel,  J.  Muller,  Hansen, 
and  Huschke,  that  in  the  foetus,  and  occasionally  in  the  child,  or  even 
in  the  adult,  the  two  ascending  layers  of  the  omentum,  though  adherent 
to  the  transverse  colon,  may  be  separated  from  it  and  from  the  trans- 
verse meso-colon,  so  as  to  demonstrate  that  the  transverse  meso-colon 
is  really  a distinct  duplicature  of  peritoneum.  This  view  has  been 
adopted  by  Holden  and  Luschka  in  their  more  recent  works,  and  has 
been  verified  by  Allen  Thomson.  Figures  340  A,  and  B,  show  diagram- 
matically  the  difference  of  the  two  views. 

It  appears,  therefore,  that  a portion  of  peritoneum,  which  in  the  foetus  passes 
above  the  transverse  colon  to  the  back  of  the  abdomen,  and  is  thence  reflected 
forwards  as  the  upper  layer  of  the  meso-colon,  disappears  in  the  adult ; the  peri- 
toneal layers  between  which  it  was  interposed  having  cohered  to  form  the  trans- 
verse meso-colon.  It  is  conceivable  that  the  foetal  duplicature  may  be  obliterated 
by  absorption  of  its  substance  as  the  adhesion  goes  on  between  the  layers, 
between  which  it  is  placed  ; or,  more  probably  perhaps,  it  may  be  drawn  or 
pushed  forward  from  its  place  in  the  progress  of  visceral  development,  and  thus 
effaced. 
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MAMMARY  GLANDS. 

The  mammary  glands  (mammas),  which  yield  the  milk  in  the  female, 
are  accessory  parts  to  the  reproductive  system.  They  give  a name  to  a 
large  class  of  animals  (Mammalia),  which  are  distinguished  by  the  pos- 
session of  these  organs.  When  fully  developed  in  the  human  female, 
they  form,  together  with  the  integuments  and  a considerable  quantity 
of  fat,  two  rounded  eminences  (the  breasts)  placed  one  at  each  side  on 
the  front  of  the  thorax.  These  extend  from  the  third  to  the  sixth  or 
seventh  rib,  and  from  the  side  of  the  sternum  to  the  axilla.  A little 
below  the  centre  of  each  breast,  on  a level  with  the  fourth  rib,  or  a 
little  lowey,  projects  a small  conical  body  named  the  nijiple  (mammilla), 
which  points  somewhat  outwards  and  upwards.  The  surface  of  the 
nipple  is  dark,  and  around  it  there  is  a coloured  circle  or  areola,  within 
which  the  skin  is  also  of  a darker  tinge  than  elsewhere.  In  the  virgin, 
these  parts  are  of  a rosy  pink  colour,  differing  somewhat  according  to 
the  complexion  of  the  individual,  and  they  are  always  darker  in  women 
who  have  borne  children.  Even  in  the  second  month  of  the  first  preg- 
nancy, the  areola  begins  to  enlarge  and  acquire  a darker  tinge  ; these 
changes  go  on  increasing  as  gestation  advances,  and  are  regarded  as 
signs  to  be  relied  on  in  judging  of  suspected  pregnancy.  After  lactation 
is  over,  the  dark  colour  subsides,  but  never  entirely  disappears.  The 
skin  of  the  nipple  is  marked  with  many  wrinkles,  and  is  covered  with 
papillae  ; besides  this,  it  is  perforated  at  the  tip  by  numerous  foramina, 
which  are  the  openings  of  the  lactiferous  ducts  : "and  near  its  base,  as 
well  as  upon  the  surface  of  the  areola,  there  are  scattered  rounded  ele- 
vations, which  are  caused  by  the  presence  of  little  glands  with  branched 
ducts,  four  or  five  of  which  open  on  each  elevation.  The  tissue  of  the 
nipple  contains  a large  number  of  vessels,  together  with  much  plain 
muscular  tissue,  and  its  papillae  are  highly  sensitive  ; it  becomes  firmer 
and  more  projecting  from  mechanical  excitement, — a change  mainly 
caused  by  contraction  of  the  muscular  fibres,  which  form  concentric 
circles  round  the  base,  and  some  radiating  bands  running  from  base  to 
apex  of  the  nipple. 

The  base  of  the  mammary  gland  is  somewhat  oval,  flattened,  or 
slightly  concave,  and  has  its  longest  diameter  directed  upwards  and 
outwards  towards  the  axilla.  The  gland  lies  in  connective  tissue  con- 
tinuous with  the  superficial  fascia,  its  base  resting  on  the  pectoral 
muscle,  and  separated  from  it  by  a layer  of  firm  areolar  tissue  con- 
tinuous with  the  deep  fascia.  The  thickest  part  of  the  gland  is  near  the 
centre,  opposite  the  nipple. 

On  the  surface,  and  penetrating  also  between  the  lobes,  there  is  a 
large  quantity  of  fat,  which  mainly  gives  the  full  and  smoothly  rounded 
form  to  the  gland.  This  fat  is  of  a firm  consistence  and  bright  yellow 
colour,  and  is  subdivided  into  lobules  by  partitions  of  connective  tissue. 
It  is  entirely  absent  from  the  nipple  and  areola. 

STRUCTURE  OF  THE  MAMMA. 

The  glandular  substance  of  the  mamma  consists  of  numerous  distinct 
lobes  held  together  by  firm  intervening  fibrous  or  areolar  tissue,  and 


STRUCTURE  OF  THE  MAMMA. 


487 


haying  adipose  tissue  penetrating  between  them.  Each  of  these  lobes 
is  provided  with  an  excretory  duct,  and  is  subdivided  into  smaller  lobes, 
and  these  again  into  smaller  and  smaller  lobules,  which  are  flattened 
or  depressed,  and  are  united  by  areolar  tissue,  blood-vessels,  and  ducts. 
The  substance  of  the  lobules  is  of  a pale  reddish  cream-colour, 
especially  as  contrasted  with  the  adjacent  fat,  and  is  rather  firm.  It 
is  composed  principally  of  the  vesicular  commencements  of  the  lacti- 
ferous ducts,  which  appear  like  clusters  of  small  rounded  vesicles, 
having  a diameter  from  ten  to  thirty  times  as  great  as  that  of  the 
capillary  vessels  by  which  they  are  surrounded.  These  vesicles  open 
into  the  smallest  branched  ducts,  which,  uniting  together  to  form  others 
of  larger  size,  finally  end  in  a single  excretory  canal  corresponding 


Fig.  341. 


Fig.  341. — Dissection  op  the  lower  half  op  the  Female  Mamma  during  the 
period  op  Lactation  (from  Luschka).  § 

a,  a,  a,  undissected  part  of  the  mamma  ; 1,  the  mammilla  ; 2,  areola  ; 3,  sub- 
cutaneous masses  of  fat ; 4,  reticular  loculi  of  the  connective  tissue  which  support  the 
glandular  substance  and  contain  the  fatty  masses  ; 5,  three  lactiferous  ducts  passing 
towards  the  mammilla  where  they  open  j () , one  of  the  sinus  lactei  or  reservoirs  ; 
7 , some  of  the  glandular  lobules  which  have  been  unravelled  ; 7',  others  massed  together.” 

to  one  of  the  chief  subdivisions  of  the  gland.  The  canals  formed 
thus  are  named  the  galactopliorous  ducts,  and  are  from  fifteen  to 
twenty  in  number  ; they  converge  towards  the  areola,  beneath  which 
they  become  considerably  dilated,  especially  during  lactation,  so  as  to 
form  ampul  I cc  or  smuscs  two  or  even  three  lines  wide,  which  serve  as  small 
temporary  reservoirs  for  the  milk.  At  the  base  of  the  nipple  all  these 
ducts,  again  reduced  in  size,  are  assembled  together,  those  in  the  centre 
being  the  largest,  and  then  proceed,  side  by  side,  surrounded  by  areolar 
tissue  and  vessels,  and  without  communicating  with  each  other,  to  the 
summit  of  the  mammilla,  where  they  open  by  separate  orifices  ; these 
orifices  are  seated  in  little  depressions,  and  are  smaller  than  the  ducts 
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to  which  they  respectively  belong  The  walls  of  the  ducts  are  composed 
ot  areolar  tissue,  with  longitudinal  and  circular  elastic  fibres.  Both 
the  terminal  vesicles  and  the  ducts  are  lined  with  short  columnar  epi- 
thelium, which  passes  into  the  flat  kind  near  the  external  openings  on 
the  nipple. 


Fig.  342. — Magnified  Views  of  the  Glandular  Substance  of  the  Mamma  during 
the  period  of  Lactation  (from  Henle). 

A,  section  of  a small  lobule  of  the  gland,  magnified  60  diameters  ; 1,  stroma  of  con- 
nective tissue  supporting  the  glandular  tissue  ; 2,  terminal  ramuscule  of  one  of  the  gland- 
tubes  ; 3,  glandular  vesicles. 

B,  four  glandular  vesicles  magnified  200  diameters,  showing  the  lining  epithelial  cells 
and  some  milk-globules. 

Difference  according  to  sex. — The  mamma  begins  to  be  formed 
as  early  as  the  fourth  month  of  foetal  life,  but  its  subsequent  growth 
is  comparatively  tardy.  At  the  third  or  fourth  year  of  infancy,  there  is 
little  or  no  difference  in  maie  and  female  children.  The  fuller  develop- 
ment of  the  gland  in  the  female  occurs  only  towards  puberty. 

In  the  adult  male  the  mammary  gland  and  all  its  parts  exist,  but 
quite  in  a rudimentary  state,  the  gland  itself  measuring  only  from  six 
to  nine  lines  across,  and  two  lines  thick,  instead  of  four  inches  and  a 
half  wide  and  one  and  a half  thick,  as  in  the  female.  Occasionally  the 
male  mamma,  especially  in  young  subjects,  enlarges  and  gives  out  a 
thin  watery  fluid  ; and,  in  some  rare  cases,  it  has  secreted  milk.  (W. 
Gruber,  On  the  Male  Mamma,  in  Mem.  of  the  Petersburg  Acad.,  186G.) 

Blood-vessels  and  Nerves. — The  arteries  which  supply  the  mam- 
mary glands  are  the  long  thoracic  and  some  other  branches  of  the 
axillary  artery,  the  internal  mammary,  and  the  subjacent  intercostals. 
The  veins  have  the  same  denomination.  Haller  described  a sort  of 
anastomotic  venous  circle  surrounding  the  base  of  the  nipple  as  the 
drculus  venosus.  The  nerves  proceed  from  the  anterior  and  middle 
intercostal  cutaneous  branches. 

Varieties. — Two  or  even  tliree  nipples  have  been  found  on  one  gland.  An 
additional  mamma  is  sometimes  met  with,  and  even  four  or  five  have  been 
observed  to  co-exist  ; the  supernumerary  glands  being  most  frequently  near  the 
ordinary  pair,  but  sometimes  in  a distant  part  of  the  body,  as  the  axilla,  thigh, 
or  back. 
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THE  CEREBRO- SPINAL  AXIS. 

Under  this  head  it  is  intended  to  describe  the  Central  Organs  of  the 
Nervous  System,  both  as  regards  their  general  conformation  and  then 
minute  structure.  The  central  ganglia  of  the  sympathetic  system  have 
been  described  along  with  the  sympathetic  nerves.  _ . f 

The  cerebrospinal  axis  is  contained  partly  withm  the  cavity  of  the 
cranium,  and  partly  within  the  vertebral  canal ; it  is  divided  by  anato- 
mists into  the  brain  or  encephalon,  and  the  enlarged  upper  mass  placed 
within  the  cranium,  and  the  spinal  coni  contained  within  the  vertebral 
canal.  It  is  symmetrical  in  . its  form  and  structure  throughout,  con- 
sisting of  a right  and  a left  half,  separated  to  a certain  extent . by 
longitudinal  fissures,  and  presenting,  in  their  plane  of  union,  various 
portions  of  white  and  grey  nervous  substance  which  cross  from  one 
side  to  the  other,  and  form  the  commissures  of  the  brain  and  spinal  cord. 

Enclosed  within  the  skull  and  the  vertebral  canal,  the  cerebro-spmal 
axis  is  protected  by  the  bony  walls  of  those  two  cavities  ; it  is  also 
surrounded  by  three  membranes,  which  afford  it  additional  protection 
and  support,  and  are  subservient  to  its  nutrition.  These  envelopes, 
which  will  be  described  hereafter,  are,  1st,  a dense  fibrous  membrane 
named  the  dura  mater,  which  is  placed  most  superficially  ; 2nd,  a serous 
membrane  called  the  arachnoid  ; and,  3rd,  a highly  vascular  mem- 
brane named  the  pia  mater,  which  is  next  to,  and  closely  invests  the 
surface  of  the  brain  and  cord. 


A. — SPINAL  CORD. 

EXTERNAL  FORM. 

The  spinal  cord,  or  spinal  marrow  (medulla  spinalis),  is  that  part  of 
the  cerebro-spinal  axis  which  is  situated  within  the  vertebral  canal.  It 
extends  from  the  margin  of  the  foramen  magnum  of  the  occipital  bone 
to  about  the  lower  part  of  the  body  of  the  first  lumbar  vertebra.  Above, 
it  is  continued  into  the  medulla  oblongata  ; below,  it  ends  in  a slender 
filament,  the  Mum  terminale  or  central  ligament  of  the  spinal  cord 
(fig.  344  b'). 

Invested  closely  by  a proper  membrane  (the  pia  mater),  the  cord  is 
enclosed  within  a sheath  (theca)  considerably  longer  and  larger  than 
itself,  formed  by  the  dura  mater,  and  separated  from  the  walls  of  the 
canal  by  numerous  venous  plexuses,  and  much  loose  areolar  tissue 
(fig.  345).  Between  the  dura-matral  sheath  and  the  pia  mater  is 
another  membrane  (the  arachnoid),  and  between  the  latter  and  the  pia 
mater  is  a fluid  called  the  cerebro-spmal  fluid.  Within  this  space  the 
cord  is  kept  in  position  by  proper  ligaments,  which  fix  it  at  different 
points  to  its  sheath,  and  by  the  roots  of  the  spinal  nerves, — an  anterior 
and  a posterior  root  belonging  to  each, — which  pass  across  the  space 
from  the  surface  of  the  cord  towards  the  intervertebral  foramina.  From 
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its  lower  part,  where  they  are 
closely  crowded  together,  the  roots 
of  the  lumbar  and  sacral  nerves 
descend  nearly  vertically  to  reach 
the  lumbar  intervertebral  and  the 
sacral  foramina,  and  form  a large 
bundle  of  nervous  cords  named  the 
caudn  equina , which  occupies  the 
vertebral  canal  below  the  termina- 
tion of  the  cord  (17,  fig.  345). 

Fig.  343.  — View  op  the  Cerebro- 
spinal Axis  op  the  Nervous  System 

(after  Bourgery).  I 

The  right  half  of  tlie  cranium  and 
trunk  of  the  body  has  been  removed  by 
a vertical  section  ; the  membranes  only  of 
the  brain  and  spinal  marrow  have  been 
removed,  and  the  roots  and  first  part  of 
the  fifth  and  ninth  cranial,  and  of  all 
the  spinal  nerves  of  the  right  side,  have 
been  dissected  out  and  laid  separately  on 
the  wall  of  the  skull  and  on  the  several 
vertebrae  opposite  to  the  place  of  their 
natural  exit  from  the  cranio-spinal  cavity. 

F,  T,  0,  lateral  surface  of  the 
cerebrum  ; C.  cerebellum  ; P,  pons 
Yarolii  ; m o,  medulla  oblongata  ; m s, 
upper  and  lower  extremities  of  the  spinal 
marrow  ; c c,  on  the  last  lumbar  ver- 
tebral spine,  marks  the  cauda  equina  ; v, 
the  three  principal  branches  of  the  nervous 
trigeminus  or  fifth  pair  ; C i,  the  sub- 
occipital  or  first  cervical  nerve  ; above 
this  is  the  ninth  pair  ; C vm,  the  eighth 
or  lowest  cervical  nerve  ; D i,  the  first 
dorsal  nerve  ; D xn,  the  last  or  twelfth  ; 

L i,  the  first  lumbar  nerve  ; L v,  the  last 
or  fifth  ; S i,  the  first  sacral  nerve  ; S v, 
the  fifth  ; Co  i,  the  coccygeal  nerve  : s, 
the  left  sacral  plexus. 

Although  the  cord  usually  ends 
near  the  lower  border  of  the  body  of 
the  first  lumbar  vertebra,  it  sometimes 
terminates  a little  above  or  below 
that  point,  as  opposite  to  the  last 
dorsal  or  to  the  second  lumbar  verte- 
bra. The  position  of  the  lower  end  of 
the  cord  also  varies  according  to  the 
state  of  curvature  of  the  vertebral 
column,  in  the  flexion  forwards  of 
which,  the  end  of  the  cord  is  slightly 
raised.  In  the  foetus,  at  an  early 
period,  the  cord  occupies  the  whole 
length  of  the  vertebral  canal  : but. 
after  the  third  month,  the  canal  and 
the  roots  of  the  lumbar  and  sacral 
nerves  begm  to  grow  more  rapidly 
than  the  cord  itself,  so  that  at  birth 
the  lower  end  reaches  only  to  the 
third  lumbar  vertebra. 
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Fig.  344. — Anterior  and  Posterior  Views  op 

the  Medulla  Oblongata  and  Spinal  Cord 

with  Sections  (Allen  Thomson).  .V 

The  cord  has  been  divested  of  its  membranes 
and  the  roots  of  the  nerves.  A presents  an 
anterior,  13  a posterior  view,  showing  the  upper 
cervical),  and  the  lower  (lumbar)  enlargements. 
In  these  figures  the  filiform  prolongation,  repre- 
sented separately  in  B',  has  been  removed  ; C 
shows  a transverse  section  through  the  middle  of 
the  medulla  oblongata  ; D,  a section  through  the 
middle  of  the  cervical  enlargement  of  the  spinal 
cord ; E,  through  the  upper  region  of  the  dorsal 
part  ; F,  through  its  lower  ; G,  through  the  middle 
of  the  lumbar  enlargement ; and  H,  near  the  lower 
end  of  its  tapering  extremity. 

1,  anterior  pyramids  ; 1',  their  decussation  ; 
2,  olivary  bodies  ; 3,  restiform  bodies  ; 4,  pos- 
terior surface  of  the  medulla  oblongata  ; 4',  cala- 
mus scriptorius ; 5,  posterior  pyramids  ; 6,  pos- 
terior lateral  columns  passing  up  into  the  restiform 
bodies  ; 7,  7,  anterior  median  fissure  extending 
through  the  whole  length  of  the  spinal  cord  ; 8,  8, 
anterior  lateral  groove  ; 9,  9,  posterior  median 
fissure  ; 10,  10,  posterior  lateral  groove ; x , 
lower  end  of  the  tapering  extremity  of  the  cord  ; 
x , x , in  B',  the  filiform  prolongation  of  the 
cord  and  its  pia-matral  covering. 

Size  and  extent. — The  length  of  the 
spinal  cord  is  from  fifteen  to  eighteen 
inches.  In  general  form  it  is  cylindrical, 
somewhat  flattened  before  and  behind. 
It  presents  two  enlargements — an  upper 
or  cervical,  and  a lower  or  lumbar  (fig. 
344,  d and  g).  The  cervical  enlarge- 
ment is  of  greater  size  and  extent  than 
the  lower.  It  reaches  from  the  third 
cervical  to  the  first  dorsal  vertebra  ; its 
greatest  diameter  is  from  side  to  side. 
The  lower  or  lumbar  enlargement  is 
situated  nearly  opposite  the  last  dorsal 
vertebra  ; its  antero-posterior  diameter 
is  nearly  equal  to  the  transverse.  Below 
this  enlargement,  the  cord  tapers  in  the 
form  of  a cone  ( conus  medullaris),  from 
the  apex  of  which  the  small  filiform 
prolongation  is  continued  downwards 
for  some  distance  within  the  sheath. 

Tli  e cervical  and  lumbar  enlargements  have 
an  evident  relation  to  the  large  size  of  the 
nerves  which  supply  the  upper  and  lower 
limbs,  and  which  are  connected  with  those 
regions  of  the  cord.  At  the  commencement 
of  its  development  in  the  embryo,  the  spinal 
cord  is  destitute  of  these  enlargements,  which 
in  their  first  appearance  and  subsequent  pro- 
gress, correspond  with  the  growth  of  the 
limbs. 
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The  terminal  filament  (filum  terminate,  central  ligament)  (fig. 
34G,  b,  b.)  descends  in  the  middle  line  amongst  the  nerves  composing  the 
cauda  cqnina,  and,  becoming  blended  with  the  lower  end  of  the  sheath 
opposite  to  the  first  or  second  sacral  vertebra,  passes  on  to  be  fixed 
to  the  lower  end  of  the  sacral  canal,  or  to  the  base  of  the  coccyx. 


Fig.  345. 


Fig.  345. — Posterior  View  op  the  Medulla  Oblongata  and  of  the  Spinal  Cord 
with  its  Coverings  and  the  Roots  op  the  Nerves  (from  Sappey).  4 
The  theca  or  ctura-matral  slieath  has  been  opened  by  a median  incision  along  the  whole 
length,  and  is  stretched  out  to  each  side.  On  the  left  side,  in  the  upper  and  middle  parts 
(A  and  B),  the  posterior  roots  of  the  nerves  have  been  removed  so  as  to  expose  the  liga- 
mentum  denticulatum  ; and  along  the  right  side  the  roots  are  shown  passing  out  through 
the  dura  mater.  The  roman  numbers  indicate  the  different  nerves  in  the  cervical,  dorsal, 
lumbar,  and  sacral  regions  ; 9,  several  of  the  pointed  processes  of  the  ligamentum  den- 
ticulatum ; 10,  origin  of  several  posterior  roots  ; 11,  posterior  median  fissure  ; 12, 
ganglia  of  the  spinal  nerves  ; 13,  part  of  the  anterior  roots  seen  on  the  left  side  ; 14, 
the'united  nerve  ; 15,  tapering  lower  end  of  the  spina'l  cord  ; 16,  filum  terminale  ; 17, 
cauda  equina. 

Internally,  it  is  a prolongation  for  about  half  its  length  of  some  of 
the  nervous  elements  of  the  cord  ; externally,  it  consists  of  a tube 
of  the  pia  mater  or  innermost  membrane,  which,  being  attached,  at  its 
lower  end  to  the  dura  mater  and  vertebral  canal,  keeps  pace  .with  the 
latter  in  its  growth,  whilst  the  cord  relatively  shortens.  It  is  distin- 
guished by  its  silvery  hue  from  the  nerves  amid  which  it  lies.  Small 
blood-vessels  may  sometimes  be  seen  upon  it.  , 

Fissures. — When  removed  from  the  vertebral  canal,  and  divested 
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of  its  membranes,  the  spinal  cord  is  seen  to  be  marked  by  longi- 
tudinal fissures.  Of  these,  two,  which  are  the  most  obvious,  run  along 

Fig.  346. — Lower  Part  of  tiie  Spinal  Cord  with  Fig.  o46. 

the  Cauda  Equina  and  Sheath,  seen  from  be- 
hind (Allen  Thomson).  \ jFjjrmfj 

The  sheath  has  been  opened  from  behind  and 
stretched  towards  the  sides  ; on  the  left  side  all  the 
roots  of  the  nerves  are  entire  ; on  the  right  side  both 
roots  of  the  first  and  second  lumbar  nerves  are  entire,^ 
while  the  rest  have  been  divided  close  to  the  place  of 

their  passage  through  the  sheath.  The  bones  of  the  t»  y 1 W/A I / / tf/,  41  HI 
coccyx  are  sketched  in  their  natural  relative  position 
to  show  the  place  of  the  filum  terminate  and  the  lowest 
nerves. 

a,  placed  on  the  posterior  median  fissure  at  the 
middle  of  the  lumbar  enlargement  of  the  cord  ; b,  b, 
the  terminal  filament,  drawn  slightly  aside  by  a hook 
at  its  middle,  and  descending  within  the  dura-matral 
sheath  ; b',  b',  its  prolongation  beyond  the  sheath 
and  upon  the  back  of  the  coccygeal  bones  ; c,  the 
dura-matral  sheath  ; d,  double  foramina  for  the 
separate  passage  of  the  anterior  and  posterior  roots  of 
each  of  the  nerves  ; e,  pointed  ends  of  several  pro- 
cesses of  the  ligamentum  denticulatum  ; Dx,  and 
Dxu,  the  tenth  and  twelfth  dorsal  nerves  ; Li,  and 
Lv,  the  first  and  fifth  lumbar  nerves  ; Si,  and  Sv, 
the  first  and  fifth  sacral  nerves  ; Ci,  the  coccygeal 
nerve. 

the  middle  line,  one  in  front  and  the  other 
behind,  and  are  named  the  anterior  and  pos- 
terior median  fissures. 

The  anterior  median  fissure  (fig.  347,  1) 
is  more  distinct  than  the  posterior,  and  pene-  Sl(j\  \ si 

trates  'about  one-third  of  the  thickness  of 
the  cord,  its  depth  increasing  towards  the 
lower  end.  It  contains  a fold  of  the  pia 
mater,  and  also  many  blood-vessels,  which 
are  thus  conducted  to  the  centre  of  the  cord. 

At  the  bottom  of  this  fissure  is  seen  the 
transverse  connecting  portion  of  white  sub- 
stance named  the  anterior  white  commissure. 

The  posterior  median  fissure  (fig.  347,  2)  is 
less  marked  in  the  greater  part  of  its  extent 
than  the  anterior,  but  becomes  more  evident 
towards  the  upper  part  of  the  cord.  Its  posi- 
tion is  marked,  especially  in  the  lumbar  en- 
largement and  in  the  cervical  region,  by  a 
superficial  furrow.  It  is  not  an  actual  fissure, 
for,  although  the  lateral  halves  of  the  posterior 
part  of  the  cord  are  quite  separate,  there  is 
no  distinct  inflection  of  the  pia  mater  be- 
tween them,  but  merely  a septum  of  connec- 
tive tissue  and  blood-vessels _ which  passes  in  nearly  to  the  centre  of 
the  coid,  as  tar  as  the  posterior  grey  commissure. 

Besides  these  two  median  fissures,  two  lateral  furrows  or  fissures  have 
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been  described  on  each  side  of  the  cord,  corresponding  with  the  lines  of 
attachment  of  the  anterior  and  posterior  roots  of  the  spinal  nerves. 

The  posterior  lateral  fissure  (fig.  347,  4)  is  a superficial  depression 
along  the  line  of  attachment  of  the  posterior  roots. 

The  anterior  lateral  fissure,  which  is  often  described  in  the  line  of 
the  origin  of  the  anterior  roots  of  the  nerves,  has  no  real  existence  as  a 
groove.  The  fibres  of  these  roots  in  fact,  unlike  the  posterior,  do  not 
dip  into  the  spinal  cord  in  one  narrow  line,  but  spread  over  a space  of 
some  breadth.  Thus,  each  lateral  half  of  the  cord  is  divided  superficially 
by  the  posterior  lateral  fissure  into  a posterior  and  an  ant&ro-lateral 
column.  The  attachment  of  the  anterior  roots,  however,  divides  the 
latter  into  anterior  and  lateral  portions. 

On  the  posterior  surface  of  the  cord,  and  most  evidently  in  the  upper 


Fig.  347.  Fig.  347.  — Different 

Views  of  a Portion  of 
the  Spinal  Cord  from 
the  Cervical  Region 
"with  the  Roots  of 
the  Nerves.  Slightly 
enlarged  (Allen  Thom- 
son). 

In  A,  the  anterior  sur- 
face of  the  specimen  is 
shown,  the  anterior  nerve- 
root  of  the  right  side 
being  divided  ; in  B,  a 
view  of  the  right  side  is 
given  ; in  C,  the  upper 
surface  is  shown ; in  D, 
the  nerve-roots  and  gan- 
glion are  shown  from 
below.  1,  the  anterior 
median  fissure ; 2,  pos- 
terior median  fissure  ; 3, 
anterior  lateral  depres- 
sion, over  which  the  ante- 
rior nerve-roots  are  seen 
to  spread  ; 4,  posterior 
lateral  groove  into  which 
the  posterior  roots  are 
seen  to  sink  ; 5,  anterior 
roots  passing  the  ganglion  ; 

5',  in  A,  the  anterior  root  divided;  6,  the  posterior  roots,  *e  1 ibi^s  of 

nto  the  ganglion,  6'  ; 7,  the  united  or  compound  nerve  ; l , the  posterior  pnmarj 

irancli,6  JS  in  A.  aid  D to  be  derived  in  part  from  the  antenor  and  in  part  from  the 


posterior  root. 


part,  there  are  two  slightly  marked  longitudinal  furrows  situated  one 
nn  each  side  close  to  the  posterior  median  fissure,  and  marking  off,  at 
Zlt  Srce"egion,1a  slender  tract,  named  the 
column.  Between  the  anterior  and  posterior  roots  of  the  spmal  neiwes 
on  each  side,  the  cord  is  convex  and  sometimes  presents  a lon^ndim  ^ 
mark  corresponding  with  the  line  of  attachment  of  the 
denticulatum. 


INTERNAL  STRUCTURE  OP  THE  SPINAL  CORD. 

The  spinal  cord  consists  of  white  and  grey  nervous  snbstace.  The 
white  matter,  forming  by  far  the  larger  portion  of  the  cord,  is 
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situated  externally,  whilst  the  grey  matter  is  disposed  in  the 

interior.  ... 

The  white  substance  of  the  anterior  and  posterior  columns  is  pene- 
trated by  the  median  fissures,  and  by  trabeculae  of  connective  tissue 


Fig.  3 48.  Transverse  Sections  op  Spinal  Cord  at  different  heights.  Magnified 

Two  Diameters. 

The  letters  and  numbers  indicate  the  position  of  each  section  : C 1,  C 2,  &c.,  at  level 
ot  hrst  cervical  nerve,  second  cervical  nerve  ; D 1,  k,  first  dorsal,  &c.  ; L 1,  k,  first 
linn  iar,  &c. ; sac.  second  sacral  ; ca.  2,  second  coccygeal  nerve.  The  grey  substance 
is  shaded  dark,  and  the  nerve-cells  within  it  are  indicated  by  dots. 

extending  inwards  from  the  surface.  Most  of  these  are  irregular  and 
indistinct,  but  in  the  cervical  region  a septum  extends  forwards  and 
m warns  iiom  the  fissure  just  described  which  bounds  the  posterior 
median  column.  Ibis  column  is  thus  marked  off  from  the  rest  of  the 

postei  loi  column  as  a wedge-shaped  area  on  each  side  of  the  posterior 
median  fissure. 
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The  grey  substance,  as  seen  in  a transverse  section  of  any  part  of 
the  cord,  presents  two  crescent-shaped  masses,  placed  one  in  each  lateral 
half,  with  their  convexities  towards  one  another,  and  joined  across  the 
middle  by  a transverse  portion,  the  grey  or  posterior  commissure  of  the 
cord.  Each  of  these  grey  crescents  has  an  anterior  and  a, posterior  cornu  or 
horn.  . The  posterior,  generally  longer  and  narrower,  approaches  the 
posterior  lateral  fissure  : the  anterior,  shorter  and  thicker,  extends 
towards  _ the  place  of  attachment  of  the  anterior  roots  of  the  nerves, 
thus  dividing  the  an  ter  o- lateral  column  into  the  anterior  and  lateral 
portions  of  white  substance.  On  the  outer  surface  of  each  crescent,  be- 
tween the  two  cornua,  processes  from  the  grey  substance  form  a network 
which  encloses  portions  of  the  white  column.  This  is  seen  especially  in 
the  cervical  region.  A layer  of  white  substance  separates  the  grey 
commissure  from  the  bottom  of  the  anterior  median  fissure,  and  is 
named  the  anterior  or  white  commissure. 

The  back  part  of  the  posterior  horn,  which  is  somewhat  enlarged,  is 
called  the  caput  cornu  posterioris  (fig.  350,  a a) ; the  narrower  portion 
which  •connects  it  with  the  rest  of  the  grey  substance  being  called 
the  cervix  cornu  (fig.  350,  b).  At  the  tip  of  the  caput  cornu  the  grey 
matter  has  a peculiar  semitransparent  aspect,  whence  it  was  named 
by  Rolando  substantia  cinerea  gelatinosa. 

The  grey  crescents  vary  in  form  in  different  parts  of  the  cord  (see 
fig.  348).  In  the  dorsal  region  both  anterior  and  posterior  cornua  are 
narrow.  In  the  cervical  and  lumbar  regions  the  anterior  cornua  are  large 
and  broad,  constituting  cylindrical  or  prismatic  columns  of  grey  sub- 
stance. The  posterior  cornua  are  narrow  in  the  cervical,  but  very  broad 
in  the  lumbar  region.  The  grey  matter  is  seen  in  a series  of  sections 
to  be,  relatively  to  the  white,  most  abundant  in  the  lumbar  region  of 
the  cord,  less  so  in  the  cervical  region,  and  least  so  in  the  dorsal. 
The  actual  amount  of  white  matter  is  greatest  in  the  neck,  of  grey 
matter  in  the  lumbar  region.  Towards  the  lower  end  of  the  cord  the 
double  crescentic  form  gradually  disappears,  and  the  grey  matter  is 
collected  into  a central  mass,  which  is  indented  before  and  behind  and 
at  the  sides.  At  its  extreme  point,  according  to  Remak  and  Valentin, 
the  cord  consists  of  grey  matter  only. 

Fig.  349. — Section  of  Lower  Extremity  of  Spinal  Cord.  Magnified 

about  Six  Times. 

In  A,  tie  peculiar  form  of  tlie  lower  extremity  of  the  central  canal  is 
seen,  and  in  13,  its  opening  on  the  posterior  surface. 

The  commissure  connecting  the  two  halves  of  the  cord 
measures  Aytb  or  Aoth  of  an  inch  in  average  thickness,  and 
consists,  as  already  mentioned,  of  two  portions — anterior 
white,  and  posterior  grey  commissures.  The  anterior  is 
proportional  in  size  to  the  size  of  the  nerve  roots.  The  pos- 
terior is  largest  in  the  upper  part  of  the  conus  medullaris. 
In  it  is  contained  the  central  canal. 

Central  canal. — Extending  through  the  whole  length  of  the  spinal 
cord,  in  the  substance  of  the  grey  commissure,  there  is  a minute 
central  canal  which,  in  prepared  transverse  sections  of  the  cord,  is 
barely  visible,  as  a speck,  with  the  naked  eye.  Superiorly,  it  is  con- 
tinued into  and  opens  out  at  the  calamus  scriptorius  of  the  fourth 
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ventricle  ; and  inferiorly,  at  the  extremity  of  the  conus  medul  ans,  it 
becomes  enlarged,  shaped  like  the  letter  T.  and  extends  backwards 
to  the  surface  of  the  cord,  being  covered  in  only  by  pia  mater  and 
connective  tissue.  This  canal,  (though  minute,  is  an  object  of  con- 
siderable interest  as  a typical  part  of  the  structure  of  the  cold,  it  being 
the  permanent  remains  of  the  cavity  of  the  cylinder  formed  by  the  spin  al 
cord  at  the  earliest  period  of  its  development.  It  is  more  distinctly 
■seen  in  fishes,  reptiles,  and  birds  than  in  mammals. 


MINUTE  STRUCTURE. 

The  substance  of  the  spinal  cord  consists  of  a large  proportion  of 
nervous  substance,  supported  in  a delicate  framework  of  connective 
tissue,  and  containing  numerous  minute  blood-vessels.  The  white 
matter  presents  nerve-fibres,  but  is  almost  destitute  of  nerve-cells  ; the 
<rrey  matter  contains  both  elements. 

~ Connective  tissue  takes  part  in  the  structure  of  the  cord  to  a very 
considerable  extent.  It  forms  a complete  covering  surrounding  the 
white  substance  beneath  the  pia  mater,  and  from  this  covering  trabeculae 
of  connective  tissue  extend  into  the  white  substance  (fig.  851,  e,  e).  A 
narrow  layer  of  gelatinous  connective  tissue  lies  upon  the  surface,  fills  up 
its  inequalities,  and  sends  prolongations  with  the  fibrous  septa.  These, 
with  the  exception  of  those  above  described  (p.  493),  are  irregular,  and 
extend  a variable  depth  into  the  cord,  some  reaching  the  grey  substance. 
They  divide  and  ramify,  and  their  ultimate  subdivisions  are  continuous 
with  a peculiar  delicate  matrix  in  which  the  nerve  fibres  are  embedded, 
and  which  is  termed  by  Virchow  the  neuroglia.  It  contains  many 
minute  granule-like  nuclei,  and  is  supposed  to  be  derived,  in  part 
at  any  rate,  from  peculiar  changes  in  connective  tissue  cells  (see 
p.  136).  In  the  posterior  median  column  the  connective  tissue  is 
remarkably  abundant.  In  the  grey  matter  there  is  also  much  connec- 
tive tissue,  especially  in  the  immediate  neighbourhood  of  the  central 
canal.  Whether  the  smallest  cells  of  the  grey  substance  are  really 
nervous  or  belong  to  the  connective  tissue  is  still  undecided,  but  it  is 
certain  that  many  of  the  nuclei  belong  to  the  connective  tissue. 

White  substance. — The  fibres  are  in  greatest  part  longitudinal ; the 
principal  exceptions  being  those  contained  in  the  commissure,  and  in 
the  roots  of  the  nerves.  The  longitudinal  fibres  are  finer  in  the  poste- 
rior columns,  and  posterior  parts  of  the  lateral  columns,  than  in  other 
parts,  and  the  deepest  fibres  are  smaller  than  those  placed  more  super- 
ficially. (Kolliker.)  The  larger  fibres  are  about  yVoo  in°h  m dia- 
meter, the  smaller  are  about  T\jUi  of  that  size.  A few  branching  nerve- 
cells  exist  in  the  neighbourhood  of  the  grey  matter. 

Grey  substance. — The  fibres  of  the  grey  substance  are  for  the 
most  part  not  more  than  one-half  the  diameter  of  their  continuations 
in  the  white  substance  and  in  the  nerve-roots,  but  among  them  there 
are  a few  of  larger  size.  They  are  very  various  in  their  direction, 
and  are  arranged  in  a complete  network,  except  those  which  are  con- 
nected with  the  roots  of  the  nerves,  which  pass  in  definite  directions, 
arranged  in  compact  groups.  The  fine  network  appears  to  be,  in  part, 
at  any  rate,  composed  of  the  fine  branching  processes  of  the  nerve  cells. 

The  nerve-cells  of  the  grey  matter  are  of  two  kinds.  Firstly,  there 
are  very  large  branched  cells,  from  TVo  to  °f  an  inch  in  size,  con- 
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laming-  nuclei  ancl  pigment ; secondly,  there  are  smaller  cells,  ranging 

irom  to  ol  an  inch,  the  majority  being  from  W to  1 

an  inch  in  size.  b 1500  “ 01 

The  smaller  cells  occur  scattered  throughout  the  whole  of  the  grey 
matter,  and  are  aggregated  also  in  the  substantia  (jdatinosa  at  the  ex- 
tremity of  the  caput  cornu  posterioris,  where  they  are  scattered  in  a 
finely  granular  basis,  and  among  them  pass  many  fine  nerve-fibres 
derived  from  the  posterior  roots. 

The  larger  cells  are  collected  into  groups.  In  the  anterior  horn  they 
are  placed  chiefly  in  its  anterior  and  in  its  outer  portions,  although 
scattered  cells  occur  throughout  the  cornu.  The  two  groups  (with 


Fig.  350. — Transverse- 
Section  OF  HALF  THE: 
Spinal  Marrow  in 
the  Lujibar  En- 

largement. (Allen 
Thomson.)  ? 

This  is  a semidia- 
grammatic  representa- 
tion taken  from  a pre- 
pared specimen,  and 

founded  in  part  on  the 
statements  of  Lockhart 
Clarke  and  of  Kolliker. 

1,  anterior  median 
fissure  ; 2,  posterior 

median  fissure  ; 3,  cen- 
tral canal  lined  with 

epithelium  ; 4,  posterior 
commissure  ; 5,  anterior 
commissure  ; 6,  posterior 
column ; 7,  lateral  co- 
lumn : 8,  anterior  co- 
lumn ; (at  each  of  these 
places  and  throughout 
the  white  substance  the 
trabecular  prolongations 
of  the  pia  mater  are 
•shown  ; ) 9,  fasciculus  of 
posterior  nerve  root  en- 
tering in  one  bundle  ; 
10,  fasciculi  of  anterior 
roots  entering  in  four 
spreading  bundles  of 
fibres  ; a,  a,  caput  cornu 
posterioris  with  large  and  small  cells,  and  above  them  the  gelatinous  substance  ; b,  in  the 
cervix  cornu,  decussating  fibres  from  the  nerve  roots  ancl  posterior  commissure  ; c,  posterior 
vesicular  columns  (of  Clarke) ; cl,  fibres  running  transversely  from  the  posterior  commissure 
into  the  lateral  columns  ; near  d,  the  lateral  group  of  cells,  intermedio-lateral  tract ; c,  e, 
fibres  of  the  anterior  roots,  entering  the  anterior  cornu,  and  passing  through  among  the 
radiating  cells,  but  not  joining  their  processes  ; e',  fibres  from  the  anterior  roots  which 

decussate  in  the  anterior  commissure  ; e",  external  fibres  from  the  roots  running  round 

the  outside  of  the  anterior  grey  cornu  towards  the  lateral  columns  ; /,  fibres  from  the 
posterior  commissure  and  from  the  posterior  cornu  running  towards  the  anterior.  Three 
groups  of  cells  are  seen  in  the  anterior  cornu  ; of  these  the  anterior  are  external  and 
internal,  the  posterior  are  chiefly  external  or  lateral. 


which  the  anterior  nerve-roots  are  connected)  are  well  defined,  espe- 
cially in  the  cervical  and  lumbar  enlargements.  The  outer  group  is 
usually  cylindrical,  the  anterior  prismatic  in  form,  and  the  latter  is 
often  broken  up  into  two  or  three  smaller  groups. 
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In  tliG  posterior  cornu  tlic  large  cells  ure  collected  cliicfly  into  tt 
compact  group,  the  posterior  vesicular  column  (of  Glaike)  (fig.  350,  c), 
which  occupies  the  inner  half  of  the  cervix.  0.  he  cells  lie  among  fine 
interlacin'5'  fibres,  some  horizontal,  derived  chiefly  fiom  the  posteiioi 
roots  of  the  nerves,  and  many  longitudinal.  Some  cells  are  small  and 
•others  lar°'c,  with  processes  running  in  different  diiections,  but  especially 
upwards  and  downwards,  parallel  to  the  veitical  fibies.  Jfhis  group 
is  skirted  by  fibres  (also  chiefly  from  the  posterior  roots)  which  curve 
around  it,  and  among  which  lie  other  fusiform  neive-cells.  This  gioup 
of  cells  is  largest  near  the  upper  part  of  the  lumbar  enlargement 
/fig.  348,  L 1),  where  it  has  a diameter  of  ^th  of  an  inch,  and  causes  a 
projection  on  the  inner  surface  of  the  cervix  cornu.  It  can  be  traced 
upwards  through  the  dorsal  region,  becoming  less  distinct,  and  ceasing 
before  the  middle  of  the  cervical  enlargement  is  reached.  Below  the 
middle  of  the  lumbar  enlargement  it  is  indistinct.  In  the  upper  part 
of  the  conus  medullaris  a group  of  cells  behind  the  central  canal,  on 
each  side,  occupies  nearly  the  position  of  this  column,  but  has  different 
histological  connections.  (Clarke.) 

In  the  outer  portion  of  the  grey  matter,  midway  between  the  anterior 
and  posterior  cornua,  is  a small  group  of  cells,  the  tractus  inter  medio- 
lateralis  (of  Clarke)  (fig.  350,  cl),  which  occupies  a projection  on  the  sur- 
face of  the  grey  matter.  It  extends  from  the  upper  part  of  the  lumbar 
to  the  lower  part  of  the  cervical  enlargement,  being  larger  in  the 


Fig.  351. 


Fig.  351. — A Small  Portion  or  a Transverse  Section  of  the  human  Spinal  Coro 

NEAR  THE  SURFACE  AT  THE  ENTRANCE  OF  A BUNDLE  OF  THE  ANTERIOR  ROOTS.  (Allen 

Thomson. ) 

Tins  figure,  which  is  somewhat  diagrammatic,  is  intended  to  show  the  relation  to  the 
nervous  substance  of  the  pia-matral  sheath  of  the  cord  and  the  processes  of  connective 
■tissue  prolonged  from  it  between  the  longitudinal  and  other  nerve  fibres,  a,  ct,  a bundle 
of  the  anterior  roots  ; b,  b,  transverse  sections  of  part  of  the  anterior  columns  of  the 
coid  in  which  the  dark  points  are  the  axis-cylinders,  and  the  circles  represent  the  outline 
nt  the  medullary  substance  : in  these  parts  the  connective  tissue  is  not  represented,  and 
many  ot  the  smallest  nerve-fibres  have  also,  for  the  sake  of  clearness,  been  omitted  ; 
u,  the  pia-matral  covering  of  the  cord;  cl,  one  of  the  compartments  of  the  anterior 
column  enclosed  by  septa  of  connective  tissue  prolonged  from  the  pia  mater,  and  exhibit- 
ing the  fine  frame-work  of  connective  tissue,  e,  e,  extending  through  among  the  nerve- 
fibres,  which  last  have  been  omitted. 
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upper  part  than  in  the  middle  of  the  dorsal  region.  In  the  upper 
part  of  the  cervical  region  a group  of  cells  reappears  in  the  same  situa- 
tion, and  is  traversed  by  the  roots  of  the  spinal  accessory  nerve.  The 
cells  of  the  intennedio-lateral  tract  are  of  large  and  medium  size,  and 
many  of  them  are  fusiform,  lying  transversely.  They  are  probably  con- 
nected with  fibres  which  run  transversely  from  the  commissure  across 
the  central  portion  of  the  grey  substance. 

Commissures. — The  anterior  commissure  consists  of  medullated 
nerve  fibres  which  pass  on  each  side,  some  into  the  anterior  white 
column,  others  into  the  anterior  horn.  Their  course  is  not  strictly 
transverse,  many  fibres  which  enter  the  anterior  part  of  the  commissure 
at  one  side  leave  it  at  the  posterior  portion  on  the  other  side.  There  is 
thus  a double  decussation  at  the  middle  line  (fig.  350).  Sometimes  part 
of  the  fibres  have  an  ascending  or  descending  direction,  or  are  displaced 
by  the  vessels  which  pass  into  the  cord  from  the  anterior  fissure. 

The  posterior  commissure  is  composed  of  fine  grey  nerve  fibres, 
running  transversely  and  most  abundant  behind  the  central  canal.  On 
each  side  of  the  canal  is  an  area  occupied  chiefly  by  gelatinous  substance, 
in  which  are  a few  longitudinal  fibres  and  granules.  Close  to  the 
canal  many  small  round  or  angular  cells  are  scattered,  some  branching, 
others  containing  many  nuclei  (probably  connective  tissue  cells). 

The  central  canal  is  lined  with  a layer  of  cylindrical  ciliated  epithe- 
lium. In  the  adult  its  lumen  is  not  unfrequently  occupied  by  cells  and 
granular  material,  and,  the  epithelium  layer  being  indistinct,  the  cells 
within  it  appear  continuous  with  those  in  its  vicinity. 

The  filum  terminate  is  said  to  contain  in  its  upper  portion  a con- 
tinuation of  the  central  canal,  surrounded  by  gelatinous  substance  and 
nerve  fibres.  In  its  lower  portion  it  consists  of  connective  tissue  only. 


Fig. 
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Fig.  352. — A 

TION  OF  A 

Section  of 
Cord  at 
where  TWO 
the  Fibres 


Small  Por- 

TRANSVERSK 

the  Spinal 

THE  PLACE 
BUNDLES  OF 

of  the  An- 


terior Hoots  pass  into- 
the  grey  substance. 
(Allen  Thomson.)  p,() 

This  figure  may  be  looked 
upon  as  representing  the 
inner  ends  of  the  anterior 
roots  of  the  nerves,  of 
which  the  outer  part  is- 
shown  in  fig.  346.  «,  a, 

the  two  bundles  of  fibres  of 
the  anterior  root  passing 
between  the  compartments- 
of  longitudinal  fibres  of  the 
cord  ; b,  b,  the  same  fibres- 
running  backwards  through 
the  grey  substance  towards- 
the  posterior  cornua ; c,  c', 

those  spreading  in  the  anterior  cornua,  on  the  one  side  towards  the  anterior  commissure, 
and  on  the  other  round  the  outer  side  of  the  anterior  cornu  ; d,  d,  portions  of  three  com- 
partments  of  the  anterior  columns  in  which  the  longitudinal  fibres  of  the  cord  .are  shown 
in  transverse  section  ; e,  e,  large  radiated  and  nucleated  cells  in  the  grey  substance  of  the 
anterior  cornu— -some  with  three,  others  with  a greater  number  of  processes  emanating 
from  them  : no  direct  communication  is  shown  between  these  processes  and  the  nerve 
fibres  of  the  roots. 
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Origin  of  the  spinal  nerves. — The  anterior  and  posterior  roots  oi 
the  spinal  nerves  are  attached  along  the  sides  of  the  cord,  and  oppo- 
site to  the  corresponding  cornua  of  the  grey  matter ; the  posterior 
roots  in  a straight  line  at  the  posterior  lateral  groove  and  the  anterior 
roots  scattered  somewhat  irregularly  upon  the  surface  (fig.  347,  ).  • 

The  fibres  of  the  anterior  roots  may  be  traced  into  and  through 
the  anterior  cornua  (fig.  350,  #,  e).  In  it  they  diverge  in  different 
directions,  passing  among  the  large  multipolar  cells  with  whici  some 
are  probably  connected.  Many  fibres  pass  backwards  m the  substance 
of  the  anterior  cornu,  where  some  of  them  would  appear  to  form 
connections  with  fibres  proceeding  from  other  parts  ot  the  cord,  and 
others  to  spread  obliquely  upwards  and  downwards  ; an  external  group 
reach  the  lateral  column,  and  an  internal  group  cross  in  the  anterior 
white  commissure  to  the  anterior  cornu  of  the  opposite  side. 

The  fibres  of  the  posterior  roots , on  reaching  the  posterior  cornu, 
diverge  from  each  other  and  enter  the  grey  substance,  some  immediately 
through  the  substantia  gelatinosa,  others  after  curving  through  the 
outer  portions  of  the  posterior  columns  and  round  the  inner  side  of  the 
caput  cornu  (fig.  350,  9).  Of  those  which  pass  through  the  gelatinous 
substance,  a large  number  immediately  turn  upwards  and  downwards, 
and  blend  with  the  fine  plexus  of  nerve-fibres  which  constitutes  the 
central  portion  of  the  grey  matter,  reaching,  probably,  some  the  anterior 
cornu,  and  others  by  the  posterior  commissure  the  opposite  side  of  the 
cord.  Of  the  fibres  of  the  posterior  roots  which  enter  the  grey 
substance  in  front  of  the  substantia  gelatinosa,  some  pass  forwards . at 
once  through  the  grey  substance,  while  others  enter  and  blend  with 
the  posterior  vesicular  columns  of  nerve-cells.  Another  set  ot  fibres 
slant  principally  upwards,  but  some  downwards,  in  the  white  substance 
of  the  posterior  columns,  and,  interlacing  with  each  other,  most  pro- 
bably enter  the  grey  matter  at  different  heights.  Some  are  lost  to  view 
in  the  posterior  white  columns,  and  it  is  uncertain  whether  or  not 
they  immediately  ascend  through  these  columns  to  the  brain. 

A narrow  grey  liue  extends  from  the  apex  of  the  posterior  horn  to  the 
posterior  lateral  furrow,  and  consists  of  connective  tissue  and  fine  nerve 
fibres.  It  was  formerly  thought  to  be  part  of  the  posterior  nerve  root. 


Much  discussion  has  taken  place  as  to  the  course  of  the  fibres  in  the  cord,  and 
their  ultimate  destination.  It  is  easily  understood  that,  by  the  examination  of 
sections  difficult  to  prepare,  limited  in  extent,  liable  to  undergo  changes  in  the 
preparation,  and  giving  views  confined  each  to  little  more  than  a thin  lamina, 
it  is  scarcely  to  be  expected  that  the  full  history  of  many  tortuous  fibres  can  be 
accurately  ascertained.  Thus  it  remains  still  undecided  whether  any  of  the 
fibres  of  the  nerve-roots  pass  up  all  the  way  to  the  brain.  Volkmann  concluded 
that  none  of  them  reached  the  brain,  arguing  from  measurements  of  the  size  of 
the  cord  in  different  regions,  that  the  cord  could  not  contain  in  its  upper  regions 
all  those  nerve-fibres  which  were  traceable  to  it  in  the  lower.  Kolliker  pointed 
out  the  fallacy  of  this  conclusion,  in  so  far  as  Volkmann  had  not  made  proper 
allowance  for  the  diminished  size  of  the  fibres  as  they  ascend  in  the  cord  ; but 
although  Volkmann' s argument  was  thereby  invalidated,  it  appears  impossible 
to  prove  by  microscopic  observations  that  fibres  of  nerve-roots  traced  into  the 
grey  matter,  and  observed  to  emerge  into  the  white  matter,  do  not  again  re-enter 
the  grey  and  terminate  there. 

There  seems  little  doubt  that  the  radiating  prolongations  of  the  cells  are  in 
actual  continuity  with  the  axial  filaments  of  nerve-fibres,  whether  proceeding 
from  nerve-roots  or  from  different  parts  of  the  cord  itself. 
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b.-the  encephalon. 


The  encephalon  admits  of  being  conveniently  divided  into  the 
cerebium° J °nSata’  ^ ccrel)c^mn  tlie  Pons  Varolii,  and  the 


The  medulla  oblongata  is  the  part  continuous  with  the  spinal  cord  : 
H rests  on  the  basilar  process  of  the  occipital  bone,  and  on  its  superior 

or  dorsal  surface  presents  a groove  continuous  with  the  central  canal  of 
the  spmal  cord. 

The  cei  ebc/lum  occupies  the  posterior  fossa  of  the  cranium.  By  the 
mesial  part  of  its  anterior  and  inferior  surface,  it  forms  the  roof  of  a 
space,  the  floor  of  which  is  the  grooved  posterior  surface  of  the  medulla 
oblongata,  and  which  is  named  the  fourth  ventricle  of  the  brain.  On 
each  side  of  this,  the  cerebellum  is  connected  with  the  medulla  ob- 
ongata  and  cerebrum,  and  also  receives  the  fibres  of  the  j>ons  Varolii, 
which  is  a commissure,  uniting  the  two  hemispheres  of  the  cerebellum, 
and  passing  beneath  and  between  the  fibres  which  extend  upwards 
from  the  medulla  oblongata. 

-The  cerebrum  includes  all  the  remaining  and  much  the  largest  part 
of  the  encephalon.  It  is  united  with  the  parts  below  by  a compara- 
tively narrow  and  constricted  portion  or  isthmus,  part  of  which,  forming 


Fig.  353. 


Fig.  353. — Plan  in  outline  of  the  Encephalon,  as  seen  from  the  right  side.  4 

The  parts  are  represented  as  separated  from  one  another  somewhat  more  than  natural 
so  as  to  show  their  connections.  A,  cerebrum  ; e,  fissure  of  Sylvius  ; B,  cerebellum  ; 
C,  pons  Varolii  ; I),  medulla  oblongata  ; a,  peduncles  of  the  cerebrum  ; b,  c,  d,  superior, 
middle,  and  inferior  peduncles  of  the  cerebuIJum  ; the  parts  marked  a,  b,  c,  C,  form  the 
isthmus  encephali. 
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the  crura  cerebri,  descends  into  the  pons  .Varolii,  and  through  it  is 
continued  into  the  medulla  oblongata,  whilst  anothe;  pait  joins  the 
cerebellum.  Situated  on  the  fibres  which  extend  up  from  the  con- 
stricted part,  are  a series  of  eminences,  named,  from  behind  forwards, 
the  corpora  quadrigemina,  optic  thalami,  and  corpoia  stnata  ; and 
sprino-ino-  from  the  front  aud  outer  side  of  the  corpora  striata  are  the 
large°convoluted  cerebral  hemispheres,  which  expand  from  this  place  m 
all  directions,  concealing  the  eminences  named,  and  occupying  the  i unit 
of  the  cranium,  the  anterior  and  middle  cranial  fossa?,  and  the  supeiioi 
fossa?  of  the  occipital  bone.  The  cerebral  hemispheres  aie  united  to- 
gether by  a principal  and  smaller  commissures  ; by  means  of  which 
there  is  enclosed  a cavity,  which  is  subdivided  into  various  ventricles, 
viz.,  the  two  lateral,  the  third,  and  the  fifth. 


THE  MEDULLA  OBLONGATA. 

The  medulla  oblongata  is  bounded  above  by  the  lower  border  of  the 
pons  Varolii,  whilst  it  is  continuous  below  with  the  spinal  cord,  on  a 
level  with  the  upper  border  of  the  atlas,  at  a point  which  corresponds 
with  the  lower  extremity  of  the  anterior  pyramids,  to  be  presently 
described.  It  inclines  obliquely  downwards  and  backwards ; its  ante- 
rior surface  rests  in  the  basilar  groove,  whilst  its  posterior  surface  is 
received  into  the  fossa  named  the  vallecula,  between  the  hemispheres  ot 
the  cerebellum,  and  there  forms  the  floor  of  the  fourth  ventricle.  To 
its  sides  several  large  nerves  arc  attached. 


Tlio  term  medulla  oblongata,  as  employed 
by  Willis  and  Yieussens.  and  by  those  who 
directly  followed  them,  included  the  crura 
cerebri  and  pons  Varolii.  as  well  as  that 
pail,  to  which  by  Haller  first,  and  by  most 
subsequent  writers,  this  term  has  been  re- 
stricted. 


It  is  of  a pyramidal  form,  having  its 
broad  extremity  upwards : it  is  expanded 
laterally  at  its  upper  part : its  length 
from  the  pons  to  the  lower  extremity  of  the  pyramids  is  about  an  inch 
and  a quarter  ; its  greatest  breadth  is  nearly  an  inch  ; and  its  thickness, 
lrom  before  backwards,  is  about  three-quarters  of  an  inch. 

Fissures.— 1 he  anterior  and  posterior  median  fissures  which  partially 
divide  the  spinal  cord  are  continued  up  into  the  medulla  oblongata. 
I he  anterior  fissure  terminates  immediately  below  the  pons  in  a recess. 


Fig.  354. — View  of  the  Anterior  Surface 
of  the  Pons  Varolii  and  Medulla  Ob- 
longata. 

a , a,  anterior  pyramids  ; b,  their  decussation  ; 
c,  c,  olivary  bodies  ; d,  d,  restiform  bodies  ; e, 
arciform  fibres  ; /,  fibres  described  by  Solly  as 
passing  from  the  anterior  column  of  the  cord  to 
the  cerebellum  ; ff,  anterior  column  of  the 
spinal  cord  ; h,  lateral  column  ;.p,  pons  Varolii  ; 
i,  its  upper  fibres  ; 5,  5,  roots  of  the  fifth  pair 
of  nerves. 


Fig.  354. 
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T^,d’^;  th0  P°steri01'  «*“  is  continued 
1 ai  as  into  the  floor  of  the  fourth  ventricle,  where  it  opens  and  ex- 
pands m a superficial  furrow,  and  is  gradually  lost. 

In  other  respects  an  entirely  different  arrangement  of  the  parts 
from  that  111  the  cord.  The  surface  of  each  half  of  the  medulla 
W*"  c!.innc1nce1s  or  columns,  which  arc  met  with  in  the  following 

horhpq  h"1  °JC  ba1cki!ard8>  V1Z‘ : the  anterior  Pyramids,  the  olivary 
bodies,  the  restiform  bodies,  and  the  posterior  pyramids  } 

subsf.rnr^P7^111^^?54’  a>  a^>  arc  two  bundles  of  white 
substance,  placed  one  on  either  side  of  the  anterior  fissure,  and  marked 

Lnnnn0mi  a °llTaF  bod^  exteriwlIy  by  a slight  depression.  They 
become  broader  and  more  prominent  as  they  ascend  towards  the  pons 

\aroHi.  At  their  upper  end  they  are  constricted,  and  thus  enter 
the  substance  of  the  pons,  through  which  their  fibres  may  be  traced 
into  the  peduncles  of  the  brain.  J 

In  the  lower  part,  a portion  of  each  pyramid,  arranged  in  several 
bundles,  which  interlace  with  the  corresponding  bundles  of  the  other 
pyramid,  passes  downwards  across  the  fissure  to  the  opposite  side. 
Iliis  decussation  of  the  pyramids  (fig.  354,  1>  ■ fig.  357,  B)  is  not  com- 
piete  but  involves  the  greater  part  of  the  innermost  fibres.  When 
laced  from  below , it  is  found  that  the  whole  or  a great  part  of  the 
decussating  fibres  come  forward  from  the  deep  portion  of  the  lateral 
columns  of  the  cord,  and  advance  to  the  surface  between  the  diverging 
antenoi  columns,  which  are  thus  thrown  aside.  Other  decussating  fibres 
come  from  the  posterior  grey  Substance,  and  as  these,  together  with  the 
fibies  from  the  lateral  column,  cross  the  anterior  horn,  they  receive 
from  the  latter  additional  fibres.  The  decussation  is  more  super- 
ficial, and  therefore  of  greater  apparent  extent,  in  some  brains  than  in 
others. 


The  outer  smaller  portion  of  each  pyramid  does  not  decussate ; it 
consists  of  fibres,  derived  from  the  anterior  column  of  the  cord : these 
ascend,  and  are  joined  by  the  decussating  portion  from  the  opposite 
side.  Together  they  form  a prismatic  bundle  or  column  of  wrhite  fibres, 
which  extends,  deeply  into  the  substance  of  the  medulla,  and  is  triangular 
in  a cross  section. 


The  anterior  pyramid  contains  no  grey  matter,  but  a grey  laver 
which  lies  behind  it,  betw’eeen  it  and  the  olivary  body,  has  been  de- 
scribed as  its  nucleus.  This  consists  of  medium-sized  stellate  nerve- 
cells,  lying  between  transverse  and  longitudinal  fibres,  and  embedded 
in  a gelatinous  substance. 

. The  olivary  bodies  (fig.  354,  c)  are  two  masses  placed  to  the  outer 
side  of  the  pyramids,  and  sunk  to  a considerable  depth  in  the  substance 
of  the  medulla  oblongata,  appearing  on  its  surface  as  two  smooth  oval 
eminences.  They  do  not  reach  the  pons  Varolii  above,  being  separated 
from  it  by  a deep  depression ; nor  do  they  extend  so  far  down  as  the 
pyramids. 

They  consist  externally  of  white  substance,  of  which  the  fibres  chiefly 
run  longitudinally ; and  internally  of  a grey  nucleus,  named  corpus 
dentatum  or  ciliare,  or  olivary  nucleus. 

The  olivary  nucleus  (fig.  357,  D,  o ) appears,  on  making  a section, 
whether  horizontal  or  vertical,  through  the  middle,  to  present  the  form 
of  a zig-zag  line  of  a light  yellowish  colour,  circumscribing  a whitish 
substance  within,  and  interrupted  towards  the  centre  of  the  medulla. 
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It  is  arranged  in  the  form  of  a capsule,  which  is  open  at  its  upper  and 
inner  part,  and  has  its  sides  corrugated  or  plicated,  so  as  to  give 
the  indented  appearance  to  a section,  dhis  capsule  is,  moreover , sui- 
rounded  with  white  matter  externally,  and  through  its  open  part  white 
fibres  pass  into  or  issue  from  its  interior,  and  connect  it  with  other 
parts  of  the  brain.  It  contains  small,  round  and  stellate  cells,  lying  m 
a gelatinous  substance  and  among  the  fibres  which  pass  tlnough  it. 
A.  separate  grey  lamina  above  it,  of  similai  structure,  has  been  termed 

the  accessor//  olivary  nucleus.  _ . . 

The  external  fibres  of  the  anterior  columns  of  the  cord,  which  at 
the  decussation  of  the  pyramids  are  thrown  outwards,  are  continued 
upwards,  on  the  surface  of  the  medulla  oblongata,  and  then  pass,  partly 
on  the  outside  of,  and  partly  beneath  the  olivary  bodies— being  joined 
in  their  further  progress  by  the  fibres  issuing  from  the  olivary  nucleus. 
To  these  fibres  the  term  olivary  fasciculus  (fig.  35 G,  o')  has  been 

applied.  ......  n 

The  restiform  bodies  (figs.  3 5 Tan d 355,  d),  placed  behind  and  to  the 
outer  side  of  the  olivary  bodies,  are  two  lateral  rounded  eminences  or 
columns  directly  continuous  with  the  posterior,  and  with  part  of  the 
antero-lateral  columns  of  the  cord  ; they  diverge  slightly  as  they  ascend, 
and  thus  occasion  the  greater  width  of  the  medulla  at  its  upper  part. 
Each  of  them  passes  into  the  corresponding  hemisphere  of  the  cerebellum, 
and  constitutes  its  inferior  peduncle.  At  first  they  are  in  contact  with 
the  small  tracts  of  the  medulla,  named  the  posterior  pyramids  ; but 
higher  up  they  become  free  and  prominent,  and  assist  in  forming  the 
lateral  boundaries  of  the  fourth  ventricle.  There  is  a considerable 
quantity  of  grey  matter  in  their  interior. 

By  far  the  larger  portion  of  the  white  substance  of  the  restiform 
body  consists  of  longitudinal  fibres,  which  include  all  those  belonging 


Fig.  355. — View  of  the  Posterior  Surface  of 
the  Pons  Varolii,  Corpora  Quadrigejiina, 
and  Medulla  Oblongata. 

a,  a,  the  upper  pair  of  corpora  quadrigemina  ; 
b,  b,  the  inferior  ; /,  /,  superior  peduncles  of  the 
cerebellum  ; c,  eminence  connected  with  the  nucleus 
of  the  hypoglossal  nerve  ; outside  c is  the  external 
auditory  nucleus  ; beneath  e and  i,  that  of  the  vagus 
nerve  ; cl,  cl,  restiform  bodies  ; ]>,  p,  posterior 
pyramids  ; r,  v,  groove  in  the  middle  of  the  fourth 
ventricle,  ending  below  in  the  calamus  scripto- 
rius  ; 7,  7,  roots  of  the  auditory  nerves.  (See  also 
Fig.  358.) 

to  the  posterior  column  of  the  cord  except 
the  posterior  median  column,  some  de- 
rived from  the  lateral  column,  and  also 
a small  band  from  the  anterior  column. 
This  last-named  band  runs  obliquely 
below  the  olivary  body,  and,  as  was  shown 
by  Solly,  connects  the  anterior  column 
witli  the  cerebellum. 


Fig.  355. 


The  posterior  pyramids  (fasciculi  graciles)  (fig.  355,  p p)  of  the 
medulla  oblongata,  the  smallest  of  the  four  pairs  of  columns  into  which 
it  is  divided,  are  situated  one  on  each  side  of  the  posterior  median 
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f ssme.  J hey  consist  of  white  fibres,  continuous  with  those  of  the 
posteiioi  median  columns  of  the  cord,  and  contain  much  grey  matter 
Ihej  inci ease  in  size  as  they  ascend  until  they  reach  the  point  where 
the  inedulla  opens  out  to  form  the  floor  of  the  fourth  ventricle  ; and 
theie,  diverging  from  one  another,  they  appear  to  taper  and  become 
closely  applied  to  the  restiform  bodies.  Their  fibres  quit  these  bodies 
however,  and  pass  up  to  the  cerebrum.  ^ 1 ’ 

1 nfrhe  fl°or  of  ^ fourth  ventricle  (figs.  355  and  358),  or  space 
between  the  medulla  and  cerebellum,  is  formed  by  that  portion  of  the 
back  ot  the  medulla  oblongata  which  is  situated  above  the  divergence  of 
the  posterior  pyramids.  Upon  it,  the  central  grey  matter  of  the  medulla 
oblongata  is,  as  it  were,  opened  out  to  view.  It  is  marked  by  a median 
turrow,  ending  inferiorly  in  the  calamus  scry  if  or/'ns  (fig.  355,  v),  and  at 
its  lower  end  is  a tubular  recess,  passing  down  the  centre  of  the  medulla 
tor  a few  lines.  This,  which  has  been  sometimes  named  the  ventricle  of 
Arantius,  is  the  upper  expanded  portion  of  the  central  canal  of  the 
spinal  cord. 


In  the  upper  part  of  the  floor  of  the  fourth  ventricle  are  two  longi- 
tudinal eminences,  one  on  each  side  of  the  middle  furrow,  greyish 
below,  but  appearing  white  higher  up.  These  are  formed  by  two 
bundles  of  white  fibres,  mixed  with  much  grey  matter,  the  fasciculi 
teretes  (fig.  358,  1). 

Suimoun ting  the  free  inner  margin  of  the  restiform  body  and  posterior 
pyramid  is  a thin  lamina,  the  liejula , occupying  the  angle  between  the 
cerebellum  and  the  restiform  body,  and  stretching  towards  its  fellow  of 
the  opposite  side.  It  derives  a certain  interest  from  indicating  how  the 
cylinder,  which  is  closed  in  the  spinal  cord,  might  be  completed  in  this 
legion  of  the  medulla  oblongata  by  the  union  of  the  opposite  margins. 

Transverse  fibres.— Crossing  the.  grey  matter  in  the  floor  of  the 
fouith  ventricle  several  transverse  white  lines,  or  sti'ice  medullares,  are 
usually  observed,  passing  outwards  from  the  median  fissure,  and  round 
the  sides  of  the  restiform  bodies  (figs.  355  and  358,  2).  Some  of  these 
white  strife  form  part  of  the  roots  of  the  auditory  nerves,  a few  run 
slantingly  upwards  and  outwards  on  the  floor  of  the  ventricle,  whilst 
others  again  embrace  the  corresponding  half  of  the  medulla  oblongata. 
These  transverse  lines  are  sometimes  wanting,  in  which  case  the  white 
fibres  on  which  they  depend  probably  exist  at  some  depth  below  the 
surface. 

A set  of  superficial  white  fibres  on  the  fore  part  and  sides  of  the 
medulla  oblongata,  crossing  over  it  below  the  olivary  bodies,  was 
described  by  Santorini  and  Bolando  as  fibres  vel  processus  arciformes. 
They  belong  to  a system  of  white  fibres  which  pass  transversely  or 
horizontally  outwards,  and  are  probably  continuous  with  the  septal 
fibres  about  to  be  noticed.  Sometimes  the  greater  part  of  the  pyramidal 
rind  olivary  bodies  is  covered  by  a thin  stratum  of  these  transverse 
fibres,  which  appear  to  issue  from  the  anterior  median  fissure  ; but, 
most  commonly,  these  superficial  fibres  are  found  only  at  the  lower  ex- 
tremity of  the  olive,  as  the  arciform  fibres  already  mentioned. 

Besides  the  superficial  transverse  fibres  now  referred  to,  the  medulla 
oblongata  presents  other  horizontal  fibres  in  its  interior,  some  of  them 
disposed  in  a mesial  raphe  or  septum  (fig.  357,  E),  and  numerous 
others  proceeding  from  that  septum  transversely  outwards.  Of  these 
last,  the  majority,  entering  the  olivary  bodies,  form  the  whole  of  their 
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white  substance  ; and  then  passing  radiately  through  the  grey  capsule, 
turn  backwards  to  the  restiform  body  and  lateral  column,  those  of  them 
which  pierce  the  anterior  wall  of  the  capsule  arching  round  it  to  reach 
their  destination.  Other  fibres  pass  behind  the  olivary  into  the  resti- 
form bodies,  and  seem  to  terminate  in  the  grey  substance  of  the  floor  oi 
the  fourth  ventricle. 

Origin  of  ISTorvos. — From  tli6  surf&CG  of  tliG  niGdiillci  CGitciin  of  tlio 
cranial  nerves  arise,  namely,  the  sixth  from  the  anterior  pyramids  close 
to  the  pons,  the  facial  and  auditory  from  the  restiform  body  close  to  the 
pons,  the  glosso-pliaryngeal,  pneumo-gastric,  and  spinal  accessoiy  from 
the  lateral  portion  of  the  medulla,  the  hypoglossal  from  the  groove  between 
the  anterior  pyramid  and  olivary  body.  Their  fibres  may  be  traced  to 
grey  matter  in  or  near  the  floor  of  the  fourth  ventricle  (see  p.  510  and 
5G8). 

Fig.  356.  — Diagrammatic  Representa- 
tion oe  the  Passage  of  the  Columns 

of  the  Medulla  Oblongata  upwards 

AND  DOWNWARDS. 

A,  the  specimen,  which  is  seen  from 
Before,  includes  the  medulla  oblongata  and 
the  pons  Varolii,  with  a small  portion  of 
the  spinal  marrow.  The  left  lateral  column 
(that  to  the  reader’s  right)  has  been  lifted 
out  of  its  place  to  the  side,  and  the  ante- 
rior and  posterior  columns  of  that  side 
remain  undisturbed  : the  right  anterior  and 
posterior  columns  have  been  removed,  and 
the  lateral  column  remains  in  its  place. 

The  upper  part  of  the  right  pyramid  is 
removed.  The  transverse  fibres  of  the  pons 
Varolii  have  been  divided  in  circumscribed 
portions  to  different  depths  corresponding 
with  the  several  places  of  passage  of  the 
columns  of  the  medulla. 

P,  pons  Varolii,  part  of  the  anterior  sur- 
face, where  it  has  been  left  entire  ; p,  the 
right  and  left  pyramids,  the  upper  part  of 
the  right  has  been  cut  away  ; p',  the  fibres 
of  the  left  pyramid,  as  they  ascend  through 
the  pons,  exposed  by  the  removal  of  the 
superficial  transverse  fibres  ; p",  placed  on 
the  deeper  transverse  fibres  of  the  pons  on  the  right  side,  below  the  divided  fibres  of  the 
pyramid  (these  transverse  fibres  a little  lower  down  constitute  the  part  known  as  the  “ tra- 
pezium ”) ; a,  left  anterior  column  of  the  cord,  passing  upwards  into  the  undecussated  part 
of  the  anterior  pyramid,  and  into  a1,  the  olivary  column  ; o,  olivary  body ; o',  the  continua- 
tion of  the  olivary  column  ascending  deeply  through  the  pons  and  exposed  by  the  removal 
of  a small  portion  of  the  deeper  transverse  fibres  ; o",  the  same  fibres  divided  by  a deeper 
incision  on  the  right  side  ; l,  the  right  lateral  column,  passing  upwards  into  the  following 
parts,  viz. , x , the  deeper  part  passing  by  decussation  into  the  left  pyramid  ; r,  the  part 
passing  into  the  restiform  body  ; ft,  the  part  ascending  in  the  back  of  the  fourth  ventricle 
as  the  fasciculus  teres  ; to  the  outer  side  of  this  are  seen  the  ascending  fibres  of  the  posterior 
pyramid  ; l , the  left  lateral  column  drawn  aside  from  its  place  in  the  spinal  cord  ; the 
fasciculus  teres,  ft,  and  the  part  to  the  restiform  body,  r,  cut  short  ; x , the  deeper  part 
passing  by  decussation  into  the  right  pyramid  ; ?•',  the  part  of  the  restiform  body  derived 
from  the  anterior  column  of  the  spinal  cord  ; pc,  the  posterior  column  of  the  left  side 
exposed  by  the  removal  of  the  lateral  column,  and  shown  ascending  to  the  restiform  body 
as  the  fasciculus  cuneatus,  fc  : on  the  right  side  the  posterior  column  being  removed,  fc, 
points  to  this  fasciculus  cuneatus  cut  short  below. 

L,  explanatory  outline  of  the  section  of  the  spinal  cord,  a,  anterior  columns  ; p, 
posterior ; l,  lateral. 


Fig.  356. 
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Fig.  357. — Magnified  Diagrammatic  Views  of  Transverse  Sections  of  the  Medulla 
Oblongata  (B  & D from  Lockhart  Clarke,  A,  C,  E after  Lockhart  Clarke  and 
Reichert.  F,  from  Stilling). 

In  all,  the  grey  substance  is  indicated  by  darker  shading. 

The  sections  represented  are,  A at  the  lower  part  of  the  decussation  of  the  pyramids ; 
T>,  through  the  middle  of  the  decussation  ; C,  through  the  lowest  part  of  the  olivary 
bodies  ; D,  just  below,  and  E,  just  above,  the  point  of  the  calamus  scriptorins ; 1',  a 
little  higher,  through  the  lower  part  of  the  fourth  ventricle. 
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c,  central  canal  and  grey  substance  surrounding  it  ; f,  anterior  median  fissure  ; fp, 
posterior  median  fissure;  r,  and  rn,  restiform  body  and  nucleus;  p p,  and  ppn, 
posterior  pyramid  and  its  nucleus  ; t tubercle  of  Rolando  ; l,  lateral  column  ; tbe 
anterior  column  of  tbe  cord  is  indicated  by  p in  A,  its  remains  by  a c in  B ; p in  the 
other  figures  indicates  the  anterior  pyramid  ; in  B,  its  decussation  ; a in  B points  to  the 
remains  of  the  anterior  cornu ; in  E to  the  superficial  arciform  fibres  : 1,  lateral  column  ; 
■o,  olivary  body;  o',  the  commissural  fibres  proceeding  from  its  interior  ; R,  raphe;  C,  1,  a, 
•and  C I-  p,  anterior  and  posterior  roots  of  first  cervical  nerves  ; tiii'  (E  and  F),  inner  audi- 
tory nucleus  ; x,  pneumogastric  nerve;  x'  ( x in  F),  its  nucleus  ; xi,  spinal  accessory  nerve  ; 
xI,)  its  nucleus  ; xxr,  hypoglossal  nerve  ; xil',  its  nucleus  (which  should  extend  nearer 
to  the  middle  line  than  is  represented  in  E). 


Course  of  fibres  from  the  spinal  cord  upwards  through  the 
medulla  oblongata. — Assuming,  for  convenience  of  description,  the 
existence  of  three  white  columns  of  the  cord,  these  are  disposed  as  follows. 

1.  The  posterior  column,  with  the  exception  of  the  posterior  median 
column  (from  which  it  is  here  distinguished  as  the  processus  cuneatus), 
enters  into  the  formation  of  the  restiform.  body,  which  ascends  to  the 
cerebellum.  The  posterior  median  column  (posterior  pyramid  or  fasci- 
culus gracilis)  ascends  to  the  cerebrum. 

2.  The  lateral  column  ascends  towards  the  base  of  the  olivary  body, 
and  is  disposed  of  in  three  ways  ; (1,)  some  of  its  fibres  from  the  sur- 
face and  deep  part  join  the  restiform  body  and  proceed  with  it  to  the 
cerebellum;  (2,)  a large  number  pass  obliquely  inwards,  then  come 
forwards  between,  the  anterior  columns,  and,  crossing  the  median  plane, 
appear  as  the  fibres  of  decussation,  and  form  the  chief  part  of  the 
opposite  anterior  pyramid;  (3,)  the  remaining  fibres  pass  up  to  the. 
cerebrum,  as  the  fasciculus  teres,  appearing  on  the  back  of  the  pons 
Varolii,  in  the  upper  part  of  the  floor  of  the  fourth  ventricle. 

3.  The  anterior  columns  (fig.  356,  a,  a')  having  reached  the  apex  of 
the  anterior  pyramids,  are  thrust  aside  from  their  median  position  by 
the  decussating  fibres  derived  from  the  lateral  columns,  and  are  then 
distributed  in  three  divisions.  (1,)  A very  small  division,  ascends  ob- 
liquely backwards  beneath  the  olivary  body,  and  joins  the  restiform  body 
{Solly)  (fig.  356,  r').  (2,)  Another  division  passes  directly  upwards,  and 
its  fibres  embrace  the  olivary  nucleus,  above  which  they  are  again 
collected  together,  and  are  joined  by  other  fibres  arising  from  the 
nucleus,  so  as  to  form  the  olivary  fasciculus  (fig.  356,  o');  this  ascends 
through  the  pons  and  at  the  side  of  the  cerebral  peduncle  under  the  f - 
name  of  the  fillet  (fig.  363,  /),  and  reaches  the  corpora  quadrigemina 
and  the  cerebral  hemispheres.  (3,)  The  remaining  division  of  the 
anterior^  column  ascends  into  the  anterior  pyramid,  forming  its  outer 
part.  The  anterior  pyramids  therefore  are  composed  of  fibres  from  the 
lateral  column  and  grey  substance  of  the  opposite  side,  and  from  the 
anterior  column  of  the  same  -side,  and  are  continued  up  through  the 
pons  into  the  peduncles  of  the  cerebrum. 

It  is  to  be  remembered,  however,  that  the  separation  between  these 
diueicnt  tracts  of  white  fibres  cannot  be  clearly  followed  out  through 
the  whole  structure  of  the  medulla  oblongata,  but  that  they  are  more 
or  less  blended  with  one  another. 

Grey  matter  of  medulla  oblongata  followed  upwards  from  tlie 
cord.— At  the  level  of  the  first  cervical  nerve  (fig.  357,  A,  348,  C,  I ),  the 
cential  giey  substance  is  increased  in  size,  the  posterior  horn  on  each  side 
is  thrown  outwards,  its  neck  is  slender  and  its  extremity  (caput  cornu)  is 
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enlarged.  Between  the  central  canal  (c)  and  the  bottom  of  the  anterior 
median  fissure  are  the  decussating  fibres.  A little  higher  (fig.  357  B)  the 
caput  cornu  has  increased  in  size  and  is  connected  with  the  "neck  on/vby 
a network.  1 he  central  grey  substance  is  encroached  upon  by  the  fibres 
j'om  the  lateral  columns  which  course  forwards  and  inwards  to  the 
decussation  (p)  and  separate  the  anterior  cornua  from  the  rest  of  the 
grey  substance.  The  substance  of  the  posterior  pyramid  becomes  filled 
with  cells  and  fibres  which  are  connected  with  the  posterior  cornu  near 
its  origin.  This  constitutes  the  post-pyramidal  nucleus  or  gang- 
lion (ppn).  A little  further  out,  on  each  side,  a projection  backwards 
from  the  cervex  cornu  into  the  restiform  body  constitutes  the  rudiment 
of  the  restiform  nucleus  (r  n).  Still  higher  up  the  medulla  (fig.  357,  C) 
these  masses  of  grey  matter  have  increased  in  size,  so  that  on  a level  with 
the  lower  part  of  the  olivary  bodies,  that  which  was  the  caput  cornu 
posterioris  approaches  the  surface,  behind  the  restiform  body,  and 
becomes  known  as  the  grey  tubercle  of  Rolando  (tr  C,  D and  E).  Still 
higher  up,  the  post-pyramidal  and  restiform  ganglia  coalesce,  and  both 
they  and  the  grey  tubercle  become  connected  with  the  nuclei  of  origin 
of  certain  nerves. 

The  olivary  nuclei  which  appear  on  the  outer  side  of  the  anterior 
pyramids  are  unconnected  with  the  system  of  grey  matter  nrolon°'ed 
from  the  spinal  cord. 

The  anterior  pyramids  are  free  from  grey  matter  in  their  interior,  and 
are  separated  from  the  rest  of  the  medulla  by  strong  septa  of  connective 
tissue,  and  from  one  another  by  a raphe,  which  extends  back  to  the 
grey  matter  surrounding  the  central  canal,  and  which  contains  mesial 
horizontal  fibres,  named  septal. 


Nerve  nuclei.— A continuous  series  of  collections  of  grey  matter, 
which  extends  from  beneath  the  corpora  quadrigemina,  downwards  along 
the  floor  of  the  fourth  ventricle  and  the  centre  of  the  medulla  oblongata 
as  far  as  the  decussation  of  the  pyramids,  constitutes  the  nuclei  of  origin 
of  the  cranial  nerves  from  the  third  to  the  hypoglossal.  Those  nuclei  con- 
tained in  the  medulla  oblongata  proper  give  origin  to  the  hypoglossal, 
the  spinal  accessory,  the  vagus,  and  the  glosso-pharyngeal  nerves.  Just 
above  the  decussation  the  narrowed  central  grey  matter  which  sur- 
rounds the  canal  contains  numerous  very  large  multipolar  cells,  arranged 
in  definite  groups  in  front  and  behind  the  canal,  and  symmetrical  on 
the  two  sides.  Those  in  front  of  the  canal  (fig.  257,  D xn')  give 
origin  to  the  fibres  of  the  hypoglossal  nerve,  which  may  be  seen  extend- 
ing from  them  through  the  olivary  body  to  emerge  at  its  inner  side. 
From  the  cells  behind  the  canal  (xi'),  the  upper  roots  of  the  spinal 
accessory  nerve  arise  and  pass  out  through  the  lateral  column  (xi).  At 
the  point  of  the  calamus  scriptorius  this  nucleus  becomes  divided  into 
two  parts  as  the  central  canal  of  the  cord  opens  into  the  fourth  ven- 
tricle, and  it  increases  in  size  at  the  expense  of  the  adjacent  part  of  the 
posterior  pyramid.  Its  cells  then  give  origin  to  the  fibres  of  the 
pneumogastric  or  vagus  nerve  and  constitute  the  vagal  nucleus.  Higher 
up  (E  and  F)  the  hypoglossal  nucleus  comes  to  the  surface,  and  dividing, 
pushes  apart  the  two  halves  of  the  vagal  nucleus,  which  have  increased 
in  size,  partly  at  the  expense  of  the  adjacent  post-pyramidal  nucleus. 
Their  cells  frequently  contain  brown  pigment  and  lie  in  a dense  net- 
work of  fine  nerve-fibres.  Still  higher  the  hypoglossal  nuclei  become 
smaller,  the  vagal  nuclei  also  lessen  in  size,  and  a group  of  cells  appears 
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to  the  ontsicle  and  in  front  of  the  vagal  nucleus,  which  gives  origin  to 
the  fibres  of  the’  glosso-pharyngeal  nerve.  The  post-pyramidal  and 
restiform  ganglia  have  by  this  time  become  blended,  and  constitute 
the  lower  part  of  the  inner  nucleus  of  the  auditory  nerve  (fig.  3o/, 

F viii').  . . . . . 

At  the  point  of  the  calamus  scriptonus  the  prominence  on  each  side 
of  the  median  furrow  indicates  the  position  of  the  lower  part  of  the 
vagal  nucleus.  A little  higher  up  these  vagal  eminences  diverge,  and 
between  them  the  hypoglossal  nuclei  come  to  the  surface.  A depression 
on  each  side  of  the  vagal  eminence  separates  it  from  that  of  the  inner  au- 
ditory nucleus.  Beneath  this  groove,  just  below  the  striae  medullares,  lies 
the  nucleus  of  the  glosso-pharyngeal  nerve.  The  hypoglossal  nuclei  cease 
near  the  striae  medullares,  but  the  eminence  beneath  which  they  lie 
blends  with  that  of  the  vagal  nucleus  and  is  continued  upwards  as  the 
“ eminentia  teres.”  Beneath  it,  above  the  striae  medullares,  lies  the 
common  nucleus  of  the  sixth  and  facial  nerves.  (See  p.  513.) 

THE  PONS  VAEOLII. 

The  pons  Varolii  or  tuber  annulare  (mesocephalon  of  Chaussier), 
forms  an  eminence  of  transverse  fibres  above  and  in  front  of  the  medulla 
oblongata,  belowT  and  behind  the  crura  cerebri,  and  between  the  lateral 
hemispheres  of  the  cerebellum.  (Fig.  361.)  Its  margins  are  arched  ; 
the  superior  much  more  so  than  the  inferior,  and  at  the  sides  its  trans- 
verse fibres  are  much  more  gathered  together,  forming,  at  the  place 
where  it  passes  into  the  cerebellum,  a narrower  bundle,  which  is  named 
the  middle  crus  of  the  cerebellum.  In  the  middle  line  the  pons  presents  a 
shallow  groove  in  which  the  basilar  artery  lies,  and  it  is  perforated  by 
small  branches  of  the  artery. 

The  superficial  fibres  are  transverse  in  their  general  direction,  but 
while  the  middle  fibres  pass  directly  across,  the  lower  set  ascend  slightly, 
and  the  superior  fibres,  which  are  the  most  curved,  descend  obliquely 
to  reach  the  crus  cerebelli  on  each  side  ; and  some  of  the  latter  cross 
obliquely  the  middle  and  lower  fibres,  so  as  to  conceal  them  at  the 
sides. 

Internal  Structure. — The  pons  consists  of  the  longitudinal  or 
peduncular  fibres  prolonged  upwards  from  the  medulla  oblongata,  of 
its  own  transverse  or  commissural  fibres,  through  which  the  longitu- 
dinal fibres  pass,  and  of  a large  intermixture  of  grey  matter.  When 
the  superficial  transverse  fibres  are  removed,  the  prolonged  fibres  of  the 
anterior  pyramids  come  into  view ; these,  as  they  ascend  through  the 
pons,  are  separated  into  smaller  bundles,  intersected  by  other  trans- 
verse white  fibres,  which,  with  those  upon  the  surface,  are  all  continued 
into  the  middle  peduncle  of  the  cerebellum  (see  fig.  358). 

. Opposite  the  lower  part  of  the  pons,  behind  the  fibres  from  the  ante- 
rior pyramids,  is  another  set  of  transverse  fibres,  which  have  a very 
uniform  course  (fig.  359,  ).  They  constitute  the  trapezium,  so  called 
because  m most  of  the  lower  annuals,  in  which  the  lower  fibres  of  the 
pons  are  not  developed  and  the  anterior  pyramids  are  small,  these 
transverse  fibres  partially  appear  on  the  surface  in  an  area  of  a some- 
what four-sided  shape.  Externally  they  curve  round,  and  many  are  con- 
nected with,  a collection  of  grey  matter  above  them,  called  the  superior 
olivary  body,  and  then  course  outwards,  across  the  fibres  of  the  facial 
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nerve  and  in  front  of  tlie  grey  tubercle,  to  reach  the  middle  crus  of  the 
cerebellum. 

The  median  septum  or  raphe,  which  exists  in  the  medulla  oblongata, 
is  prolonged  throughout  the  whole  height  of  the  pons  in  its  back  part, 
but  becomes  indistinct  in  approaching  the  front  or  basilar  surface, 
except  towards  its  upper  and  lower  edge,  where  the  superficial  fibres  of 
the  pons  are  manifestly  continuous  in  the  median  line  with  these  septal 
fibres.  Bundles  of  white  fibres,  belonging  to  the  same  system,  encircle 
the  crura  cerebri  at  their  emergence  from  the  upper  border  of  the 
pons. 

The  grey  matter  consists  of  small  round  and  fusiform  cells  and  forms 
a network  among  the  bundles  of  fibres. 

The  fourth  ventricle. — The  space  left  between  the  medulla  ob- 
longata in  front,  and  the  cerebellum  behind  (figs.  358,  and  362,  n ; 
384,  v 4),  is  named  the  fourth  ventricle,  or  ventricle  of  the  cerebellum. 

The  cavity  of  the  ventricle  is  of  a flat  rhomboidaf  shape,  being  con- 
tracted above  and  below,  and  widest  across  its  middle  part.  It  is 
bounded  laterally  by  the  superior  peduncles  (fig.  358,  5),  and  by  the 
line  of  union  of  the  medulla  oblongata  and  the  cerebellum.  Behind,  it  is 
covered  in  above  by  the  valve  of  Yieussens,  which  extends  across  between 
the  superior  peduncles  of  the  cerebellum,  aud  below  by  part  of  the 
inferior  vermiform  process  of  the  cerebellum  which  projects  into  it. 
The  upper  end  of  the  ventricle  is  continuous  with  the  Sylvian  aqueduct 
or  passage  (iter)  leading  up  to  the  third  ventricle. 


On  the  left  side  the  three 
cerebellar  peduncles  have  been 
cut  short  ; on  the  right  side 
the  white  substance  of  the 
cerebellum  has  been  preserved 
in  connection  with  the  supe- 
rior and  inferior  peduncles, 
while  the  middle  one  has  been 
cut  short. 

1,  median  groove  of  the 
fourth  ventricle  with  the  fas- 
ciculi teretes,  one  on  each 
side  ; 2,  the  same  groove  at 
the  place  where  the  white 
striffi  of  the  auditory  nerve 

emerge  from  it  to  cross  the 

floor  of  the  ventricle  ; 3,  inferior  peduncle  or  restiform  body  ; 4,  posterior  pyramid ; 
.above  this  the  calamus  scriptorius  ; 5,  superior  peduncle  or  processus  a y eve  hello  ad 
cerebrum  ; on  the  right  side  the  dissection  shows  the  superior  and  inferior  peduncles 
crossing  each  other  as  they  pass  into  the  white  centre  of  the  cerebellum  ; 6,  fillet  to  the 

side  of  the  crura  cerebri  ; 7,  lateral  grooves  of  the  crura  cerebri ; 8,  corpora  quadri- 

gemina. 


Fig.  358. 


Fig.  358. — View  of  the 
Floor  of  the  Fourth  Ven- 
tricle with  the  Posterior 
Surface  of  the  Medulla 
Oblongata  and  neigh- 
bouring PARTs(from  Sappey 
after  Hirschfeld  and  Le- 
veille). 


The  anterior  surface  or  floor  of  the  fourth  ventricle  is  formed  by  the 
back  of  the  medulla  oblongata  and  pons  Varolii.  It  is  shaped  like  a 
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lozenge,  truncated  at  its  upper  part.  Below,  it  is  bounded  by  the 
diverging  posterior  pyramids  and  restiform  bodies,  surmounted  by  the 
ligula. 

The  portion  below  the  auditory  strife  has  been  already  described. 
Just  above  the  striae  the  eminentia  teres  forms  a convex  prominence 
on  each  side  of  the  median  fuFrow.  To  its  outer  side  is  a depression, 
fovea  anterior , and  above  this,  near  the  upper  part  of  the  ventricle,  is  a 
'collection  of  pigment  beneath  the  surface  of  a shallow  depression, 
which  thus  has  a greyish  tint,  and  is  known  as  the  locus  cocruleus. 

The  lining  membrane  of  the  ventricle  is  continuous  with  that  of  the 
ventricles  in  the  interior  of  the  cerebrum,  through  the  aqueduct  of 
Sylvius,  in  which  situation  it  is  marked  by  delicate  rugae,  oblique  or 
longitudinal  in  direction.  At  the  sides  it  is  reflected  from  the  medulla 
to  the  cerebellum,  and  extends  for  a considerable  distance  outwards, 
in  the  form  of  a pouch,  between  the  flocculus  and  the  seventh  and 
eighth  nerves.  At  the  lower  end  of  the  ventricle,  there  is,  as  was 
ascertained  by  Magendie,  a narrow  orifice  in  the  membrane  by  which 
the  cavity  communicates  with  the  subarachnoid  space. 

Projecting  into  the  fourth  ventricle  at  each  side,  and  passing  from  the 
point  of  the  inferior  vermiform  process  outwards  and  upwards  to  the 
outer  border  of  the  restiform  bodies,  are  two  small  vascular  processes, 
which  have  been  named  the  chloroul  plexuses  of  the  fourth  ventricle. 

The  grey  matter  in  the  floor  of  the  fourth  ventricle  has  been 
in  part  described  in  connection  with  the  medulla  oblongata. 

Opposite  the  middle  of  the  fourth  ventricle,  beneath  the  eminentia 
teres  on  each  side,  lies  the  common  nucleus  of  the  sixth  and  seventh 
{facial)  nerves  (fig.  359,  vn').  These  nerves  to  reach  it  pass  upwards  as 


Fig.  359. 


Fig.  359.  Section  through  the  Pons  Varolii,  opposite  middle  op  Eminentia 

Teres. 


vii 


7n’  (Wml™  ’ VV-’  nervc  > VII,>  common  nucleus  of  seventh  and  sixth  nerves  ; 


./  ; > > ** , lAmimuu  nucleus  oi  sevenrn  ana  sixtn  nerves 

nuahuic  nf  ^ 10/t  ,SevcnJ;1  > T s>  sensory  nucleus  of  fifth  nerve;  v m,  motor 

-u  i . nei vc  ( ockhart  Clarke);  au,  auditory  nucleus;  so,  superior  olivary 

fihrM  from  \i  "VeiS+  .•  \GS  0t  trapezium;”  below  these  are  seen  the  cut  bundles  of 

vr  ® an  enm  Pyramids.  C P.  m,  middle  peduncle  of  cerebellum  cut  across. 

-M.,  superfacial  transverse  fibres. 
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well  as  backwards  through  the  pons,  the  sixth  having  a tolerably  straight 
course,  and  the  seventh  curving  inwards,  to  reach  the  nucleus  which  is 
much  nearer  to  the  middle  line  than  is  the  place  of  emergence  of  the 
nerve  from  the  side  of  the  medulla.  The  nucleus  consists  of  a column 
of  large  multipolar  nerve  cells,  and  in  it  nearly  all  the  fibres  of  the 
sixth  nerve,  and  a considerable  number  of  those  of  the  facial  end. 
Other  fibres  of  the  facial,  however,  pass  above  the  upper  extremity  of 
the  nucleus  and  then,  turning  down,  descend  on  its  inner  side  as  a 
compact  bundle  (fig.  359,  vu"),  and  opposite  the  lower  part  of  the 
nucleus  radiate  outwards  and  downwards,  some  to  the  superior  olivary 
body  (so)  and  others  to  an  adjacent  group  of  nerve  cells  from  which 
also  (higher  up)  the  fibres  of  the  motor  root  of  the  fifth  nerve  arise  ( v on). 

The  prominence  outside  the  vagal  nucleus  in  the  lower  part  of  the 
ventricle  marks  the  position  of  the  inner  nucleus  of  the  auditory  nerve 
(fig.  355).  It  is  triangular  on  section,  and  consists  of  oval  and  stellate 
nerve  cells,  smaller  than  those  of  the  facial  nucleus,  and  imbedded  in  a 
granular  matrix.  It  is  closely  connected  below  witli  the  nucleus  of  the 
glossopharyngeal  nerve,  and  above,  with  that  of  the  fifth  nerve.  . The 
outer  nucleus,  a little  higher  up,  is  placed  to  the  outer  side  of  the  inner 
nucleus,  and  consists  of  the  grey  network  of  cells  and  fibres  into  which 
the  restiform  and  post-pyramidal  nuclei  have  become  transformed. 
(Lockhart  Clarke.)  The  auditory  nerve  divides  into  two  nearly  equal 
parts  ; the  posterior  division  curves  round  the  restiform  body,  and 
arises  chiefly  from  the  inner  nucleus : the  anterior  division  passes 
through  the  substance  of  the  inferior  peduncle  of  the  cerebellum,  and 
arises  from  both  nuclei ; some  fibres  of  the  anterior  division  pass  w ith 
the  restiform  body  directly  to  the  cerebellum,  where  they  have  been 
traced  to  the  superior  vermiform  process.  Both  portions  of  the  auditory 
nerve  contain  many  nerve  cells  ; in  the  inferior  or  outer  portion  they 
constitute  a pyriform  swelling  at  the  anterior  edge  of  the  restiform 

The  sensory  portion  of  the  fifth  nerve  arises  from  a collection  of 
o-rey  substance  beneath  the  outer  part  of  the  floor  of  the  fouith  ven- 
tricle in  its  middle  third.  It  is  derived  chiefly  from  the.  continuation 
upwards  of  the  grey  tubercle  of  Rolando,  which  constitutes  a g 1 ey 
net-work  outside  the  facial  nerve  (fig.  359,  vs).  The  cells. are  small 
and  arranged  in  clusters  separated  by  the  fasciculi  .ot  origin  ot  t e 
nerve.  In  front  of  the  nucleus  a bundle  of  descending  fibres  passes 
down,  mingled  with  much  grey  matter,  to  the  lower  part  ot  le 
medulla  oblongata.  As  the  fibres  of  the  fifth  pass  to.  the  nucleus,  icy 
are  intimately  connected  with  the  fibres  of  the  anterior  division  ot  the 
auditory  nerve.  The  fibres  of  the  motor  root  of  the  fifth,  have  been 
traced  by  Lockhart  Clarke  to  a collection  of  cells  close  to  the  outer 
angle  of  the  fourth  ventricle,  on  the  inner  side  of  the  trunk  ot  tiie  nmi 
nerve.  The  prolongation  downwards  of  this  nucleus  (fig.  359,  yn),. 
is  situated  near  the  superior  olivary  body,  and  with  it  some  fibres  ot  the 

facial  are  also  connected.  . „ - „nll 

The  superior  olivary  body  (fig.  359,  so)  is  a collection  of  sim 
cells,  which  lies  above  the  outer  part  of  the  trapezium. . *n.  mau  1 . 

very  much  smaller  than  the  inferior  olivary  body,  to  which  it  docs  not 
present  much  resemblance.  In  some  animals,  however,  it 1S  laiSe1’  ‘ 
presents  a distinctly  sinuous  outline.  From  it  some  of  the  fibres  of  the 

trapezium  arise. 
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From  these  nuclei,  groups  of  nerve-cells  may  be  traced  for  a con- 
siderable distance  down  the  medulla.  The  relation  of  the  auditory 
nuclei,  and  of  the  sensory  nucleus  of  the  fifth,  to  the  grey  matter  of  the 
medulla,  has  been  already  spoken  oi.  In  the  position  of  the  motor 
nucleus  of  the  fifth,  cells  can  be  traced  as  far  as  the  point  of  the 
calamus  scriptorius.  From  the  facial  nucleus,  a group  of  cells  extends 
down  to  the  inner  side  of  the  hypoglossal  nucleus,  to  the  lowest  part  of 
which  it  may  be  traced.  This  relation  is  of  considerable  interest  in 
connection  with  the  conjoined  movements  of  the  lips  and  tongue. 

(For  fuller  details  on  the  anatomy  of  the  medulla  oblongata  and  pons 
Varolii  the  reader  is  referred  to  Lockhart  Clarke’s  paper  in  the  Philo- 
sophical Transactions  for  18G8,  to  Meynert’s  article  on  the  Brain  in 
Strieker’s  Histology,  to  Plenle’s  Handbuch  der  Anatomie,  Bd.  iii., 
Abth.  2,  and  to  Kolliker’s  Handbuch  der  Gewebelehre,  5th  ed.) 


THE  CEREBELLUM. 

The  Cerebellum  hinder  brain , consists  of  a body  and  of  three  pairs  of 
crura  or  peduncles,  by  which  it  is  connected  with  the  rest  of  the  cerebro- 
spinal axis. 

The  cerebellum  is  covered  with  grey  cortical  substance,  rather  darker 
than  that  of  the  cerebrum.  Its  greatest  diameter  is  transverse,  and 
•extends  to  about  three  and  a half  or  four  inches  : its  width  from  before 
backwards  is  about  two  or  two  and  a half  inches ; and  its  greatest 
depth  is  about  two  inches,  but  it  is  much  thinner  round  its  outer 
border. 


At  the  upper  part  of  the  figure,  the 
crura  cerebri  and  parts  behind  them 
have  been  cut  through  and  left  in  con- 
nection with  the  cerebellum. 

III.  the  third  pair  of  nerves  lying 
upon  the  crura  cerebri ; c r,  white 
matter  or  crust  of  the  crura  cerebri  ; 
l n,  locus  niger  ; t,  tegmentum  contain- 
ing grey  matter  in  the  upper  part  of 
the  crura ; a s,  aqueduct  of  Sylvius  ; 
q,  corpora  quadrigemina,  the  upper 
elevations  divided  ; s v,  superior  ver- 
miform process,  some  of  the  foremost 
folia,  immediately  behind  q,  form  the 
central  lobe  (of  lleil)  ; l q,  lobulus 
quadratus ; p s,  posterior  superior  lobe ; 

/ h,  horizontal  fissure  ; p i,  posterior  inferior  lobe  ; n,  the  notch  between  the  hemi- 
spheres. 


Fig.  360. — Outline  of  the  Upper 
Surface  of  the  Cerebellum.  (Allen 
Thomson. ) ^ 


Fig.  360. 


It  consists  of  two  lateral  hemispheres  joined  together  by  a median 
portion  called  the  vermiform  process,  which  in  man  is  distinguishable 
only  as  a small  though  well  marked  part  below,  named  the  inferior 
vermiform  process,  and  a mere  elevation  above,  called  the  superior 
vermiform  process  (fig.  3 GO).  In  birds,  and  in  animals  lower  in 
the  scale,  this  middle  part  of  the  cerebellum  alone  exists  ; and  in 
most  mammals  it  forms  a central  lobe  very  distinct  from  the  lateral 
portions. 

The  hemispheres  are  separated  behind  by  a deep  notch  (fig.  3G0,  n). 
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Superiorly,  the  median  portion  or  upper  vermiform  process,  though 
slightly  elevated,  is  not  marked  off  from  the  hemispheres,  so  that  the 
general  surface  of  the  organ,  which  is  here  inclined  and  flattened  on 
each  side,  is  uninterrupted.  Below,  the  hemispheres  are  convex,  and 
are  separated  by  a deep  fossa,  named  the  vallecula,  which  is  continuous 
with  the  notch  behind,  and  in  which  the  inferior  vermiform  process 
(fig.  3G1,  2,2  ; fig.  3G2,  cpu)  lies  concealed  in  a great  measure  by  the 
surrounding  parts.  Into  this  hollow  the  medulla  oblongata  is  received 
in  front,  and  the  falx  cerebelli  behind. 

The  peduncles  are  named  superior,  middle,  and  inferior,  and  connect 
the  hemispheres  of  the  cerebellum  with  the  brain,  spinal  cord,  and  with 
each  other. 

The  superior  'peduncles  (fig.  358,  5),  crura  ad  cerebrum  or  processus 
ad  testes,  together  with  the  valve  of  Yieussens,  a lamina  stretched 
between  them,  connect  the  cerebellum  with  the  cerebrum. 

The  inferior  peduncles  (fig.  358,  3),  crura  ad  medullam,  are  the  upper 
extremities  of  the  restiform  bodies. 

The  middle  peduncles  (fig.  3G1,  8),  or  crura  ad  pontem,  much 
the  largest,  are  the  lateral  extremities  of  the  transverse  fibres  of  the 
pons  Varolii.  They  connect  together  the  two  halves  of  the  cerebellum 
interiorly. 

All  these  peduncles  pass  into  the  interior  of  the  cerebellum  at  its 
fore  part. 

Folia. — The  cerebellum,  at  the  surface,  and  for  some  depth,  consists 
of  numerous  nearly  parallel  laminae  or  folia,  which  are  composed  of  grey 


Fig.  361. — Inferior  Surface  of  the  Cerebellum  with  the  Pons  Varolii  and 
Medulla  Oblongata  (from  Sappey  after  Hirschfeld  and  Leveilld).  § 

1,  placed  in  the  notch  between  the  cerebellar  hemispheres,  is  below  the  iufeiior 
vermiform  process  ; 2,  2,  median  depression  or  vallecula  ; 3,  3,  3,  the  biventral,  slender, 
and  posterior  inferior  lobules  of  the  hemisphere  ; 4,  the  amygdala  ; 5,  flocculus  or  sub- 
peduncular  lobule  ; 6,  pious  Varolii  ; 7,  its  median  groove;  8,  middle  peduncle  of  tie 
cerebellum  ; 9,  medulla  oblongata  ; 10,  11,  anterior  part  of  the  great  horizontal  fissuie  , 
12,  13,  smaller  and  greater  roots  of  the  fifth  pair  of  nerves  ; 14,  sixth  pair  ; 15,  iacia 
nerve  ; 16,  liars  intermedia  ; 17,  auditory  nerve  ; 18,  glosso -pharyngeal ; 19,  pneumo- 
gastric  ; 20,  spinal  accessory  ; 21,  hypoglossal  nerve. 
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and  white  matter,  and  might  he  compared  with  the  gyri  of  the  cere- 
brum, but  are  smaller  and  without  convolution.  These  laminae  are 
separated  by  slightly-curved  grooves  or  sulci  of  different  depths. 

Fissures.— One  principal  fissure,  or  sulcus,  named  the  great  horizontal 
fissure  (fig.  3G0,  f h),  divides  the  cerebellum  into  an  upper  and  a lowei 
portion,  ‘it  begins  in  front  at  the  entrance  of  the  middle  peduncles, 
and  passes  horizontally  backwards  round  the  outei  bolder  of  the 
hemispheres.  From  this  primary  fissure,  numerous  others  proceed  on 
both  the  upper  and  under  surfaces,  forming  nearly  parallel  curves, 
having  their  concavities  turned  forwards,  and  separating  the  folia  from 
each  other.  All  these  furrows  do  not_  go  entirely  round  the  hemis- 
phere, for  many  of  them  coalesce  one  with  another  ; and  some  of  the 
smaller  furrows  have  even  an  oblique  course  between  the  others.  More- 
over, on  opening  the  larger  fissures,  many  of  the  folia  are  seen  to  lie 
concealed  within  them,  and  do  not  reach  the  surface  of  the  cerebellum. 

Lobes.— Certain-  fissures,  which  are  deeper  than  the  rest,  and  constant 
in  their  position,  have  been  described  as  separating  the  cerebellum  into 
lobes,  which  are  named  as  follows. 

The  central  lobe,  situated  on  the  upper  surface  (fig.  360,  9),  consists  of 
about  eight  folia,  immediately  adjoining  the  anterior  concave  border. 
The  superior  and  anterior  lobe,  sometimes  called  quadrate  (1.  q),  and  the 
superior  and  posterior  lobe  (p.  s.),  are  placed  between  the  central  lobe  and 
the  great  horizontal  fissure.  On  the  under  surface  (fig.  362)  are  seen 

Fig.  362. 


Fig.  362. — Inferior  Surface  of  the  Cerebellum  with  the  Posterior  Medullary 
A elum  (Allen  Thomson  after  llcil  and  Reichert,  and  from  nature).  | 

The  medulla  oblongata  has  been  in  great  part  removed  by  a cut  passing  through  it 
near  the  pons  A arolii  ; the  two  amygdaloid  lobules  have  also  been  removed,  and  the 
medulla  and  pons  A arolii  pulled  downwards  in  order  to  bring  into  view  the  posterior 
medullary  velum. 

p .v,  posterior  superior  lobe  of  the  cerebellum  ; f li,  horizontal  fissure  ; p i,  posterior 
interior  lobe  ; <j,  lobulus  gracilis  ; b !,  biventral  lobe  ; e,  placed  on  the  folia  which  pass 
across  between  the  hemispheres  of  opposite  sides  ; p,  pyramid  ; u,  uvula ; n,  placed  in 
the  fourth  ventricle  immediately  below  the  nodule  ; p v,  on  each  side,  placed  on  the  cut 
suitace  where  the  amygdalae  have  been  removed,  points  hyaline  to  the  posterior  medullary 
J,e  u.m  ’ v.’  1 ’ cayR.y  °f  the  fourth  ventricle  within  the  borders  of  the  velum  and  behind 
t le  m enoi  ceiebellar  peduncles  ; the  cavity  extends  on  each  side  into  the  pedicle  of  the 
floccu  us,/,  vi,  section  of  the  medulla  oblongata,  in  which  the  posterior  opening  of  the 
olivary  capsules  ot  grey  matter  is  shown  ; A'l,  sixth  nerves  : A’,  roots  of  the  fifth  nerves, 
and  above  them,  the  facial  and  auditory  roots. 
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successively  the  inferior  posterior  lobe,  the  slender  lobe,  the  biventral  lobe, 
the  amygdala  (fig. 361, 4),  and  the  subpedmcular  lobe  or  flocculus.  This 
last-named  lobule  projects  behind  and  below  the  middle  peduncle  of 
the  cerebellum.  It  is  connected  by  a slender  pedicle  of  white  fibres  to 
the  rest  of  the  hemisphere  ; but  its  exposed  surface  is  grey,  and  is  sub- 
divided into  five  or  six  small  laminae. 

Vallecula. — Within  the  vallecula  (fig.  3G2),  or  on  its  borders,  the 
following  parts  are  seen. 

Commencing  from  behind,  a conical  and  laminated  projection  named 
th q pyramid  (p),  is  first  met  with.  In  front  of  that  is  another  smaller 
projection,  called  the  uvula  («),  which  is  placed  between  the  two  rounded 
lobes  at  the  sides  of  the  vallecula,  named  the  amygdala  (removed  at 
p,  v) ; these  terms  having  been  suggested  by  a comparison  with  the 
parts  so  named  in  the  throat.  Between  the  uvula  and  amygdalae  on 
each  side,  but  concealed  from  view,  is  extended  a ridge  of  grey  matter 
indented  on  the  surface,  aud  named  the  furrowed  band.  Still  further 
forward  is  the  anterior  pointed  termination  of  the  inferior  vermiform 
process,  named  the  nodule  (above  n),  which  projects  into  the  fourth 
ventricle,  and  has  been  named  the  laminated  tubercle  (Malacame).  On 
each  side  of  the  nodule  is  a thin  white  lamella  of  a semilunar  form, 
which  is  attached  by  its  posterior  convex  border,  and  is  free  and  con- 
cave in  front  (p  v).  The  outer  ends  of  these  lamellae  are  attached  to 
the  flocculi,  and  the  inner  ends  to  the  nodule,  and  to  each  other  in 
front  of  that  projection.  The  two  lamellae  together  constitute  the  pos- 
terior medullary  velum,  which  has  been  compared  with  the  valve  of 
Vieussens, — the  one  being  attached  to  the  superior  extremity  and  the 
other  to  the  inferior  extremity  of  the  middle  or  vermiform  portion  of 
the  cerebellum.  This  posterior  velum  is  covered  in  and  concealed 
by  the  amygdalae,  and  cannot  be  properly  seen  until  those  lobules  have 
been  turned  aside  or  removed,  as  in  the  figure  (see  also  fig.  384). 

Internal  Structure. — The  central  part  is  composed  of  white 
matter,  which  sends  out  spreading  and  gradually  thinning  layers  into 
the  interior  of  all  the  lam  into,  larger  and  smaller,  of  the  grey  substance 
which  form  a continuous  covering  on  the  surface.  In  consequence  of 
this  arrangement  of  the  white  and  grey  substances,  sections  of  the 
cerebellum  crossing  the  laminre,  and  dividing  the  grey  and  white  sub- 
stance together,  present  a beautifully  foliated  or  arborescent  appear- 


Fig.  363. 


Fig.  363. — Outline  Sketch  of  a Ver- 
tical Section  of  the  Cerebellum 
to  show  the  Corpus  Dentatum  in  its 
Medullary  Stem.  (Allen Thomson.)  § 

The  section  has  been  carried  through 
the  left  lateral  part  of  the  pons  so  as  to 
divide  the  superior  peduncle  and  pass 
nearly  through  the  middle  of  the  left 
cerebellar  hemisphere.  The  olivary  body 
has  also  been  divided  longitudinally  so  as 
to  expose  in  section  its  corpus  dentatum. 

cr,  crus  cerebri  ; f,  fillet ; q,  corpora 
quadrigemina  ; sp,  superior  peduncle  ot 
the  cerebellum  divided  ; m p,  middle 


pe  luncle  or  lateral  part  of  the  pons  Varolii,  with  fibres  passing  from  it  into  the  white 
stem  ; a v,  continuation  of  the  white  stem  radiating  towards  the  arbor  vitte  of  the  folia  ; 
c d,  corpus  dentatum  ; o,  olivary  body  with  its  corpus  dentatum  ; p,  anterior  pyramid. 
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ance,  named  art, or  vita  («  »,  fig-  ^ . T}}'\  appearance  is  seen  m 
any  vertical  section,  but  it  is  most  perfect  m that  winch  passes  through 
the  median  plane,  where  the  relative  quantity  of  the  central  white 
matter  is  small.  The  foliations  are  arranged  somewhat  pinnatcly, 
the  section  of  each  primary  lamina  having  those  of  secondaiy  laminae 

clustered  round  it  like  leaflets  on  a stalk. 

In  the  lateral  hemispheres,  where  the  peduncles  enter,  the  white 
matter  is  more  abundant  ; and,  if  a section  be  made  through  either 
hemisphere  half  way  between  its  centre  and  the  middle  of  the  vermi- 
form process,  it  will  display  a nucleus  of  ^ey  matter,  which  is  named 
the  corpus  dentatum  of  the  cerebellum  (cd).  this  structure,  very 
similar  to  that  already  described  m the  olivary  body  of  the  medulla 
oblongata,  presents  the  appearance  of  a waved  line  of  compact  yellowish 
brown  matter,  surrounded  by  white  substance  and  containing  whitish 
matter  within.  This  line  is  interrupted  at  its  upper  and  inner  part. 
In  whatever  direction  the  section  .is  carried  through  the  corpus  den- 
tatum, this  waved  line  is  seen,  so  that  the  dentate  body  may  be 
described  as  consisting  of  a plicated  pouch  or  capsule  of  grey  sub- 
stance open  at  one  part  and  inclosing  white  matter  in  its  interior,  like 
the  corpus  dentatum  of  the  olivary  body.  White  fibres  may  be  traced 
from  it  to  the  superior  peduncles  of  the  cerebellum  and  to  the  valve  of 
Vieussens. 


Fig.  364. — View  of  a Dissection 
of  the  Fibres  of  the  Medulla 
Oblongata  and  Pons  Yarolii 
(from  Arnold).  8 

6,  the  anterior  pyramid  ; V,  its 
fibres  traced  upwards  through  the 
pons  Yarolii ; c,  olivary  column  ; d, 
olivary  body  ; m,  superficial  trans- 
verse fibres  of  the  pons  on  its  left 
side  ; m',  the  deeper  transverse 
fibres  of  the  right  side  ; m",  the 
prolongation  of  these  fibres  as  middle 
peduncle  of  the  cerebellum  ; p,  q, 
their  continuation  into  the  lamina 
and  folia  of  the  cerebellum  ; n,  in- 
ferior peduncle  ; x,  the  decussating 
part  of  the  left  lateral  column  cross- 
ing to  the  right  anterior  pyramid. 


Fig.  364. 


The  fibres  in  the  primary  lamellae  can  he  traced  continuously  from  the  peduncles 
of  the  cerebellum.  Upon  these  central  plates  are  laid  other  collateral  lamella-, 
which  are  not  connected  with  the  fibres  proceeding  from  the  middle  of  the 
cerebellum,  but  merely  pass  from  one  folium  to  another. 

The  grey  matter  is  not  uniform  throughout  its  whole  thickness,  but  is  com- 
posed of  two  or  more  layers  differing  in  colour  and  other  characters  ; — resem- 
bling, in  this  respect,  the  cortical  substance  of  the  posterior  convolutions  of  the 
cerebrum.  ' 

The  fibres  composing  the  peduncles  of  the  cerebellum  are  arranged  in  its 
interior  in  the  following  manner.  The  middle  peduncles,  which  are  the  most 
superficial,  enter  the  lateral  parts  of  the  cerebellum ; they  may  be  traced  into  the 
folia  of  these  parts,  and  form  a large  part  of  each  hemisphere  (fig.  364.  in"').  The 
inferior  peduncles  (fig.  365,  n q)  pass  upwards  into  the  middle  part  of  the  cere- 
bellum. in  the  folia  of  which  they  are  distributed,  especially  in  those  of  the  upper 
surface.  The  superior  peduncles  (?•;  see  also  fig.  358).  which  are  placed  nearest 
to  the  middle  line,  are  principally  connected  with  the  folia  of  the  inferior  venni- 
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form  process;  but  a considerable  number  of  their  fibres  pass  into  or  issue  from 


Fig.  365. — The  Columns  of  the 
Medulla  Oblongata  traced 
UPWARDS  INTO  THE  CEREBELLUM 
and  Cerebrum  (from  Arnold).  3 

a,  part  of  the  anterior  column 
which  ascends  in  the  olivary  column ; 
b,  decussating  portion  of  the  lateral 
column  forming  the  pyramid  and 
turn  down ; c,  olivary  fasciculus 
ascending  deeply  through  the  pons  ; 
cl,  olivary  body  ; e,  restiform  body  ; 
/,  cj,  corpora  quadrigemina  ; c,  h,  i, 
the  fillet  ; h,  the  part  which  ascends 
to  the  cerebral  peduncle  ; i,  the 
part  passing  up  to  the  corpora 
quadrigemina ; m,  m,  the  trans- 
verse fibres  of  the  pons  divided  ; n, 
inferior  peduncle  of  the  cerebellum ; 

o,  septal  fibres  of  the  medulla  oblongata  ; q,  fibres  of  the  inferior  peduncle  continued 
into  the  lamime  of  the  cerebellum  ; r,  r,  superior  peduncle  ; t,  fasciculus  teres ; u, 
thalamus  ; v corpus  albicans. 

A very  different  account  from  that  which  has  generally  been  received  of  the 
course  and  relations  of  the  tracts  of  nervous  substance  of  the  cerebellum  has 
recently  been  put  forward  by  Luys,  but  has  not  yet  received  corroboration. 
According  to  the  statement  of  this  author,  all  the  fibres  of  the  cerebellar  peduncles 
arise  from  the  interior  of  the  corpora  dentata  ; the  cells  of  those  centres  receive 
externally  fibres  from  the  laminated  periphery  of  the  cerebellum,  and  internally 
give  origin  to  the  peduncular  fibres  ; the  fibres  of  the  inferior  peduncles  of 
opposite  sides  cross  the  middle  line  and  terminate  in  the  interior  of  the  olivary 
nuclei ; and  the  fibres  of  the  superior  peduncles,  likewise  decussating  in  the 
mesial  plane  before  quitting  the  cerebellum,  terminate  in  a grey  centre  of  the 
interior  of  the  tegmentum  of  the  #crus  cerebri,  and  thus  the  fibres  of  the 
cerebellum  form  a separate  system  indirectly  connected  with  the  fibres  of  the 
rest  of  the  cerebro-spinal  axis.  (Luys,  in  Journ.  de  l'Anat.  et  de  Physiol.,  1864, 

p.  225.) 

Minute  Structure. — The  cortical  grey  substance  is  composed  of  an 
external  clear  grey  layer,  an  inner  greyish-red  “ granule  ” layer,  and 
between  the  two  a single  layer  of  large  cells  with  long  processes, 
termed  the  corpuscles  of  Purkinje.  Outside  all  is  the  layer  of  fibres 
and  vessels  of  the  pia  mater. 

The  external  layer  (fig.  366,  b)  consists  of  a delicate  matrix,  probably 
of  the  nature  of  connective  tissue,  containing  cells  and  fibres.  Most  of 
the  fibres  have  a direction  at  right  angles  to  the  surface ; the  greater 
part  of  them  are  the  processes  of  the  large  nerve  cells  which  lie  between 
the  two  layers.  Others  are  fine  connective  tissue  fibres,  analagous 
to  the  sustentacular  fibres  of  the  retina,  and  connected  by  a broad  base 
with  the  pia-matral  covering.  Tho  corpuscles  are  granule-like  bodies, 
some  very  small,  and  connected  probably  with  the  connective  tissue 
matrix,  others  larger  and  surrounded  by  protoplasm  from  which  pro- 
cesses extend.  Some  of  the  corpuscles  are  connected  with  the  processes 
of  the  larger  cells.*  (See  fig.  367.)  The  inner  part  of  this  layer,  con- 

* A connection  described  by  Lockhart  Clarke  (Froc.  Roy.  Soc.,  1S63),  and  sub- 
sequently by  Obersteiner,  and  recently  confirmed  (independently)  by  Mr.  H.  R.  0.  Sankey, 
student  of  University  College. 


wie  grey  capsule  ot  the  corpus  dentatum. 
Fig.  365. 
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tiguous  with  the  corpuscles  of  Purkinje,  contains  some  neive  fibres 
parallel  to  the  surface. 


Fig.  366. — Structure  op  Cortex 
of  Cerebellum  (from  a drawing 


Fig.  366. 


by  Mr.  H.  R.  0.  Sankey). 


a,  pia  mater  ; b,  external  layer  ; 

c,  layer  of  corpuscles  of  Purkinje ; 

d,  inner  or  granule  layer ; e,  me- 
dullary centre. 


The  inner  layer,  “granule 
layer,”  (fig.  366  d),  next  the 
medullary  centre,  consists  of 
granule-like  corpuscles  which 
lie  in  dense  groups,  in  a gela- 
tinous matrix,  containing  a 
plexus  of  fine  nerve  fibres. 

The  corpuscles  vary  in  size 
from  -foVoth  to  the  yitoo^  ^ 
an  inch,  the  larger  being  less 
densely  scattered  around  the 
corpuscles  of  Purkinje.  Some 
are  round,  others  angular, 
and  possess  a protoplasmic 
envelope  with  processes,  sup- 
posed to  be  connected  with 
the  plexus  of  fine  nerve  fibres, 
among  which  they  lie. 

The  cells  of  Purhinje  (c)  lie 
in  a single  layer,  between  the 
outer  and  inner  layers  of  the 
cortex.  Their  distance  apart 
is  greater  on  the  sides  than 
at  the  apex  of  the  convolu- 
tion. Some  are  irregular  in 
.shape,  but  many  are  flask- 
shaped, their  long  axis  being 
at  right  angles  to  the  sur- 
face ; the  diameter  of  the 
larger  cells  is  the  -gi^th  to 
ToVoth  of  an  inch  ; each  contains  a spherical  nucleolated  nucleus.  Pro- 
cesses extend  from  them  into  both  the  outer  and  inner  layers  : the  outer 
process  is  much  the  larger,  and  is  granular  or  finely  striated  in  texture. 
It  divides  usually  near  the  cell,  and  its  branches,  either  at  once  or  after  a 
short  horizontal  course,  pass  towards  the  surface,  dividing  repeatedly. 
Some  are  apparently  connected  with  the  angular  corpuscles  of  this 
layer,  but  most  can  be  traced  almost  to  the  outer  surface,  and  are  there 
lost. . They  have  been  said  to  turn  back  and  end  in  the  granule  layer. 
The  inner  process  is  fine,  undivided,  and  passes  into  the  granule  layer. 
It^is  supposed  to  be  continuous  with  the  axis  cylinder  of  a nerve  fibre. 

The  medullary  centre,  consists  of  nerve  fibres  arranged  in  parallel 
or  interlacing  bundles,  which  pass  off  on  each  side  and  form  the  central 
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stem  of  the  laminae,  whence  they  radiate  into  the  cortex.  They  disappear 
in  the  granule  layer,  and  are  commonly  believed  to  be  continuous  with 

the  outer  processes  of  the 
FiS-  367.  corpuscles  of  Purkinje,  but 

some  consider  that  they 
arise,  in  part  at  least,  by 
the  union  of  the  fine  fibres 
of  the  plexus  in  which  the 
granules  of  the  outer  layer 
are  embedded. 

Fig.  367. — From  the  Outer  Layer 
of  the  Cerebellum  (from  a 
drawing  by  Mr.  H.  It.  0.  Sankey). 
Processes  of  the  Corpuscles 
of  Purkinje,  connected,  by 
their  finer  Branches,  with 
the  Corpuscles  of  the  Outer 
Layer.  (Highly  magnified. ) 

The  structure  of  the  cor- 
pus dentatum  resembles  that 
of  the  olivary  bod}'.  Stel- 
late cells,  TsVoth  to  atWth 
inch  in  size,  lie  in  several 
layers,  among,  a plexus  of 
finer  nerve  fibres,  passing  in 
various  directions,  but  chiefly 
from  without  inwards. 


THE  CEREBRUM. 

The  cerebrum,  or  brain  proper,  constitutes  the  highest  and  much  the 
largest  portion  of  the  encephalon.  It  consists  of  the  following  parts, 
viz.,  the  peduncular  masses  of  the  crura  cerebri  and  processus  a 
cerebello  ad  cerebrum  ; the  series  of  eminences  or  cerebral  centres  or 
ganglia  concealed  from  view,  named  corpora  quadrigemina,  optic 
thalami  and  corpora  striata ; the  cerebral  hemispheres,  which  are  by  far 
the  most  bulky  part  of  the  cerebrum ; various  commissural  structures 
including  the  corpus  callosum  and  fornix;  and  lastly  some  smaller 
structures,  viz.,  the  pineal  and  the  pituitary  bodies,  and  the  olfactory 
bulbs. 


EXTERIOR  OF  THE  CEREBRUM. 

The  cerebral  hemispheres  together  form  an  ovoid  mass,  flattened  on 
its  under  side,  and  placed  in  the  cranium  with  its  smaller  end  forwards, 
its  greatest  width  being  opposite  to  the  parietal  eminences.  They 
are  separated  in  the  greater  part  of  their  extent  by  the  great  longitu- 
dinal fissure. 

Each  cerebral  hemisphere  has  an  outer,  convex  surface,  in  contact 
with  the  vault  of  the  cranium ; an  inner  or  median,  flat  surface,  which 
forms  one  side  of  the  longitudinal  fissure ; and  an  irregular  under 
surface,  in  which  is  a deep  cleft,  the  fissure  of  Sylvius.  In  front  of  this 
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cleft  the  under  surface  rests  in  the  anterior  fossa  of  the  base  of  the  skull, 
and  behind  it  in  the  middle  fossa,  and  further  back  still,  on  the  ten- 
torium cerebelli.  ^ 

The  great  longitudinal  fissure  (fig.  372,  1 1),  seen  upon  the  upper  sur- 
‘ faCe  of ‘the  brain,  extends  from  before  backwards  throughout  its  whole 
leno-th  in  the  median  plane,  and  thus  separates  the  cerebrum,  as  already 
stated,  into  a right  and  left  hemisphere.  On  opening  this  fissure,  it  is 
seen  both  before  and  behind,  to  pass  quite  through  to  the  base  of  the 
cerebrum  • but  in  the  middle  it  is  interrupted  by  a large  transverse  mass 
of  white  substance,  named  the  corpus  callosum , which  connects  the  two 
hemispheres  together.  While  the  brain  is  in  its  natural  situation,  this 
fissure  is  occupied  by  a vertical  process  of  the  dura  mater — the  falx 
cerebri— which  dips  down  between  the  two  hemispheres,  not  quite 
reaching  to  the  corpus  callosum. 

The  Surface  of  the  Hemispheres  is  composed  of  grey  matter,  and 
is  moulded  into  numerous  smooth  and  tortuous  eminences,  named  con- 
volutions or  gyri,  which  are  marked  off  from  each  other  by  deep  furrows, 
called  sulci,  or  anfractuosities. 

Lobes  of  the  cerebrum. — These  are  five  in  number,  termed 
respectively,  frontal , parietal,  occipital,  temporo-sphenoiclal  and  central. 
The  three  former  are  in  contact  with  the  bones  after  which  they  are 
named,  though  their  limits  do  not  correspond  to  those  of  the  bones  ; 
the  fourth  occupies  the  middle  or  temporo-sphenoidal  fossa  in  the  base 
of  the  skull,  while  the  central  lobe  or  island  of  Reil  lies  within  the 
fissure  of  Sylvius.  The  divisions  between  these  lobes  are  marked  by 
certain  conspicuous  fissures  and  by  artificial  lines  connecting  those 
fissures.  Their  real  limits  will  be  better  understood  when  the  convolu- 
tions and  fissures  have  been  described. 

Formerly  it  was  customary  to  divide  each  hemisphere  into  three  lobes,  an 
anterior,  in  front  of  the  fissure  of  Sylvius,  a middle,  behind  that  fissure  and  rest- 
ing- in  the  temporo-sphenoidal  fossa,  and  a posterior  lobe  behind  it,  resting  on 
the  tentorium  cerebelli.  The  division  into  five  lobes,  now  generally  adopted, 
was  first  made  by  Gratiolet. 

The  Convolutions  are  covered  closely  throughout  by  the  vascular 
investing  membrane,  the  pia  mater,  which  sends  processes  down  to 
the  bottom  of  the  sulci  between  them,  while  the  serous  covering,  the 
arachnoid  membrane,  passing  from  one  convolution  to  another,  over 
their  summits  and  without  dipping  between  them.  In  general,  the 
depth  of  a convolution  exceeds  its  thickness ; and  its  thickness,  near  the 
summit,  is  somewhat  greater  than  through  its  base. 

Since  the  external  grey  or  cortical  substance  is  continuous  over  the 
whole  surface  of  the  cerebral  hemispheres,  being  found  alike  within  the 
sulci  and  upon  the  gyri,  a far  greater  extent  of  grey  matter  is  thus  ex- 
posed to  the  vascular  surface  of  the  pia  mater  with  a given  size  of  the 
brain,  than  could  have  been  the  case  had  the  hemispheres  been  plain 
and  destitute  of  convolutions. 

The  Fissures  between  the  convolutions  are  generally  from  half  an 
inch  to  an  inch  in  depth,  but  vary  in  this  respect  both  in  different 
brains  and  in  different  parts  of  the  same  brain.  In  all  brains 
certain  primary  fissures  can  be  recognised,  on  which  the  division  into 
lobes  has  been  founded,  and  these  it  will  be  convenient  to  describe 
first. 
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THE  PRIMARY  or  interlobar  fissures  are  three  in  number,  the 
fissure  of  Sylvius,  the  fissure  of  Rolando  (or  central  sulcus),  and  the 
parieto-occipital  fissure. 

The  fissure  of  Sylvius  (see  figs.  375,  s,  and  370)  commences  on 

Fig.  368. 


O 


Fig.  368. — Outline  op  the  Cerebrum  as  seen  from  the  left  side.  ^ 

F,  frontal  lobe ; P,  parietal  lobe  ; T,  temporal  lobe ; 0,  occipital  lobe ; R,  R,  fissure 
of  Rolando ; s,  s,  fissure  of  Sylvius,  posterior  division  ; s,  its  anterior  division  ; C,  at 
the  junction  of  the  two,  marks  the  place  of  the  central  lobe  or  convolutions  of  the  island 
of  Reil  ; p,  the  place  of  the  vertical  or  occipital  fissure  ; a,  a',  a",  superior,  middle,  and 
inferior  frontal  convolutions  ; a*,  orbital  convolutions  ; x,  x,  transverse  frontal  fissure  ; 
A,  ascending  frontal  convolution  ; B,  ascending  parietal  convolution ; b,  superior  parietal 
lobule ; b",  supra  marginal  convolution ; b’",  angular  convolution  ; c,  c\  c",  upper, 
middle  and  lower  temporo-sphenoidal  convolutions;  cl,  d',  d" , upper,  middle  and  lower 
occipital  convolutions. 


Fig.  369. 


Fig.  369.— Figure  of  Brain  of  Chimpanzee  (from  Gratiolet). 

Fr.  L.,  frontal  lobe  ; Par.  I,  parietal  lobe  ; Oc.  L.,  occipital  lobe  ; Temp.  Spit.  L-, 
temporc-splienoidal  lobe  ; Sylv.f.,  fissure  of  Sylvius  ;/.  Si/.  a.,f.  Si/,  p.,  its  anterior  and 
-posterior  limbs  ; /.  Pol.,  fissure  of  Rolando  ; tr.  fr.  /.,  transverse  frontal  fissure  ; »«<•- 
par.  /.,  intra-parietal  fissure  ; par.-oc.  /.,  parieto-occipital  fissure. 
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the  under  surface  of  the  brain,  close  to  the  anterior  perforated  spot, 
and  passes  transversely  outwards  to  the  lateral  surface  of  the  hemi- 
sphere1 where  it  divides  into  a short  anterior  ascending  lhnb,  and  a 
longer  posterior  horizontal  limb.  The  fissure  in  the  base  is  a deep 
cleft  of  which  the  posterior  lip  projects  over  the  anterior.  This  part 
differs  from  other  fissures  in  being  due  to  a fold  of  the  whole  brain 
in  its  development,  the  others  being  due  merely  to  duplications  of  the 
cortical  layer.  Within  the  fissure  of  Sylvius  is  the  isolated  group  of 
convolutions  of  the  island  of  Reil  or  “ central  lobe.” 

The  anterior  or  ascending  limb  (/.  Sy.  a),  about  an  inch  in  length, 
runs  upwards  and  forwards  into  the  frontal  lobe,  the  lowest  convolu- 
tion of  which  curves  round  it. 

The  posterior  or  horizontal  limb  (/.  Sy.  p)  passes  backwards,  ascend- 


Fig.  370. 


Fig.  370. — Convolutions  of  Outer  Surface  of  Right  Hemisphere.  From  a simply  - 

CONVOLUTED  EUROPEAN  BRAIN.  About  ^ 

The  convolutions  are,  for  the  most  part,  indicated  by  Roman,  the  fissures  by  italic 
letters.  The  dotted  lines  indicate  the  divisions  into  lobes,  the  names  of  which  are  given 
in  full  at  the  margin  of  the  hemisphere,  f.  Ho. , fissure  of  Rolando  ; par.  -oc.  f. , parieto- 
occipital fissure Sy.  a.,  anterior  limb,  and  f.  Sy.  p.,  posterior  limb,  of  the  fissure  of 
Sylvius  ; s.  fr.  c. , m.  fr.  c.,  i.  fr.  c.,  superior,  middle,  and  inferior  frontal  convolutions  ; 
asc.  fr.  c.,  ascending  ditto;  asc.  par.  c. , ascending  parietal  convolution;  Sup.  par.  1. , 
superior  parietal  lobules  ; s.  m.  c.,  supra- marginal  convolution ; ang.  c. , angular  convolu- 
tion ; vat.  par.  /. , intra-parietal  fissure  ; s.  oc.  c.,  m.  oc.  c.,  i.  oc.  c.,  superior,  middle, 
a , ! occipital  convolutions;  s.  t.-s.  e.,  m.  t.-s.  c.,  i.  t.-s.  c.,  superior,  middle 

and  inferior  temporo-sphenoidal  convolutions;  pU.  parallel  fissure;  a\  a2,  a3,  a\ 
hrst,  second,  third  and  fourth  annectant  convolutions ; c.  L.,  within  the  fissure  of  Sylvius, 
central  lobe,  or  Island  of  Reil. 

ing  slightly,  through  the  middle  third  of  the  hemisphere.  Its  extremity 
is  usually  bent  vertically  upwards.  It  separates  the  parietal  lobe 
above,  from  the  temporo-sphenoidal  lobe  below  it. 

I e gioup  of  convolutions,  which  occupy  the  angle  between  the 
two  divisions  of  the  fissure  of  Sylvius,  has  been  collectively  termed 
the  “operculum. 

I lie  fissure  of  Rolando  (fig.  370,  f Ro.)  or  Central  Sulcus,  extends 
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across  the  lateral  convex  surface  of  the  hemisphere.  It  commences 
above,  behind  the  vertex,  near  the  great  longitudinal  fissure,  and 
passes  downwards  and  forwards  to  end  close  behind,  but  above,  the 
bifurcation  of  the  fissure  of  Sylvius,  into  the  posterior  limb  of  which 
it  has  been  seen,  though  very  rarely,  to  open.  Its  position  and  direction 
arc  such  that  the  fissures  of  the  two  sides,  seen  from  above,  form  a 
Y-shaped  line,  open  in  front.  It  is  rarely  interrupted  in  its  course,  and 
is  very  uniform,  in  man  and  most  ot  the  primates.  It  appears  early  in 
development,  about  the  filth  month. 

This  fissure  separates  the  frontal  from  the  parietal  lobe,  and  its 
position  on  the  surface  ot  the  hemisphere  varies  with  the  degiec  of 
development  of  the  frontal  lobe.  The  parallel  convolutions  which  it 
separates  arc  named  respectively  the  ascending  or  transverse  frontal 
and  ascending  parietal  convolutions. 

The  Parieto-occipital  fissure,  or  perpendicular  fissure  (fig.  370 ,par. 
oc.  /'.),  is  best  marked  on  the  median  surface  of  the  hemisphere,  where  it 
appears  as  a deep  cleft  extending  downwards  and  a little  foi  wards  fiom 
the  margin  of  this  surface  to  near  the  posterior  extremity  of  the  coipus 
callosum.  On  the  convex  surface  it  is  continued  transversely  outwards 
for  a variable  distance,  generally  about  an  inch,  as  th o external  parieto- 
occipital fissure.  This  fissure  is  taken  as  the  division  between  the 
parietal  and  occipital  lobe.  The  size  of  its  external  portion  depends 
(inversely)  on  the  size  of  the  convolution  which  curves  round  its  outer 
extremity  and  connects  the  parietal  with  the  occipital  lobe.  In  conse- 
quence of  the  development  in  man  of  this  and  similar  connecting 
convolutions,  this  fissure  is  much  less  marked  in  the  human  bi am  than 
in  that  of  the  higher  apes.  It  appears  about  the  fourth  or  fifth  month. 

Outer  Surface  of  the  Hemispheres.— Lobes.— These  are  deter- 
mined chiefly  by  fissures  on  the  outer,  which  are  for  the  most  part 
absent  on  the  median  surface.  It  is  convenient  therefore  to  consider 
them  in  relation  to  the  outer  surface  only,  and  subsequently  to  describe 

the  median  surface  as  a whole.  „ . 

The  Frontal  Lobe  (fig.  370)  is  the  anterior  portion  of  the  biain 
in  front  of  the  fissure  of  Sylvius  at  the  base,  and  of  the  fissure  ot 
Rolando  on  the  outer  side.  On  the  median  surface  there  is  no  corre- 
soonding  demarcation.  The  inferior  surface  of  the  frontal  lobe,  which 
is  in  contact  with  the  orbital  plate,  is  called  the  orbital  surface  ; the 

upper  arched  aspect  is  th q fronted  surface.  _ 

frontal  surface. — The  convolutions  are  four  m number,  three  antero- 
posterior, one  above  the  other,  and  one  transverse  behind  them. 

1 The  ascending  or  transverse  frontal  convolution  (asc.  fi.  c.)  is  placed 
front  of  the  fissure  of  Rolando,  which  it  thus  bounds  Below,  i com- 
mences just  above  and  behind  the  bifurcation  of  the  JS 

and  thence  courses  upwards  and  backwards  to  the  mai^in  of  the  ^ e, 
longitudinal  fissure.  Commonly  above,  and  almost 
it  is  connected  with  the  convolution  (ascending  parietal)  behind  the 
figure  of  Rolando,  and  thus  that  fissure  is  isolated. 

Thl  portion  of  the  frontal  surface  anterior  to  tins  conTOlutron  is 
occupied  by  complex  convolutions  running  more  or  less  m an  anteio 
posterior  direction,  and  usually  to  be  distinguished  into  three  an  uppe - , 
Irirldlo  and  lower  These  may  or  may  not  arise  superficially  from 
S^S'ciltion!  they  ire  usually  in  their  course  con- 
nected one  with  another  by  secondary  convolutions. 
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The  superior,  or  first  frontal  convolution  (s.  fr.  c.),  at  the  margin  of  the 
great  longitudinal  fissure,  commonly  commences  superficially  at  the  upper 
end  of  the  ascending  frontal  convolution,  and  extends  to  the  anterior 
extremity  of  the  hemisphere,  where,  tapering,  it  passes  over  to  the 
orbital  surface.  The  inner  aspect  of  this  convolution  appears  on  the 
median  surface  of  the  hemisphere. 

The  middle  or  second frontal  convolution  (m.  fr.  c.)  arises  deeply  or  super- 
ficially from  the  ascending  frontal  below  the  last,  and  runs  thence  to  the 
anterior  extremity  of  the  hemisphere.  It  is  usually  broad,  and  often 
much  subdivided. 


The  inferior  or  third  frontal  convolution  (i.  fr.  c.)  forms  the  lower  and 
outer  portion  of  the  frontal  lobe.  It  arises  superficially,  or  sometimes 
deeply,  from  the  lower  extremity  of  the  ascending  convolution,  just 
above  the  bifurcation  of  the  fissure  of  Sylvius,  arches  round  the  ascend- 
ing limb  of  that  fissure,  and  extends  to  the  anterior  extremity  of  the 
hemisphere. 

Fissures  of  the  frontal  surface. — The  transverse  frontal  fissure,  “ prac- 
central  sulcus,”  lies  in  front  of  the  ascending  frontal  convolution,  and 
parallel  to  the  fissure  of  Rolando.  Its  extent  depends  on  the  mode  of 
origin  of  the  superior,  middle,  and  inferior  frontal  convolutions  from 
the  ascending  frontal.  When  these  arise  superficially  the  fissure  is 
interrupted,  and  may  be  inconspicuous ; when  the  inferior  frontal  con- 
volution aris'es  deeply,  this  fissure  is  continuous  with  the  fissure  of 
Sylvius,  of  which  it  has,  in  consequence,  been  regarded  as  the  ascending 
limb. 

Two  antero-posterior  fissures,  the  superior  and  inferior  frontal  sepa- 
rate the  corresponding  convolutions  from  the  middle  frontal : they  are 
often  very  irregular,  being  bridged  over  by  secondary  convolutions. 

Orbital  Surface  (fig.  375) [presents  two  fissures;  the  olfactory  sulcus, 
straight,  parallel  with  the  great  longitudinal  fissure,  and  lodging  the 
olfactory  bulbs. 

The  orbital  sulcus,  irregular,  often  triradiate,  lying  in  the  centre  of 
the  lobule. 

Convolutions. — Between  the  olfactory  sulcus  and  the  longitudinal 
fissure  is  the  straight  convolution,  continuous,  at  its  anterior  extremity, 
with  the  superior  frontal. 

Three  convolutions  are  sometimes  described  as  lying  around  the 
orbital  sulcus,  and  named  according  to  their  position,  the  inner,  the 
anterior,  and  the  outer  or  posterior  orbital  convolutions. 

The  Parietal  Lobe  (fig.  370)  lies  behind  the  frontal  and  in  front 
of  the  occipital  lobe.  Below  it  is  the  temporo-sphenoidal  lobe.  It  is 
bounded  in  front  by  the  fissure  of  Rolando,  behind  by  the  parieto- 
occipital fissure,  and  by  an  arbitrary  continuation  of  the  line  of  that 
fissure  to  the  outer  boundary.  Internally  it  is  bounded  by  the  great 
longitudinal  fissure,  and  externally  by  the  posterior  limb  of  the  fissure 
of  Sylvius  as  far  as  this  preserves  its  horizontal  direction,  and  then 
by  a line  continuing  that  direction  to  the  posterior  boundary. 

Fissure.  The  intra-par letctl  fissure  (fig.  370,  inf.  par.  f.)  arches  through 
the  parietal  lobe,  commencing  in  its  anterior  inferior  angle,  where  it  is 
sometimes,  though  rarely,  continuous  with  the  fissure  of  Sylvius.  It 
ascends  at  first  parallel  to  the  fissure  of  Rolando,  and  then  turns  back- 
wards horizontally  to  the  back  of  the  lobe,  extending  nearly  to  the  termi- 
nation of  the  external  portion  of  the  paricto-occipital  fissure,  past  which 
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it  is  often  continued  into  the  occipital  lobe.  Its  horizontal  portion 
divides  the  parietal  lobe  into  two  portions,  superior  and  inferior  parietal 
lobules,  and  it  may  be  bridged  across  by  a secondary  convolution  con- 
necting those  lobules. 


Fig.  371. 


Fig.  371. — Lateral  View  of  the  Right  Cerebral  Hemisphere  (from  Sappey 

after  Foville).  ^ 

1,  fissure  of  Rolando;  2,  ascending  frontal  convolution  ; 3,  superior,  3',  middle,  and 
7,  inferior  frontal  convolutions ; 4,  a bridging  convolution  between  the  superior  and 
middle  frontal  convolutions  ; 5,  ascending  parietal  convolution  ; 6,  8,  supra-marginal  con- 
volution (8  in  front  points  to  part  of  the  inferior  frontal  convolution) ; 9,.  9,  superior 
temporo-sphenoidal  convolution;  10,  11,  12,  convolutions  of  the  island  of  Reil  or  central 
lobe;  13,  orbital  convolutions;  14,  lower  extremity  of  middle  temporo-sphenoidal  con- 
volution ; 15,  occipital  lobe. 


Convolutions.  The  ascending  parietal  is  the  convolution  which  lies 
behind  the  fissure  of  Rolando,  and  parallel  to  the  ascending  frontal 
convolution,  with  which  it  is  usually  continuous,  both  above  and  below, 
the  connection  below  being  much  larger  than  that  above.  In  its  lower 
half  the  ascending  parietal  convolution  lies  in  front  of  the  commence- 
ment of  the  intra-parietal  fissure.  Above,  it  is  continuous  with  the 

superior  parietal  lobule.  _ 

The  superior  parietal  lobule  (fig.  370)  is  that  part  of  the  parietal  lobe 
which  lies  above  the  intra-parietal  fissure,  and  behind  the  last  de- 
scribed convolution.  Its  posterior  limit  is  the  boundary  of  the  parietal 
lobe,  the  external  parieto-occipital  fissure,  outside  the  extremity  ol 
which  a narrow  convolution  usually  connects  this  lobule  with  the  occi- 
pital lobe,  and  is  termed  the  first  connecting  or  annectant  com  olution. 

The  inferior  parietal  lobule  (fig.  370)  lies  behind  the  ascending  anc 
below  the  horizontal  part  of  the  intra-parietal  fissure.  It  is  divided 
somewhat  artificially  into  two  convolutions,,  a supramarginal  gy  ius, 
above  and  in  front  of  the  extremity  of  the  Sylvius  fissure,  and  an  align  ax 

gyrus  behind  it.  . •,  f 

The  supra-marginal  convolution  (s.  m.  c.)  lies  behind  the  lowei  cni 
the  intra-parietal  sulcus,  beneath  which  it  is  usually  continuous  vri 
the  ascending  parietal  convolution.  It  is  bounded  above  by  the  sam 


external  surface. 
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fissure,  and  passes  into  the  angular  gyrus  above  the  extremity  of  the 
fissure  of  Sylvius,  except  in  the  rare  instances  m which  the  Sylvian 
fissure  is  prolonged  into  the  intra-parietal  sulcus. 


This  view  was  taken 
from  the  brain  of  a 
famous  mathematician, 

Professor  0.  F.  Gauss, 

■who  died  in  1854,  aged 
78.  It  is  selected  as 
an  example  of  a well- 
formed  brain  of  the 
■average  size  with  fully 
■developed  convolutions. 

a,  superior  or  first 
frontal  convolution  ; a', 

•second  or  middle  frontal ; 

■a",  third  or  inferior 
frontal  ; A,  A,  ascend- 
ing frontal  convolution  ; 

B,  B,  ascending  parietal 
convolution  ; b,  supe- 
rior parietal  lobule  ; b", 
inferior  parietal  lobule ; 

c,  first  or  upper  temporo- 
splienoidal  convolution  ; 

d,  first  or  upper  occipi- 
tal convolution  ; d', 

•second  or  middle  ; d", 
third  or  lower  ; l,  l,  the 
•superior  longitudinal  fis- 
sure ; r,  the  fissure  of 
Rolando  ; p,  the  external  parieto-occipital  fissure  (which  appears,  in  consequence  of  the 
position  of  the  brain,  nearer  than  it  really  is  to  the  posterior  extremity). 


Fig.  372. — Upper  Sur- 
face of  the  Brain 

SHOWING  THE  CONVO- 
LUTIONS (from  R. 
Wagner).  4 


Fig.  372. 


The  angular  g yrus(ang.c.)  is  bounded  iu  front  by  the  terminal  ascending 
portion  of  the  fissure  of  Sylvius,  above  by  the  intra-parietal  sulcus,  below 
it  is  continuous  with  the  superior  (and  sometimes  with  the  middle) 
temporo-sphenoidal  convolution,  and  behind  with  the  occipital  lobe  by 
means  of  one  or  two  (second  and  third)  annectant  convolutions. 

The  Occipital  Lobe  (fig.  370)  lies  behind  the  parietal,  and  forms 
the  posterior  extremity  of  the  hemisphere.  Below,  it  is  continuous  with 
the.  temporo-sphenoidal  lobe.  It  occupies  the  superior  fossa  of  the 
■occipital  bone,  and  rests  on  the  tentorium.  Its  limits  are  to  a consider- 
able extent  artificial.  In  front  it  is  bounded  b}r  the  external  parieto- 
occipital fissure,  and  by  a line  continuing  the  direction  of  the  fissure 
acioss  the  annectant  convolutions  to  meet  the  inferior  boundary  of  the 
parietal  lobe,  and  thence  continued  to  the  lower  edge  of  this  surface 
•at  the  anterior  edge  of  the  tentorium. 

Its  convolutions , complex  and  ill-defined,  are  commonly  described  as 
three  m number,  superior,  middle,  and  inferior.  They  are  continuous 
with  the  convolutions  of  the  parietal  and  temporo-sphenoidal  lobes  by  the 
foui  annectant  or  connecting  convolutions,  of  which  the  first,  passing  round 
the  extremity,  or  in  rare  cases  deeply  across  the  bottom,  of  the  external 
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parieto  occipital  fissure,  connects  the  superior  occipital  convolution  with 
the  superior  parietal  lobule,  the  second  unites  the  middle  occipital  and 
angular  convolution,  the  third  often  connects  the  same  convolutions,  and 
also  with  them  the  middle  temporo-sphenoidal,  and  the  fourth  connects 
the  inferior  occipital  with  the  middle  or  inferior  temporo-sphenoidal 
convolution. 

Fissures. — The  three  occipital  convolutions  are  separated  by  two 
fissures,  the  superior  and  inferior  occipital,  of  which  the  superior  is  often 
continuous  with  the  intra-parietal.  Its  lower  part  may  have  a more 
or  less  vertical  direction,  and  has  then  been  termed  the  transverse 
occipital. 

The  Temporo-sphenoidal  lobe  (fig.  370,  &c.)  is  bounded  in  front 
and  above  by  the  commencement  and  posterior  limb  of  the  fissure  of 
Sylvius.  Behind,  it  is  continuous  with  the  occipital  lobe.  Three 
nearly  parallel  convolutions  can  usually  be  distinguished;  a superior 
bounding  below  the  posterior  limb  of  the  Sylvian  fissure,  and  con- 
tinuous behind  with  the  angular  convolution,  a middle  continuous  with 
the  angular  gyrus,  or  middle  occipital  convolution,  by  the  fourth  annec- 
tant  gyrus  and  an  inferior  continuous  with  the  inferior  occipital.  These 
convolutions  are  separated  by  two  fissures,  of  which  the  superior,  from 
its  relation  to  the  Sylvian  fissure  has  been  termed  the  parallel  fissure. 
The  inferior  is  commonly  interrupted  by  a secondary  gyrus  connecting' 
the  middle  and  inferior  convolutions. 

The  Central  Lobe,  or  Island  of  K,eil  (figs.  371,  10,  12  ; fig.  37G, 
c),  lies  deeply  within  the  fissure  of  Sylvius,  being  rarely  visible  except 
when  the  lips  of  that  fissure  are  separated.  It  is  a triangular  eminence 
forming  a sort  of  Delta  between  the  two  divisions  of  that  fissure,  and 
consists  of  about  six  short,  straight  convolutions  (gyri  operti)  which 
radiate  outwards  from  a point  just  external  to  the  anterior  perforated 


Fig.  373. 


Fig.  373. — Convolutions  of  the  Median  and  Tentorial  Surfaces  of  Right  Hemi- 
sphere. From  a simply  Convoluted  European  Brain.  About  ^ 


Marg.  c.,  marginal  convolution;  g.  form,  gyrus  fornicatus  or  convolution  of  the 
corpus  callosum  ; unc.  c.,  uncinate  convolution;  i.  oc.-temp.  c.,  inferior  occipito-temporal 
convolution ; cl.  c. , dentate  convolution  ; f.  Ro. , depression  corresponding  to  the  upper 
extremity  of  the  fissure  of  Rolando;  par.-oc.  parieto-occipital  fissure;  calc,  f.,  cal- 
carine fissure ; coll.  f. , collateral  fissure;  cl.  f. , dentate  fissure  ; t.  h.  toenia  hippocampi. 


MEDIAN  SURFACE. 


531 


spot.  Its  anterior  convolution  is  continuous  at  the  bottom  of  the 
limiting  sulcus  with  the  adjacent  posterior  orbital : its  postciior  con- 
volution joins  the  temporo-sphenoidal  lobe.  Externally  it  is  separated 
by  a deep  sulcus  from  the  contiguous  convolutions  ot  the  ojpw  culuni, 
L e.,  the  extremity  of  the  ascending  parietal,  ascending  frontal,  and 
inferior  frontal  convolution.  • The  island  of  Eeil  covers  the  extra- 
ventricular nucleus  of  the  corpus  striatum.  It  appeals  eailiei  than 
any  other  division  of  the  cerebrum,  both  in  the  foetus  and  in  the  animal 
‘SBriGS 

The  Internal  or  Median  and  Tentorial.  Surface  (fig.  373),  as 
already  said,  does  not  present  the  same  division  into  lobes  as  does 
the  external  surface. 

Fissures. — TIig  intGTOcil  port  of  the  jp(wri@to-occvpitciT  fis&ui  6 is  con- 
tinuous,  at  the  margin  of  the  longitudinal  fissure,  with  the  external  por- 
tion. Thence  it  extends  downwards  and  forwards,  presenting  a slight 
•curve  with  the  convexity  forwards,  and  blends  with  the  calcarine  fissure. 

The  calcarine  fissure  commences  at  the  posterior  extremity  of  the 
hemisphere,  usually  in  a bifurcated  manner,  and  extends  forwards  to 
terminate  beneath  the  posterior  extremity  of  the  corpus  callosum.  It 
is  joined  by  the  parieto-occipital  fissure. 

The  calloso-margiml  fissure  (c  rn  f)  commences  beneath  the  anterior 


Fig.  374. 


Fig.  374. — Right  half  of  the  Bkain  divided  by  a Vertical  Antero-Posterior 
bECTiON  (from  various  sources  and  from  nature).  (Allen  Thomson.)  ^ 

po,  parieto-occipital  fissure  ; cc,  posterior  extremity  of  calcarine  fissure  '.1,1,  marginal 
•convolution ; 2,  2,  gyrus  fornicatus  ; 3,  3,  3,  secondary  convolutions  passing  between 
this  and  the  preceding ; 3a,  quadrate  lobule  ; 36,  cuneate  lobule  ; 4,  the  fifth  ventricle, 
and  above  it  the.  divided  corpus  callosum;  5,  the  third  ventricle  (see  fig.  384);  5’, 
pituitary  body.;  (>,  corpora  quadrigemina  and  peneal  gland;  +,  the  fourth  ventricle ; 
/,  pons  \ arolii ; 8,  medulla  oblongata  ; 9,  cerebellum  i,  the  olfactory  bulb  ; ii,  the 
right  optic  nerve,  the  commissure  cut  through  ; m,  right  third  nerve. 
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extremity  of  the  corpus  callosum,  and  courses  first  forwards,  then  up- 
wards, and  then  backwards,  parallel  with  the  edge  of  the  longitudinal 
fissure,  and  finally  turns  upwards  to  end  at  this  edge  just  behind  the 
position  of  the  upper  extremity  of  the  fissure  of  liolando.  It  separates 
the  marginal  convolution  from  the  convolution  of  the  corpus  callosum, 
hence  its  name. 

Convolutions. — The  'marginal  convolution  commences  in  front  of  the 
anterior  perforated  spot,  and  extends  along  the  edge  of  the  longitudinal 
fissure  as  far  as  the  termination  of  the  calloso-marginal  fissure  at  the 
upper  margin  of  this  surface.  Over  this  margin  it  is  continuous  with 
the  superior  frontal  convolution,  and  its  continuation  (straight  convo- 
lution) on  the  orbital  surface.  It  is  commonly  broken  up  by  secondary 
fissures,  one  of  which  often  runs  parallel  to  part  of  the  calloso-marginal 
fissure.  A secondary  convolution  not  uncommonly  connects  it  with  the 
next  gyrus. 

The  convolution  of  the  corpus  callosum,  gyrus  fornicatus  (g.  forn.,  fig. 
373),  commences  near  the  anterior  perforated  spot,  and,  turning  round 
the  anterior  extremity  of  the  corpus  callosum  runs  backwards  along  its 
upper  surface,  and  then,  bending  down  behind  its  posterior  extremity, 
takes  the  name  of  the  uncinate  convolution.  On  its  outer  side  is  the 
calloso-marginal  fissure  as  far  as  the  latter  extends. 

The  quadrate  lobule  (praecuneus),  is  a four-sided  area  lying  between 
the  internal  part  of  the  parieto-occipital  fissure  behind,  and  the  termi- 
nation of  the  calloso-marginal  fissure  in  front.  It  is  variously  sub- 
divided into  small  gyri,  of  which  the  highest  is  continuous  with  the 
superior  parietal  lobule,  and  the  lowest  forms  part  of  the  gyrus  forni- 
catus. 

The  cuneate  lobule  (occipital  lobule)  is  a wedge-shaped  area  lying 
between  the  internal  parieto-occipital  and  the  calcarine  fissures. 

Occipito-temporal  region.- — The  convolutions  of  the  lower  part  of 
the  occipital  lobe  and  the  inner  temporo-sphenoidal  convolutions  are 
continuous,  and  may  be  considered  together  as  three  in  number. 

The  superior  occipito-temporal  convolution  ( uncinate  or  hippocampal 
convolution)  extends  from  near  the  posterior  extremity  of  the  hemisphere 
to  the  anterior  portion  of  the  temporo-sphenoidal  lobe,  lying  at  first 
beneath  the  calcarine  fissure,  and  then  beneath  the  dentate  fissure.  Its 
anterior  extremity  is  rounded  into  a hook  called  by  Vicq-d’Azyr  the 
“ crotchet ; ” hence  its  name.  Beneath  the  posterior  extremity  of  the 
corpus  callosum  this  convolution  is  joined  by  the  gyrus  fornicatus,  in 
front  of  the  calcarine  fissure. 

The  inferior  occipito-temporal  convolution  has  a similar  extent  and 
parallel  course,  reaching  through  the  occipital  and  temporo-sphenoidal 
lobes  of  which  it  forms  the  lower  margin. 

A middle  occipito-temporal  convolution  may  be  sometimes  distinguished 
between  the  two  just  described. 

The  dentate  or  hippocampal  fissure  commences  within  the  posterior 
extremity  of  the  gyrus  fornicatus,  which  separates  it  from  the  calcarine 
fissure.  Thence  it  extends  downwards  and  forwards,  ending  below  in 
the  notch  of  the  uncinate  convolution.  Its  floor  is  formed  by  grey 
matter,  called  the  fascia  dentata  (see  p.  548).  This  fissure  corresponds 
to  the  elevation  of  the  hippocampus  major  within  the  lateral  ventricle. 

The  collateral  fissure  lies  below  the  uncinate  gyrus  and  parallel  to  the 
calcarine  and  dentate  fissures.  It  extends  beneath  the  floor  of  the 
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descending  cornea  of  the  lateral  ventricle,  where  it  corresponds,  to  the 
lower  part  of  the  eminentia  collateialis.  , 

Base  of  the  Ceeebeuu  (fig.  375).-From  lie  front  of  the  pons 
Varolii,  two  white  masses  extend,  marked  on  the  surface  with  longi- 
tndinal  stria  and  having  somewhat  the  appearance  of  large  bundles  of 
fibres.  They  pa  forwafds  and  outwards  to  enter  the  inner  and  under 
part  of  the  right  and  left  cerebral  hemispheres,  of  which  they  are  the 
\Umcks  or  crura.  Immediately  before  entering  the  corresponding 
hemisphere,  each  is  crossed  by  a flattened  white  cord  named  the  optic 
tract  (fig.  876),  which,  adhering  by  its  upper  border  to  the  peel, mole, 
is  directed  forwards  and  inwards,  and  meets  in  front  with  its  fellow  of 


Fig.  375. 


Fig.  375. — Base  of  the  Brain  with  the  Origins  of  the  Cerebral  Nerves. 

' (Allen  Thomson.)  -1- 

This  figure  is  taken  from  an  adult  male  brain  which  had  been  hardened  in  alcohol. 

1 , superior  longitudinal  fissure  ; 2,  within  it  the  straight  olfactory  tract  and  sulcus  for 
the  convolution;  2',  orbital  convolutions;  2",  inferior  frontal  convolution;  3,  3,  3, 
fissure  of  Sylvius  ; 4,  4,  4,  temporo-sphenoidal  lobe ; 5,  5',  occipital  lobe  ; 6,  on  the 
right  anterior  pyramid  of  the  medulla  oblongata  above  the  decussation  ; 7,  amygdaloid 
lobe  of  the  cerebellum  ; 8,  biventral  lobe  ; 9,  lobulus  gracilis  ; 10,  posterior  inferior 
lobe  ; + , the  inferior  vermiform  process  ; I,  olfactory  bulb  ; I',  the  tract  divided  on 
the  left  side  ; II,  in  the  anterior  perforated  sjiot,  marks  the  right  optic  nerve  ; the  left 
has  been  cut  short ; III,  on  the  right  crus  cerebri,  denotes  the  third  pair  ; IV,  the  fourth 
pair  ; V,  the  trigeminus  ; VI,  on  the  pons  Varolii,  the  sixth  ; VII,  also  on  the  pons 
Varolii,  the  facial  with  the  auditory  nerve  on  its  outer  side  ; VIII,  on  the  right  lobe  of 
the  cerebellum  below  the  horizontal  fissure  and  the  flocculus,  indicates  the  group  of 
nerves  below  the  auditory,  i.  e. , the  glosso-pharyngeal,  pneumogastric,  and  spinal 
accessory  ; IX,  on  the  upper  part  of  the  left  amygdaloid  lobe,  "denotes  the  hypo- 
glossal nerve  ; X,  on  the  same,  the  suboccipital  nerve. 
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tho.  opposite  side  to  form  the  optic  commissure,  from  the  fore  part  of 
which  the  optic  nerves  proceed.  1 

Limited  behind  by  these  diverging  peduncles,  and  in  front  bv  the 
converging  optic  tracts,  is  a lozenge- shaped  interval,  called  the  interne- 
auricular  space,  m which  are  found,  in  series  from  behind  forwards,  the 


Fig-  3/6.  Fig,  370 — View  from 

IJEFORE  OF  THE  31e- 
DULLA  OblONC.ATA, 
Pons  Vaiioui,  Crura 
Cerebri,  and  other 
Central  Portions  of 
the  Encephalon. 
(Allen  Thomson.) 

On  the  right  side  the 
convolutions  of  the  cen- 
tral lobe  or  island  of  Reil 
have  been  left,  together 
with  a small  part  of  the 
anterior  cerebral  convolu- 
tions : on  the  left  side 
these  have  been  removed 
by  an  incision  carried 
between  the  thalamus 
opticus  and  the  cerebral 
hemisphere. 

1',  the  olfactory  tract 
cut  short  and  lying  in  its 
groove  between  two  con- 
volutions ; II,  the  left 
optic  nerve  in  front  of 
the  commissure  ; II',  the 
right  optic  tract ; Th,  the 
cut  surface  of  the  left 
thalamus  opticus  ; C,  the 
central  lobe  or  island  of 
Reil  ; Si/,  fissure  of 
Sylvius  ; x x , locus 
perforatus  anterior ; c, 
the  external,  and  i,  the 
internal  corpus  genicu- 
latum  ; h,  the  hypophysis 
cerebri  or  pituitary  body  ; 
tc,  tuber  cinereum  with 
the  infundibulum  ; a,  one 
of  the  corpora  albicantia  ; 
P,  the  cerebral  peduncle 
or  crus  ; /,  the  fillet ; 
III,  close  to  the  left 
oculo-motor  nerve  ; x , 
the  locus  perforatus  pos- 
ticus ; PV,  pons  Yarolii  ; 

V,  the  greater  root  of  the  fifth  nerve  ; +,  the  lesser  or  motor  root ; on  the  right  side 
tliis  + is  placed  on  the  Gasserian  ganglion,  and  points  to  the  lesser  root,  where  it  proceeds 
to  join  the  inferior  maxillary  nerve  ; ophthalmic  division  of  the  fifth  nerve  ; 2,  superior 
maxillary  division  ; 3,  inferior  maxillary  division  ; VI,  the  sixth  nerve  ; VII  a,  the 
facial ; VII  b,  the  auditory  nerve  ; VIII,  the  pneumo-gastric  nerve  ; VIII  a,  the  glosso- 
pharyngeal ; VIII  b,  the  spinal  accessory  nerve  ; IX,  the  hypoglossal  nerve  ; / 1,  the  floc- 
culus ; f h,  the  horizontal  fissure  of  the  cerebellum  (Ce)  ; a in,  the  amygdala  ; p a,  the 
anterior  pyramid  ; o,  the  olivary  body  ; r,  the  restiform  body  ; (l,  the  anterior  median 
fissure  of  the  spinal  cord,  above  which  the  decussation  of  the  pyramids  is  represented  ; 
c a,  the  anterior  column  ; c l,  the  lateral  column  of  the  spinal  cord  ; C I,  the  suboceipital 
or  first  cervical  nerve. 
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posterior  perforated  space,  the  ooiTor^albicantia,  and  the  tuber  cineret^, 
from  which  is  prolonged  the  infundibulum  attached  to  the  pituitary 

“he  posterior  perforated  space  (locus  perforate  posticus)  (fig. 
37C  x Hs  a deep  fossa  situated  between  the  peduncles,  the  bottom  of 
w deh  is  Composed  of  greyish  matter,  connecting  the  diverging  crura 
teet hei  It  is  perforated  by  numerous  small  openings  for  the  passage 

of  Hood  vesse  s • and  some  horizontal  white  striae  usually  pass  out  of  the 
m-ey Matter  andtS  round  the  peduncles  immediately  above  he  pons. 
” The  corpora  albicantia  or  mammdlana  are  two  round  white  emi- 
nences in  front  of  this  fossa,  each  about  the  size  of  a small  pea,  sm- 
rounded  by  grey  matter,  and  connected  together  across  the  middle  line. 

The  corpora  albicantia  are  formed,  as  will  hereafter  be  explained,  by  the 
anterior  extremities  of  the  fornix  ; hence  they  have  also  been  named  bulb. s of 
In  the  foetus  they  are  at  first  blended  together,  and  they  become 
separated  about  the  beginning  of  the  seventh  month.  In  most  vertebrate  annuals 
there  is  but  one  white  eminence  or  corpus  albicans  m then-  place. 


The  tuber  cinereum  (fig.  37  G,  tc)  is  a lamina  of  grey  matter  extending 
forwards  from  the  corpora  albicantia  to  the  optic  commissure,  to  which 
it  is  attached,  and  forming,  as  afterwards  described,  part  of  the  floor  or 
the  third  ventricle.  In  the  middle  it  is  prolonged  into  a hollow  conical 
process,  the  infundibulum,  to  the  extremity  of  which  is  fixed  the 

1 The  pituitary  body  or  hypophysis  cerebri  (fig.  37 G,  It),  formerly  called 
pituitary  gland,  from  its  being  erroneously  supposed  to  discharge  pitmta 
into  the  nostrils,  is  a small  reddish  grey  mass,  ol  a somewhat  flattened 
oval  shape,  widest  in  the  transverse  direction,  and  occupying  the  sella 
turcica  of  the  sphenoid  bone.  It  consists  of  two  lobes,  of  wlncli  the 
anterior  is  larger,  and  concave  behind,  where  it  embraces  the  siuauei 
posterior  lobe.  Its  weight  is  from  five  to  ten  grains.  In  the  adult  it  is 
solid,  and  of  a firm  consistence. 

The  anterior  lobe  consists  of  two  kinds  of  matter,  one  hard  and 
grey,  the  other,  situated  within,  softer  and  ot  a yellowish-white  colour. 
The  posterior  lobe  is  darker  and  redder  than  the  anterior.  Both  are 
very  vascular. 

The  pituitary  body  appears  to  approach  in  structure  to  the  vascular 
or  ductless  glands,  such  as  the  thyroid  and  suprarenal  bodies,  &c.  Ac- 
cording to  Sharpev’s  observations,  with  which  those  of  subsequent 
writers  agree,  it  differs  greatly  in  structure,  at  least  in  its  anterior  and 
larger  lobe,  from  any  other  part  of  the  encephalon.  The  substance  of 
the  anterior  lobe  appears  to  be  constituted  by  a membranous  tissue 
forming  little  round  cavities  or  loculi,  which  are  packed  full  of  nu- 
cleated cells.  The  loculi  are  formed  of  transparent,  simple  membrane, 
with  a few  fibres  and  corpuscles  resembling  elongated  cell-nuclei  dis- 
posed round  their  walls.  The  cells  contained  in  the  cavities  are  of 
various  sizes  and  shapes,  and  not  unlike  nerve-cells  or  ganglion-globules  ; 
they  are  collected  into  round  clusters,  filling  the  cavities,  and  are  mixed 
with  a semi-fluid  granular  substance.  This  thin  granular  matter,  to- 
gether with  the  cells  and  little  specks  of  a clear  glairy  substance  like 
mucus,  can  be  squeezed  from  the  cut  surface,  in  "the  form  of  a thick, 
white,  cream-likc  fluid. 


In  the  foetus,  the  pituitary  body  is  proportionally  large,  and  contains  a cavity 
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Avh  ith  communicates,  through  that  of  the  infundibulum,  with  the  third  ventricle 
ns  body  is  constantly  present,  and  has  tiie  same  connection  with  the  brain  hi 
all  vertebrate  animals. 


Ihc  optic  commissure,  or  chictsma  (fig.  375),  is  constituted  by  the 
union  of  the  two  optic  tracts  in  front  of  the  tuber  cinereum,  and  from  it 
the  two  optic  nerves  proceed.  In  it  the  nerve  fibres  of  each  side  undemo 
a partial  decussation.  The  larger  proportion  of  the  fibres  of  each  optic 
tract  cross  over  to  the  opposite  side,  a smaller  proportion  proceed  to 
the  eye  on  the  same  side,  and  other  fibres  arc  said  to  pass  from  one 
optic  tract  to  the  other  along  the  posterior  portion  of  the  commissure, 
while  others  pass  from  one  nerve  to  the  other  along  the  anterior  part  of 
the  commissure.  Thus  each  angle  is  rounded  by  fibres  which  pass 
between  its  adjacent  limbs.  The  optic  tracts  are  said  to  receive  an 
accession  of  fibres  from  the  lamina  cinerea,  and  also  from  the  “ basal 
optic  ganglion,”  a collection  of  grey  matter  which, lies  on  the  outer  side 
oi  the  tuber  cinereum,  and  is  the  source  of  fibres  which  pass  immediate!)’ 
without  decussation,  to  the  optic  nerve  of  the  same  side. 

In  the  middle  line  of  the  base  of  the  brain,  in  front  of  the  optic 
commissure,  is  the  anterior  portion  of  the  great  longitudinal  fissure, 
which  passes  down  between  the  hemispheres.  At  a short  distance  in 
front  of  the  commissure,  this  fissure  is  crossed  transversely  by  a white 
mass,  which  is  the  anterior  recurved  extremity  of  the  corpus  callosum. 
On  gently  turning  back  the  optic  commissure,  the  lamina  cinerea  is 
seen,  a thin  connecting  layer  of  grey  substance,  occupying  the  space 
between  the  corpus  callosum  and  the  commissure,  and  continuous  above 
the  commissure  with  the  tuber  cinereum.  It  is  connected  at  the  sides 
with  the  grey  substance  of  the  anterior  perforated  space,  and  forms 
part  of  the  anterior  boundary  of  the  third  ventricle  : it  is  somewhat 
liable  to  be  torn  in  removing  the  brain  from  the  skull ; and,  in  that 
case,  an  aperture  would  be  made  into  the  fore  part  of  the  third 
ventricle. 


At  a short  distance  outwards  from  the  lamina  cinerea  is  the 
anterior  perforated  space  (locus  perforates  anticus),  a depression 
near  the  entrance  of  the  Sylvian  fissure,  floored  with  grey  matter,  and 
pierced  with  a multitude  of  small  holes  for  the  passage  of  blood-vessels, 
most  of  which  are  destined  for  the  corpus  striatum, — the  adjacent  por- 
tion of  the  brain  beneath  which  it  lies. 

The  grey  surface  of  each  perforated  space  is  crossed  by  a broad  white 
band,  which  may  be  traced  from  the  middle  of  the  under  surface  of  the 
corpus  callosum  in  front,  backwards  and  outwards  along  the  side  of 
the  lamina  cinerea  towards  the  entrance  of  the  Sylvian  fissure.  These 
bands  of  the  two  sides  are  named  the  peduncles  of  ilie  corpus  callosum. 

Olfactory  tract  and  bulb  (figs.  375,  1,  and  37 G,  T).- — From  the 
front  of  the  anterior  perforated  spot  a nerve-like  process  extends— the 
olfactory  tract.  It  is  lodged  in  a hollow  (olfactory  sulcus)  in  the  under 
(orbital)  surface  of  the  frontal  lobe,  close  to  the  longitudinal  fissure. 
It  ends  anteriorly  in  an  oval  swelling — the  olfactory  bulb,  which  con- 
sists chiefly  of  grey  substance,  and  gives  origin  to  the  small  nerves 
which  proceed,  through  the  foramina  of  the  ethmoid  bone,  to  the  nose. 
Traced  backwards,  the  olfactory  tract  is  connected  with  the  cerebrum 
by  three  roots.  The  ouler  root  passes,  as  a white  streak,  outwards  and 
backwards  along  the  anterior  margin  of  the  perforated  space,  towards 
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the  Sylvian  fissure,  where  it  disappears.  It  has  been  traced  by  different 
observers  to  the  island  of  Beil,  the  optic  thalamus  (Valentin),  and  to  a 
nucleus  in  the  substance  of  the  temporo-sphenoidal  lobe,  in  front  of 
the  anterior  extremity  of  the  hippocampus.  (Rolando,  Foyille,  Lays.) 
The  middle  or  grey  root  (tuber  olfactormm),  is  ol  pyiamidal  shape, 
and  consists  of  ^ey  substance  on  the  surface,  prolonged  from  the  adja- 
cent part  of  the  anterior  lobe  and  anterior  perforated  space.  With, n 
it  are  some  white  fibres,  which  have  been  said  by  some  to  join  the  mnei 
root  by  others  to  be  connected  with  the  corpus  striatum.  The  inner 
root* consists  of  white  fibres,  which  pass  to  the  inner  and  posterior  part 
of  the  anterior  lobe,  and  are  believed  to  be  connected  with  the  extremity 
of  the  gyrus  fornicates,  or  to  pass  over  to  the  opposite  hemisphere. 

When  tlie  entire  encephalon  is  viewed  from  below,  the  back  part  ot 
the  under  surface  of  the  cerebrum  is  concealed  by  the  cerebellum  and 
the  pons  Varolii.  If,  however,  these  parts  be  removed  it  will  be  seen 
that  the  two  hemispheres  of  the  cerebrum  are  separated  behind  as  they 
are  in  front,  by  the  descent  of  the  great  longitudinal  fissure  between 
them,  behind  the  posterior  extremity  of  the  corpus  callosum. 


INTERNAL  PARTS  OP  THE  CEREBRUM. 

The  anatomy  of  the  interior  of  the  cerebrum  is  most  conveniently 
studied  by  removing  successive  portions  of  the  hemispheres  by  hori- 
zontal sections,  beginning  from  above. 

The  first  horizontal  section  to  be  made  about  half  an  inch  above  the 
corpus  callosum,  displays  the  internal  white  matter  ot  each  hemispheie, 
speckled  with  red  spots  where  its  blood-vessels  have  been  divided,  and 
surrounded  on  all  sides  by  the  grey  matter  which  is  seen,  to  follow 
closely  the  convoluted  surface,  and  to  be  ot  nearly  equal  thickness  a, 
all  points.  This  white  central  mass  in  each  hemisphere  was  named  by 
Vicq-d’Azyr  centrum  ovale  minus.  On  separating  the  remaining  por- 
tions of  the  two  hemispheres  from  each  other,  two  sulci  are  seen  to  exist 
between  the  corpus  callosum  and  the  gyri  immediately  in  contact  with 
it,  viz.,  the  gyrus  fornicatus  of  each  side. 

Another  section  being  made  at  the  level  of  the  corpus  callosum,  the 
white  substance  of  that  part  is  seen  to  he  continuous  with  the  internal 
medullary  matter  of  both  hemispheres  : and  the  large  white  medullary 
mass  thus  displayed,  surrounded  by  the  border  of  cortical  substance,  con- 
stitutes what  is  generally  described  as  the  centrum  ovale  of  Yieussens. 

The  coi’pus  callosum  or  great  commissure  (trabs  cerebri) 
(fig.  377)  connects  the  centres  of  the  two  hemispheres.  It  is  a white 
structure,  with  a length  not  quite  half  that  of  the  brain,  and  ap- 
proaches nearer  to  the  front  than  the  back  of  the  hemispheres.  It  is 
about  an  inch  in  width  behind,  and  somewhat  narrower  in  front.  Its 
thickness  is  greater  at  the  ends  than  in  the  middle,  and  is  greatest 
behind,  where  it  is  nearly  half  an  inch.  It  is  arched  from  before 
backwards.  Its  upper  surface  is  distinctly  marked  by  transverse  fur- 
rows, which  indicate  the  direction  of  the  greater  number  of  its  fibres. 
It  is  also  marked  in  the  middle  by  a longitudinal  line,  the  raphe, 
which  is  bounded  laterally  by  two  white  tracts,  placed  close  to  each 
other,  named  strice  longitudinales , or  nerves  of  Lancisi  (fig.  377,  3).  On 
each  side,  near  the  margin,  are  seen  other  longitudinal  lines  (striae 
longitudinales  laterales)  occasioned  by  a few  scanty  white  fibres. 
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Til  front,  the  corpus  callosum  is  reflected  downwards  and  backwards, 
between  the  anterior  lobes,  forming  a bend  named  the  genu  (fig.  377, 5)’ 
The  inferior  or  reflected  portion,  which  is  named  the  rostrum,  becomes 
gradually  narrow  as  it  descends,  and  is  connected  by  means  of  the 
lamina  cinerea  with  the  optic  commissure.  It  also  gives  off  the  two 
bands  of  white  substance,  already  noticed  as  the  peduncles  of  the  corpus 
callosum, . which,  diverging  from  one  another,  run  backwards  across 
the  anterior  perforated  space  on  each  side  to  the  entrance  of  the  Syl- 
vian fissure. 

Behind,  the  corpus  callosum  terminates  in  a free  thickened  border, 
the  under  surface  of  which  is  also  free  for  a short  distance. 

The  under  surface  of  the  corpus  callosum  is  connected  behind  with 
the  fornix,  a structure  to  be  presently  described,  and  in  the  rest  of  its 


Fig.  3/7. 


Fig.  377. — View  op  the  Corpus  Callosum  from  above  (from  Sappey  after  Foville).  h 

The  upper  surface  of  the  corpus  callosum  has  been  fully  exposed  by  separating  the 
cerebral  hemispheres  and  throwing  them  to  the  side  ; the  gyrus  fornicates  has  been 
detached,  and  the  transverse  fibres  of  the  corpus  callosum  traced  for  some  distance  into 
the  cerebral  medullary  substance. 

1,  the  upper  surface  of  the  corpus  callosum  ; 2,  median  furrow  or  raphe  ; 3,  longi- 
tudinal strife  bounding  the  furrow  ; 4,  swelling  formed  by  the  transverse  bands  as  they 
pass  into  the  cerebrum  ; 5,  anterior  extremity  or  knee  of  the  corpus  callosum  ; 6,  pos- 
terior extremity  ; 7,  anterior,  and  8,  posterior  part  of  the  mass  of  fibres  proceeding  from 
the  corpus  callosum  ; 9,  margin  of  the  swelling  ; 10,  anterior  part  of  the  convolution  of 
the  corpus  callosum  ; 11,  fissure  between  the  corpus  callosum  and  its  convolution  opened 
out ; outside  12,  is  the  termination  of  the  calloso-marginal  fissure,  and  behind  1 4 is  the 
parieto- occipital  fissure,  and  between  the  two  the  quadrate  lobule  ; 13,  upper  surface  o 
the  cerebellum. 
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length  with  the  septum  lucidum,  a vertical  partition  between  the  two 
lateral  ventricles. 


Although  it  presents  a few  longitudinal  white  fibres  on  its  surface,  the  corpus 
callosum  consists  almost  entirely  of  fibres  kavmg  a transverse  course  towards 
each  side  and  spreading  in  a radiating  manner  into  the  substance  ot  the  two 
hemispheres.  As  the  transverse  fibres  from  the  anterior  and  posterior  portrons  of 
the  cerebrum  are  necessarily  aggregated  in  large  numbers  near  the  corresponding 
ends  of  the  corpus  callosum,  its  greater  thickness  at  those  points,  m comparison 
with  the  rest  of  its  extent,  is  accounted  for  ; and,  since  the  posterior  lobe 
reaches  further  beyond  the  corpus  callosum  than  the  anterior,  the  greater  thick- 
ness  behind  is  also  explained. 


lateral  ventricles,  or  ventricuU  Incomes—  By  making  a longi- 
tudinal cut  through  the  corpus  callosum  at  a short  distance  on  each 
side  of  the  middle  line,  and  about  midway  between  the  two  ends  ot 
the  hemispheres,  an  opening  is  made  into  the  right  and  left  lateral 
ventricles  of  the  brain  (fig.  378).  These  ventricles  form  part  of  the 
general  ventricular  space  within  the  cerebrum  ; they  are  serous  cavi- 


Fig.  378. 


Fig.  37S. — Horizontal  Section  op  the  Brain  showing  the  Lateral  Ventricles  ani> 
the  Fifth  Ventricle  opened  (from  Sappey  after  Vicq-d’Azyr).  j 

1,  the  fifth  ventricle  ; 2,  the  two  lamirne  of  the  septum  lucidum  meeting  in  front  of 
it  ; 3,  lesser  hippocampus  of  the  posterior  cornu  ; 4,  horizontal  section  of  the  posterior 
swelling  of  the  corpus  callosum  ; 5,  middle  part  of  the  fornix,  where  it  has  been  separated 
from  the  corpus  callosum  ; 6,  posterior  pillar  of  the  fornix  ; 7,  hippocampus  major 
descending  in  the  middle  cornu  ; 8,  emiuentia  collaterals  ; 9,  lateral  parts  of  the  fornix  ; 
10,  choroid-plexus  ; 11,  taenia  semiciroularis  ; 12,  corpus  striatum. 
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ties,  and  are  lined  by  a delicate  epitheliated  structure,  the  ependyma 
rentrinilorum,  which,  at  certain  parts  in  the  adult,  and  probably 
throughout  its  whole  extent  in  the  foetus,  is  provided  with  cilia.  In 
the  natural  state  the  walls  of  the  ventricles  arc  moistened  internally 
with  a serous  fluid,  which  sometimes  exists  in  considerable  quantity, 
even  in  a healthy  brain. 

It  was  formerly  a subject  of  dispute  whether  the  lining  of  the  ventricles 
consisted  of  epithelium  only,  or  also  of  a membrane.  It  is  now  recognised 
that  a peculiar  form  of  connective  tissue  is  found  throughout  the  substance 
of  the  brain,  similar  to  that  which  has  been  described  in  the  spinal  cord,  and 
like  it  called  neuroglia.  A layer  of  this  substance,  unmixed  with  nerve- 
tissues,  but  in  direct  continuity  with  the  interstitial  web,  and  not  a distinct  mem- 
brane, supports  the.  epithelium. 

The  form  of  the  epithelial  cells  appears  to  vary  in  different  parts  ; these  cells 
being,  according  to  Kolliker,  of  the  flat  pavement  kind  in  the  third  ventricle, 
and  more  spherical  in  the  lateral  ventricles ; and,  according  to  Gerlach,  cylin- 
drical in  the  aqueductus  Sylvii. 

From  the  central  part  or  body  of  each  lateral  ventricle  the  cavity 
is  extended  forwards,  backwards,  and  downwards,  thus  forming  an 
■anterior,  a posterior,  and  a middle  or  descending  cornu  (fig.  371). 


Fig.  379. 


Fig.  379.— The  Lateral 
Ventricles  opened  bt 
a Horizontal  Section, 
and  the  Middle  Cornu 

EXPOSED  ON  THE  RIGHT 
SIDE.  b 

a,  1),  anterior  and  pos- 
terior parts  of  the  great 
longitudinal  fissure ; c, 
section  of  the  anterior  part 
of  the  corpus  callosum  ; d, 
posterior  part  of  the  same  ; 
e,  the  left  choroid  plexus  ; 
/,  the  fornix  ; g,  the  an- 
terior ; h,  the  posterior, 
and  q,  the  descending 
cornu  of  the  lateral  ven- 
tricle ; 1c,  k,  corpora 

striata  ; l,  l . optic  tha- 
lami  ; n,  n,  right  and  left 
hippocampus  minor  ; o, 
posterior  pillar  of  the  for- 
nix ; v,  the  corpus  fimbri- 
atuin  into  which  it  passes  ; 
q,  cornu  ammonis  or  pes 
hippocampi  ; h,  the  medul- 
lary substance  of  the  cere- 
bral hemisphere  ; r,  part 
of  the  cortical  substance 
showing  alternate  grey  and 


white  matter  ; s,  s,  t tenia  semicircularis  ; y,  eminentia  collaterals. 


The  l)ody  of  each  lateral  ventricle  is  roofed  by  the  corpus  callosum, 
and  is  separated  from  its  fellow  by  a vertical  partition,  the  septum 
lucidum  (fig.  378,  2),  which  descends  from  the  corpus  callosum  to 
the  fornix.  In  the  floor  of  the  ventricle  there  is  seen  behind  one  half 
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of  the  fornix  which  is  a thin  layer  of  white  brain-substance,  broad 
behind  and  narrow  in  front  (fig.  378,  9)  : external  and  anterior  to  this 


the  choroid  nlexus  is  the  anterior  and  outward  part  of  the  optic  thalamus , 
appearing  from  beneath  it  (fig.  379  l)  ; outside  and  in  front  of  the 
thalamus  is  the  corpus  striatum ; and  between  these  two  bodies  is  a 
narrow  flat  band,  the  tcenia  semicircular  is.  A 

The  anterior  cornu  (fig.  379,  g)  is  the  blind  anterior  extremity  of 
the  ventricle,  projecting  a little  way  into  the  white  substance  of  the 
frontal  lobe.  It  is  covered  by  the  corpus  callosum,  and  turns  forwards 
and  outwards  round  the  anterior  free  extremity  of  the  corpus  striatum, 
descending  as  it  proceeds,  and  bounded  behind  by  that  body,  and 
in  front  by  the  reflected  part  ot  the  coipus  callosum. 

The  middle  or  descending  cornu  turns  round  the  back  part  of  the  optic 
thalamus,  which  appears  iu  its  cavity  and  forms  its  anterior  boundary, 
while  its  remaining  boundaries  are  formed  by  the  hemisphere.  At  its 
commencement  it  "is  directed  backwards  and  outwards  ; then,  passing 
downwards  with  a sweep,  it  curves  forwards,  and  at  its  extremity  has  a 
marked  inclination  inwards.  The  principal  object  seen  upon  the  floor 
of  the  cornu  is  the  hippocampus  major  (pes  hippocampi  or  cornu 
ammonis),  a large  white  eminence  extending  the  whole  length  of  the 
cornu  (figs.  379, "381,  G,  G').  The  hippocampus  major  becomes  enlarged 


The  fornix  lias  been  divided 
near  its  anterior  pillars  and 
turned  back,  c,  tlie  anterior 
part  of  the  corpus  callosum 
divided  ; e,  tlie  lyra  on  the 
lower  surface  of  the  corpus 
callosum  and  fornix  ; /,  ante- 
rior pillars  of  the  fornix  divided 
(these  are  represented  of  too 
large  a size);  g,  anterior,  and 
k,  posterior  cornu  of  the  lateral 
ventricle ; b,  b,  corpora  striata ; q, 
hippocampus  major  iu  the  lower 
part  of  the  middle  cornu  ; r,  r, 
tlialami  optici ; s,  s,  taenia  se- 
micircularis ; t,  t,  choroid 
plexus  ; v,  velum  interpositum  ; 
x,  x,  posterior  pillars  of  the 
fornix  ; y,  eminentia  collate- 
ral is. 


towards  its  anterior  and 
lower  extremity,  and  is 
indented  or  notched  on 
its  edge,  so  as  to  present 
some  resemblance  to  the  paw  of  an  animal,  whence  it  has  been  called 
the  pes  hippocampi.  The  white  fibres  of  its  surface  form  only  a thin 


Fig.  380.— A Deep  View  of 
tiie  Lateral  Ventricles 

AND  THEIR  CORNUA  WITH  THE 

Velum  Interpositum.  i 


Fig.  380. 
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layer,  and  beneath  them  is  cineritious  matter  continuous  with  that  of 
the  surface  of  the  hemisphere.  Along  the  inner  edge  of  this  eminence  is 
seen  a narrow  white  band,  named  corpus  fimbriatum  or  tamia  hippocampi 
(fig.  381,  0),  which  is  prolonged  from  the  fornix  ; to  the  inner  side  of 
the  taenia  is  a part  of  the  choroid  plexus,  and  next  to  that  the  back  of 


Fig!  381. 


B 


Fig.  381,  A. — Lower  and  Back  Part  of  the 
Cerebrum  op  the  Left  Side,  showing  the 
Posterior  and  Descending  Cornua  of  the 
Lateral  Ventricle  opened  (altered  from 
Hirschfeld  and  Leveille).  £ 

1,  Apex  of  temporo-sphenoidal  lobe  ; 1',  un- 
cinate convolution  ; 2,  cut  surface  of  the  cere- 
bral hemisphere  ; 3,  point  of  the  posterior 
cornu  of  the  lateral  ventricle  ; 3',  eminentia 
collaterals  ; 4,  cut  surface  of  the  lower  and 
back  part  of  the  corpus  callosum  divided  near 
the  middle  ; 4',  placed  on  the  extension  of  the 
corpus  callosum  into  the  cerebral  hemisphere, 
points  by  a line  to  the  hippocampus  minor  in 
the  posterior  cornu  ; 5,  cut  edge  of  the  posterior 
pillar  of  the  fornix  passing  down  at  5',  into 
the  hippocampus  major  and  corpus  fimbriatum  ; 
6,  placed  on  the  hippocampus  major  points  to 
the  continuation  of  the  corpus  fimbriatum  or 
trenia  hippocampi ; 6',  lower  part  of  hippo- 
campus major  ; 7,  fascia  dentata  on  the  inside 
of  the  white  substance  of  the  t tenia. 

Fig.  381,  B. — Section  of  the  Right  Hippo- 
campus Major  to  show  the  arrangement 
of  the  Grey  and  White  Substance  (from 


Mayo). 

a,  white  layer  on  the  surface  of  the  hippo- 
campus ; b,  grey  substance  which  is  involuted 
from  the  surface  of  the  neighbouring  convolution ; 
c,  fascia  dentata  ; d,  uncinate  convolution  ; be- 
tween c and  d dentate  fissure  ; e,  (placed  on 
the  eminentia  collaterals)  cavity  of  the  lateral 
ventricle. 


the  optic  thalamus.  This  cornu  differs 
from  the  others  in  respect  that  it  is 
not  a mere  cul-de-sac,  but,  by  the 
separation  of  the  membranes,  can  be  made  to  communicate  in  its  whole 
length  with  the  surface  of  the  brain  by  the  fissure  through  which  the 

ChThed  projects  backwards  into  the  substance  of  the 

nosterioflobe.  At  its  extremity  it  is  pointed  and  directed  inwards. 
On  its  inner  side  is  a curved  and  pointed  longatudmal  .eminence^ 
named  hippocampus  minor,  ergot,  or  calcar  avis  • anc  « 
the  posterior  with  the  descending  cornu, 

major  and  minor,  is  a ^ £%Z  ££*& 

or  pcs  accessorius,  which  may  extend  some 

cornu  behind  the  great  hippocampus.  the  foki  0f 

The  hippocampus  minor  is  only  the  convex 
r-m-tical  substance  which  forms  the  calcarine  sulcus,  and  in  like  m ami e 
th^eminentiaTollateralis  corresponds  with  the  posterior  branch  of  the 

fissure  of  Sylvius. 
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The  hippocampus  minor  is  not  peculiar  to  the  human  brain,  but  has  been 
found  in  the  brains  of  quadrumana.  In  the  human  subject  the  posterior  comu 
varies  greatly  in  size,  and  the  hippocampus  minor  is  still  more  variable  in  its 
development,  being  sometimes  scarcely  to  be  recognised,  and  at  others  propor- 
tionally large.  It  is  usually  most  developed  where  the  posterior  cornu  is  longest ; 
but  the  length  of  the  posterior  cornu,  and  prominence  of  the  hippocampus  minor, 
are  by  no  means  in  proportion  to  the  dimensions  of  the  hemisphere,  but  rather 
seem  to  be  associated  with  thinness  of  both  the  medullary  and  the  cortical 
substance. 

The  septum  lucidum  (fig.  378)  is  a thin  translucent  partition,  placed 
between  the  two  lateral  ventricles.  It  extends  vertically  between  the 
corpus  callosum  above,  and  the  anterior  part  of  the  fornix  below  ; and, 
as  the  latter  sinks  down  in  front  away  from  the  corpus  callosum,  the 
.septum  is  deep  before  and  narrow  behind,  in  form  somewhat  resem- 
bling an  obovate  leaf.  Anteriorly  it  lies  in  the  hollow  of  the  bend  of 
the  corpus  callosum,  in  front  of  the  fornix. 

The  septum  lucidum  is  double,  being  composed  of  two  distinct 
laminae,  having  an  interval  between  them,  which  contains  fluid  and  is 
lined  by  an  epitheliated  membrane.  This  is  the  fifth  ventricle , ventricle 
of  the  septum,  or  Sylvian  ventricle. 

Each  of  the  laminae  of  the  septum  which  form  the  sides  of  the  fifth 
ventricle,  consists  of  a layer  of  white  substance  on  the  middle,  and  a 
layer  of  grey  matter  upon  each  surface. 

In  the  human  embryo,  and  also  in  some  animals,  the  cavity  of  this  ventricle 
communicates  with  that  of  the  third  ventricle  in  front  and  below  ; but  in  the 
adult  human  brain  it  forms  a separate  and  insulated  cavity.  Tarin  described  a 
small  fissure  in  it  between  the  pillars  of  the  fomix ; but  this  is  unusual.  In 
■disease  it  is  sometimes  distended  with  fluid. 

The  fornix  (fig.  379,/)  is  an  arched  band  of  white  longitudinal 
fibres,  which  appears  partly  in  the  floor  of  both  lateral  ventricles.  It 
consists  of  two  lateral  halves,  which  are  separated  from  each  other  in 
front  and  behind,  but  between  those  points  arc  joined  together  in  the 
mesial  plane.  The  two  parts  in  front  form  the  anterior  pillars  of  the 
fornix  ; the  middle  conjoined  part  is  named  the  body ; and  the  hind 
parts,  which  are  again  separated  from  each  other,  form  the  posterior 
pillars. 

The  body  of  the  fornix  is  triangular  in  shape,  being  broad  and 
flattened  behind,  where  it  is  connected  with  the  under  surface  of  the 
corpus  callosum,  and  narrower  in  front  as  it  dips  down  to  leave  that 
body, — the  space  between  them  being  filled  up  by  the  septum  lucidum. 
Its  lateral  edges  are  in  contact  with  the  choroid  plexuses,  and  its  under 
•surface,  rests  upon  the  velum  interpositum.  The  space  beneath  the 
velum  interpositum,  and  between  the  two  optic  thalami,  forms  the  third 
ventricle,  to  be  afterwards  described. 

lhe  anterior  crura  or  pillars  of  the  fomix  (fig.  383,  e),  cylindrical  in 
foim,  descend,  slightly  apart  from  eacli  other,  through  a quantity  of  grey 
mattei  on  the  sides  of  the  third  ventricle,  between  the  corpora  striata. 
Luivmg  backwards  as  they  descend,  they  reach  the  corpora  albican tia. 
1 leic  each  crus  turns  upon  itself,  making  a twisted  loop  which  forms 
, le  white  portion  of  the  corpus  albicans  of  its  own  side,  and  ascends 
to  enter  the  substance  of  the  optic  thalamus.  These  crura  are  con- 
nected with,  the  peduncles  of  the  pineal  gland,  and  with  the  taenia 
semicirculans,  as  will  be  afterwards  described. 
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Immediately  behind  the  anterior  pillars  is  an  interval  on  each  side 
between  the  anterior  part  of  the  fornix  and  the  groove  where  the  optic 
thalamus  and  corpus  striatum  meet.  This  interval  leads  from  the 
lateral  ventricle  to  the  third  ventricle.  The  openings  of  opposite  sides, 
passing  downwards  and  backwards,  meet  in  the  middle  line  below,  and 
thus  is  produced  a passage,  single  below,  but  dividing  into  two  branches 
above,  somewhat  like  the  letter  Y,  and  forming  a communication 
between  the  third  ventricle  and  both  lateral  ventricles.  This  passage 
is  named  the  foramen  of  Monro,  or  foramen  commune  anterius. 

The posterior  crura  or  pillars  of  the  fornix  (fig.  378,  G)  are  the  diverging 
continuations  backwards  of  the  two  flat  lateral  bands  of  which  the  body 
is  composed.  At  first  they  adhere  to  the  under  surface  of  the  corpus 
callosum,  then,  curving  outwards,  each  crus  enters  the  descending  cornu 
of  the  corresponding  lateral  ventricle,  where  part  of  its  fibres  are- 
bestowed  on  the  surface  of  the  great  hippocampus  and  the  remainder  are 
prolonged  as  a narrow  band  of  white  matter,  named  tcenia  h ippocarnpi 
or  corpus  fimbricitum,  which  skirts  the  concave  margin  of  the  hippo- 
campus major,  and  extends  to  its  extremity. 

On  examining  the  under  surface  of  the  fornix  and  corpus  callosum,^ 
there  are  seen  posteriorly  the  thickened  border  or  pad,  and  in  front  ol 
it  the  diverging  halves  of  the  fornix,  between  which  a triangular  portion 
of  the  corpus  callosum  appears,  marked  with  transverse,  longitudinal, 
and  oblique  lines.  To  this  part  the  term  lyra  has  been  applied 

(fig.  382, 12).  . . . . , 

The  transverse  fissure  of  the  cerebrum  is  the  passage  by  whicn 
the  pia  mater  passes  from  the  surface  into  the  ventricles  of  the  brain  to 
form  the  choroid  plexus.  It  may  be  laid  open  in  its  whole  extent,  aftei 
the  lateral  ventricles  have  been  opened,  by  completely  dividing  . the 
fomix  and  corpus  callosum  in  the  middle  line,  and  raising  the  divided 
parts  from  the  undisturbed  velum  interpositum  below.  _ It  will  then  be 
found  that,  in  like  manner,  the  posterior  and  middle  portions  of  the  br  am, 
including  the  hippocampus  major  and  corpus  fimbriatrim,  may  be  raiseu 
from  the  subjacent  parts  as  far  as  the  extremity  of  the  descending 
cornu  of  the  lateral  ventricle.  The  transverse  fissure  is,  therefore,  a 
fissure  extending  from  the  extremity  of  the  descending  cornu  on  one- 
side,  over  the  constricted  part  of  the  cerebrum,  to  the  extremity  of  ie 
descending  cornu  of  the  other  side.  It  is  bounded  above  y ie 
corpus  callosum  and  fornix  in  the  middle,  and  more  externally  on  each, 
side  by  a free  margin  of  the  hemisphere  : . interiorly  it  is  bounded  neai 
the  middle  line  by  the  corpora  quadrigemina,  and  on  each  side  by  tne 

posterior  part  of  the  optic  thalamus.  . , . 

In  the  free  margin  of  the  hemisphere,  brought  into  view  >3  p 0 
out  the  part  of  the  transverse  fissure  which  leads  into  the  descending 
cornu  of  the  lateral  ventricle,  there  are  seen  (fig.  381)  1st)  the  ribbon- 
like ledge  formed  by  the  corpus  fhnbriaturp,  along  the  hippo  < 1 
major:  (2nd)  beneath  this,  a small  grey  indented  ridge, _ ^/  • 

dentata;  and  (3rd)  beneath  the  fascia  dentata  the  gyrus  hPP0™  1 - 
On  making  a transverse  section  (fig.  381,  B),  it  is  seen  tin  1 

fimbriatum  forms  the  free  margin  of  the  white  substance  0 , 

sphere,  and  that  the  fascia  dentata  is  the  free  margin  of  the  coiticai 
substance,  and  is  continuous  with  the  grey  matter  oi  the  hypoc 
major,  and  that  thus  the  hippocampus  major  is  the  swelling  inaJtj 
of  the  sulcus  between  the  fascia  dentata  and  gyrus  lnppocai  1 ( 
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convolution).  The  fascia  dentata  can  be  traced  up  to  the  pad  or  bour- 
relet  : its  upper  part  is  free  of  dentations,  and  is  sometimes  named 
fasciola  cinereci.  The  dentations  correspond  with  blood-vessels  passing 
to  and  from  the  choroid  plexus. 


Fig.  382. 


Fig. 


382.- 


\iew  op  the  Upper  Surface  of  the  Velum  Interpositum,  Choroid  Plexus, 
and  Corpora  Striata  (from  Sappey  after  Vicq-d’Azyr).  g 

1,  fore  part  of  the  tela  choroidea  or  velum  interpositum  ; 2,  choroid  plexus  ; 3.  left 
vein  of  Galen  partly  covered  by  the  right ; 4,  small  veins  from  the  front  of  the  corpus 
callosum  and  the  septum  lucidum  ; 5,  veins  from  the  corpus  striatum  ; 6,  convoluted 
marginal  vein  of  the  choroid  plexus  ; 7,  vein  rising  from  the  thalamus  opticus  and  corpus 
f ’ ’ v?m  Proceeding  from  the  inferior  cornu  and  hippocampus  major  ; 9,  one 

f a/I0S  eilor  C0Jnu  > 10,  anterior  pillars  of  the  fornix  divided  in  front  of  the  fora- 
no«.tPrinr  5 .’  W°™lx  di.vided  near  its  fore  part  and  turned  backwards  ; 12,  lyra  ; 13, 

the  ehnrnhl  °f  fo™lx. uuited  Wlth>  H the  corpus  callosum  behind,  and  covered  by 
the  choroid  plexus  as  it  descends  into  the  inferior  cornu. 


interpositum  or  tela  choroidea  (fig.  382),  the  mem- 

iw,nlAr.oCf,C°nriFCnS  t lG-  C^01’°id  plexuses  of  the  two  sides  together,  is 

cniTPRnnnrk1')11  °f  H16  P1,8  mater  through  the  transverse  fissure.  It 

fura.  m l rt111  exfcent  the  fol'nix,  which  rests  upon  its  upper  sur- 

l^rLl  vlt  t;ST  n^lly  ,vascular  borders,  projecting  into  the 
laterai  ventricles  term  the  choroid  plexuses. 

i f choroid  plexuses  (fig.  382,  2)  appear  like  two  knotted  fringes 

• ling  10m  the  foiamen  of  Monro,  where  they  meet  together  beneath 

N N 2 


516 


THE  CEREBRUM. 


the  fornix,  to  the  point  of  caeh  descending  cornu.  They  consist  of  a 
highly  vascular  villous  membrane.  The  villi  with  which  they  are 
covered  are  again  divided  upon  their  surfaces  and  at  their  borders  into 
small  processes,  along  which  fine  vessels  are  seen  to  run.  Numerous 
small  vessels  pass  between  the  plexuses  and  the  surface  of  the  corpora 
striata,  as  well  as  other  neighbouring  parts,  and  the  epithelium  ot  the 
ventricles  is  continued  over  their  surface.  Thus  it  is  only  at  the 
foramen  of  Monro  that  the  epithelial  lining  of  the  lateral  ventricles  is 
continuous  with  that  of  the  third  ventricle. 

Tlie  epithelium  changes  its  character  where  it  covers  the  plexus.  It  is  theie 
composed  of  large  spheroidal  corpuscles,  in  each  of  which  is  seen,  besides  a 
distinct  nucleus,  several  yellowish  granules,  and  one  or  more  dark  round  oil- 
drops.  According  to  Henle  each  of  these  cells  is  provided  with  short,  slender, 
acuminate,  transparent,  and  colourless  processes. 

On  raising  the  velum  interpositum,  two  slight  vascular  fringes  are 
seen  running  along  its  under  surface,  and  diverging  from  each  other 
behind.  They  form  the  choroid  plexuses  of  the  third  ventricle.. 

The  choroid  artery  enters  the  velum  interpositum  at  the  point  of  the 
descending  cornu;  and  other  arteries  enter  from  behind, beneath  the 
corpus  callosum.  The  greater  number  of  the  veins  terminate  m two 
principal  vessels  named  the  veins  of  Galen,  which  run  backwards  on 
the  velum  interpositum,  and  passing  out  beneath  the  corpus  callosum 
pour  their  blood  into  the  straight  sinus,  having  generally  first  united 

into  a single  trunk.  . , , . , , , c „ 

The  velum  having  been  removed,  the  optic  thalami  are  brought  ruUy 
into  view,  together  with  the  cavity  of  the  third  ventricle  situated 
between  them,  while,  behind  the  third  ventricle,  between  it  and  the 
upper  surface  of  the  cerebellum,  are  seen  the  pineal  body,  the  corpora 
quadrigemina,  the  valve  of  Yieussens,  and  the  superior  peduncles  ol  the 

The  third  ventricle  is  a narrow  longitudinal  cleft  placed  between 
the  optic  thalami,  which  bound  it  on  its  two  sides,  ft  is  covered  above 
bv  the  velum  interpositum  and  the  fornix.  Beneath,  its  floor  is  formed 
by  the  following  parts,  which  have  been  already  described  as  seen  o 
the  base  of  the  cerebrum  ; viz.,  commencing  from  behind,  ^ postenoi 
perforated  space,  the  corpora  albicantia,  the  tuber. cinereumand infundi- 
bulum, and  the  lamina  cmerea,  the  last  of  which  also  sei  . 

in  front,  as  high  as  the  anterior  commissure.  Behind,  is  the  antenor 
opening  of  the  aqueduct  of  Sylvius.  The  cavity  is  crossed  by  toe 
commissures,  named  from  their  position,  anterioi,mic  » j 1 

The  middle  or  soft  commissure  is  composed  almost  enbiely ml  t y 
matter,  and  connects  the  two  thalami.  It  is  variable  m size  and .so 
times  wanting  ; it  is  liable  to  be  torn  across  m exammi  toj 

The  anterior  commissure  is  a round  bundle  of  \\  , crossing 

immediately  in  front  of  the  anterior  pillars  of  the  fo1 rwofthe 
between  the  corpora  striata.  It  marks  the  anterior  boundaiy  of  the 

ventricle  ; its  fibres  extend  laterally  through  the  corpora  a 1(®| 

way  into  the  substance  of  the  cerebral  hemispheres,  connecting 

but  of  waller  siZe  is  placed 

across  the  back  part  of  the  ventricle,  between  the  posteno  parts i ot  the 

thalami,  immediately  before  and  below' it  consists 
with  the  corpora  quadrigemina  it  is  intimately  connects 
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of  transverse  white  fibres,  a continuation  of  a series  of  tiansveise  fibies 
which  underlie  the  corpora  quadrigeinina.  Its  fibres,  passing  thiough 
the  thalami,  diverge  in  the  white  substance  of  the  hemisphere.  . 

The  corpora  striata  ( cint&Tiov  ccTcbvcil  fjunf/hcc),  situated  in  nont 
and  to  the  outer  side  of  the  optic  thalami,  are  two  large  ovoid  masses 
of  grey  matter,  the  greater  part  of  each  of  which  is  embedded  m the 


Fig.  3S3. 


Fig.  383. — Dissection  of  the  Brain  from  above,  exposing  the  Lateral, — Third,  and 
Fourth  Ventricles,  with  the  surrounding  parts  (from  Hirschfeld  and  Leveille).  h 

a,  tlie  anterior  part  or  knee  of  tke  corpus  callosum  divided  ; its  fibres  are  seen  spreading 
on  each  side  into  the  cerebral  hemispheres  ; b,  anterior  part  of  the  surface  of  the  right 
corpus  striatum  in  the  anterior  cornu  of  the  lateral  ventricle  ; V , the  same  on  the  left 
side,  in  which  the  grey  substance  has  been  dissected  so  as  to  show  the  peduncular  medul- 
lary fibres  spreading  through  the  corpus  striatum  into  the  cerebral  hemisphere  ; c,  points 
by  a line  to  the  tamia  semieircularis  ; d,  surface  of  the  thalamus  opticus  ; e,  the  anterior 
pillars  of  the  fornix  divided  ; below,  they  are  seen  descending  in  front  of  the  third 
ventricle,  and  between  them  is  seen  a part  of  the  anterior  commissure  ; above  the  letter 
is  seen  the  fifth  ventricle  represented  as  a slit  between  the  two  laminae  of  the  septum 
lucidum  ; /,  placed  on  the  soft  or  middle  commissure  ; <7,  in  the  posterior  part  of  the  third 
ventricle  ; on  either  side  of  this  letter  is  the  white  stria  or  peduncle  of  the  pineal  gland  ; 
immediately  below  the  letter  is  the  small  posterior  commissure  and  the  pineal  gland  ; h, 
the  upper,  and  t,  the  lower  of  the  corpora  quadrigemina  ; 1c,  superior  peduncle  of  cere- 
bellum ; and  close  to  this  the  valve  of  Yieussens,  which  is  partly  divided  by  a median 
incision  along  with  the  middle  lobe  of  the  cerebellum,  so  as  to  open  up  the  fourth  ven- 
^V.,  ’ b , b hippocampus  major  and  corpus  fimbriatum  separated  from  the  posterior 

pillai  or  the  fornix  and  descending  into  the  middle  cornu  of  the  lateral  ventricle ; m, 
postenoi  comu  of  the  lateral  ventricle  and  hippocampus  minor  ; n,  eminentia  collaterals  ; 
o,  the  cavity  of  the  fourth  ventricle  ; p,  posterior  surface  of  the  medulla  oblongata  ; r, 
section  of  the  middle  lobe  showing  the  arbor  vital  ; s,  upper  surface  of  the  cerebellum 
brought  into  view  on  the  left  side  by  the  removal  of  the  posterior  extremity  of  the  left 
hemisphere. 
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middle  of  the  white  substance  of  the  hemisphere  of  the  brain,  whilst  a 
part  comes  to  the  surface  in  the  body  and  anterior  cornu  of  the  lateral 
ventricle.  This  intraventricular  portion  of  the  corpus  striatum  ( nucleus 
caudatus)  is  of  a pyriform  shape,  its  larger  end  being  turned  forwards, 
and  its  narrow  end  being  directed  outwards  and  backwards,  so  that  the 
optic  thalami  of  the  two  sides  are  received  between  the  diverging  corpora 
striata.  On  cutting  into  it,  there  may  be  seen  at  some  depth  from  the 
surface  white  fibres,  which  are  prolonged  from  the  corresponding  cere- 
bral peduucle,  and  give  it  the  streaked  appearance  from  which  it  lias 


received  its  name. 

The  extraventricular  portion  of  the  corpora  striata,  nucleus  Imticularis, 
is  separated  from  the  intraventricular  part  by  a layer  of  white  substance, 


Fig.  384. 


Frt  384.— Right  Half  of  the  Encephalic  Peduncle  and  Cerebellum  as  seen  from 
the  inside  of  A Median  Section  (Allen  Thomson  after  Reichert). 

II,  right  optic  nerve;  II'  optic  commissure  divided;  HI,  right  third  nerve  ; M, 
sixth  nerve  ; V 3,  third  ventricle  ; Th,  hack  part  of  the  thalamus  opticus  ; H,  section  of 
the  pituitary  body  ; A,  corpus  albicans  ; P,  pineal  gland  ; c a,  points  by  a lower  line  to 
the  anterior  commissure  divided,  and  by  an  upper  line  to  the  divice  _ an  enoi  p < 
the  fornix ; l c,  lamina  cinerea  ; i,  infundibulum  (cavity) ; f c,  tuber  emereum  , /^  mark 
of  the  anterior  pillar  of  the  fornix  descending  m the  wall  of  the  third  ventricle  , cm, 
commissure  mollis;  s p,  stria  pinealis  or  peduncle  of  pineal  gbinc  , t p,  P°*  u 
missure,  above  it  the  peduncle  of  the  pineal  gland,  and  below  it  e upp 
passage  to  the  fourth 'ventricle  ; Q,  corpora  quadngemina  (section)  ; a s aqueduct  of 
Sylvius  near  the  fourth  ventricle  ; P V,  pons  Varolii  divided  in  the ^middle  ; M,  medulla 
oblongata  ; p a,  right  anterior  pyramid  ; p d,  decussating  bands  cut  ac  ro  , J i,  P rebel. 
■pyramids  ; c,  central  canal,  divided,  with  grey  substance  suiioundin0  . i n,,,,, 

lum  a v,  stem  of  white  substance  in  the  centre  of  the  middle  lobe  of  Hie  cerebellum 
ramifying  towards  the  arbor  vita-  ; , r,  superior  vermiform  process  or  verHca  portion  of 
the  mid, fie  lobe  ; * c,  single  folium,  which  passes  across  between  the  posterio  Bupenoi 
lobes  c'  the  folia,  which  unite  the  posterior  inferior  lobes  , p,  PJra”  1 * ’ „ ’ 

, nodule  1 part  of  the  laminae  of  the  square  lobe  ; 2,  posterior  superior  lobe  , 3,  pos- 
terior  inferior  lobe  ; 4,  lobulus  gracilis  ; 5,  biventral  lobe;  6,  amygdaloid  lobe. 
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?ind  is  seen  only  on  section  of  tlie  hemisphcie.  Its  hoiizontal  section  le- 
sembles  that  of  a biconvex  lens,  being  wider  in  the  centre  than  at  either 
.end,  hence  its  name.  Its  antero-posterior  diameter  corresponds  closely 
with  that  of  the  Island  of  Reil,  and  its  greatest  width  is  opposite  the 
anterior  edge  of  the  optic  thalamus.  On  a transverse  yer  ical  section 
through  the  middle  it  appears  triangular,  the  apex  ot  the  triangle 
being  directed  inwards,  and  two  clear  lines,  parallel  to  the  outer  side, 
divide  it  into  three  zones,  of  which  the  outer  is  striated  and  the  inner 
.slightly  reddish  in  tint.  On  its  outer  side  is  the  grey  lamina,  termed 
the  claustrum  (p.  564). 

Alon°*  tlic  inner  border  of  ecicli  corpus  striatum ? and  in  a depiession 
between  it  and  the  optic  thalamus,  is  seen  a narrow  whitish  semitrans- 
parent band,  named  tamia  semicircular  is,  or  stria  terminals  (fig.  383,  c,), 
which  is  continued  backwards  into  the  white  substance  of  the  roof  ot 
the  descending  cornu  of  the  ventricle.  In  front  it  reaches  the  corre- 
sponding anterior  pillar  of  the  fornix,  and  descends  in  connection  with 
that  cord  of  white  substance. 

The  thalami  optici  {posterior  cerebral  ganglia)  {/l,  fig.  383)  are  of  an 
oval  shape,  and  rest  on  the  corresponding  cerebral  crura,  which  they  in  a 
manner  embrace.  On  the  outer  side  each  thalamus  is  bounded  by  the 
corpus  striatum  and  tamia  semicircularis.  The  upper  surface,  which  is 
white,  is  free  and  prominent,  and  is  partly  seen  in  the  lateral  ventricle, 
end  partly  covered  by  the  fornix.  The  part  which  is  seen  in  the  lateral 
ventricle  is  more  elevated  than  the  rest,  and  is  named  the  anterior 
tubercle.  The  posterior  and  inner  part  of  the  upper  surface,  beneath  the 
fornix,  is  likewise  prominent  and  is  termed  the  posterior  tubercle  {pitl- 
vinar)  (th,  in  fig.  384).  The  posterior  surface,  which  is  also  white  and 
free,  projects  into  the  descending  cornu  of  the  lateral  ventricle.  The 
inner  sides  of  the  two  thalami  are  in  partial  contact  one  with  the 
other.  They  present  grey  substance  uncovered  with  white,  and  arc 
generally  connected  together  by  a transverse  portion,  which  forms  the 
middle  or  soft  commissure  of  the  third  ventricle.  According  to  Mey- 
nert,  the  grey  matter  on  the  inner  surface  is  distinct  from  that  of  the 


interior  of  the  thalamus. 

The  pineal  body  or  gland  ( conarium ) (fig.  383)  is  a small  reddish 
body,  which  is  placed  beneath  the  back  part  of  the  corpus  callosum,  and 
rests  upon  the  anterior  elevation  of  the  corpora  quadrigemina.  It  is  ad- 
herent to  the  under  surface  of  the  velum  interpositum,  so  that  it  is  liable 
to  be  torn  away  from  the  brain  in  removing  that  membrane.  It  is  about 
the  size  of  a small  cherry-stone.  Its  base  of  attachment,  which  is  its 
broader  .part,  is  directed  forwards,  and  is  connected  with  the  rest  of  the 
•cerebrum  by  white  substance.  This  white  substance  is  principally 
collected  into  two  small  rounded  bundles,  named  peduncles  of  the  pineal 
gland  (fig.  384,  s p),  which  pass  forwards  upon  the  optic  thalami  along 
their  upper  and  inner  borders,  and  may  be  traced  as  far  as  the  anterior 
pillars  of  the  fornix,  in  conjunction  with  which  they  descend.  These 
peduncles  are  connected  with  each  other  behind,  and  the  band  of  union 
between  them  is  adherent  to  the  back  of  the  posterior  commissure. 

The  pineal  gland  is  very  vascular.  It  is  hollowed  out  into  two  or 
more  cells,  which,  sometimes  at  least,  open  anteriorly  into  the  ventricle, 
and  almost  always  contain,  beside  a viscid  fluid,  many  round  and. 
angular  corpuscles  densely  massed  together,  and  a quantity  of  gritty 
matter,  named  acervulus  cerebri.  This  consists  of  microscopic  round 
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particles,  aggregated  into  small  compound  masses,  which  are  again 
collected  into  larger  groups.  It  is  composed  of  the  so-called  amyla- 
ceous or  amyloid  bodies,  and  of  earthy  salts  combined  with  animal 

Fig.  385. 


Fig.  385. — View  of  the  Medulla  Oblongata,  Pons  Varolii,  Crura  Cerebri,  and 
Central  Parts  of  the  Encephalon  from  the  Right  Side.  (Allen  Thomson.) 

The  corpus  striatum  and  thalamus  opticus  have  been  preserved  in  connection  with  the 
central  lobe  and  crura  cerebri,  while  the  remainder  of  the  cerebrum  has  been  removed. 

St,  upper  surface  of  the  corpus  striatum  ; Tli,  back  part  of  the  thalamus  opticus  ; C, 
placed  on  the  middle  of  the  five  or  six  convolutions  constituting  the  central  lobe  or  island 
of  Reil,  the  cerebral  substance  being  removed  from  its  circumference ; Sy,  fissure  of 
Sylvius,  from  which  these  convolutions  radiate,  and  in  which  are  seen  the  white  stria;  of 
the  olfactory  tract ; I,  the  olfactory  tract  divided  and  hanging  down  from  the  groove  in 
the  convolution  which  lodges  it  ; II,  optic  nerves  a little  way  in  front  of  the  commissure  ; 
a,  right  corpus  albicans  with  the  tuber  cinereum  and  infundibulum  in  front  of  it ; Ji, 
hypophysis  or  pituitary  body  ; e,  external,  and  i,  internal  corpus  geniculatum  at  the  back 
part  of  the  optic  tract  ; P,  peduncle  or  crus  of  the  cerebrum  ; /,  fillet  ; III,  right  oculo- 
motor nerve  ; p,  pineal  gland  ; q,  corpora  quadrigemina  ; IV,  trochlear  nerve  rising  from 
v,  the  valve  of  Vieussens  ; V,  placed  on  the  pons  Varolii  above  the  right  nervus  trige- 
minus ; s,  the  superior,  to,  the  middle,  and  in,  the  inferior  peduncles  of  the  crus  cerebelli 
cut  short ; VI,  the  sixth  nerve  ; VII  a,  facial  nerve ; VII  b,  auditory  nerve ; on  the 
medulla  oblongata  the  parts  are  indicated  as  follows  : VIII,  placed  opposite  to  the  cut  end 
of  the  pneumo-gastric  nerve ; «,  the  glosso-pharyngeal  ; and  b,  the  uppermost  fibres  of 
the  spinal  accessory  nerve  ; IX,  the  hypoglossal  nerve  ; p a,  anterior  pyramid  ; o,  olivary 
body  ; a r,  arciform  fibres  ; p p,  posterior  pyramid  ; r,  restiform  body  ; tr,  eminence 
corresponding  to  the  tubercle  of  Rolando  ; at  the  commencement  of  the  spinal  cord,  c ", 
indicates  the  anterior,  c p,  the  posterior,  and  c l,  the  lateral  columns  ; G I,  anterior  am 
posterior  roots  of  the  sub  occipital  or  first  cervical  nerve. 
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matter,  viz.,  phosphate  and  carbonate  of  lime,  with  a little  phosphate 
of  magnesia  and  ammonia  (Stromeyer).  It  is  found  at  all  ages,  fre- 
quently in  young  children,  and  sometimes  even  in  the  foetus.  It 
cannot,  therefore,  be  regarded  as  the  product  of  disease. 

Beneath  the  peduncle  of  the  pineal  gland,  is  a collection  of  grey 
matter  distinct  from  the  rest  of  the  thalamus  and  called  the  ganglion  of 
the  peduncle  of  the  pineal  gland  (ganglion  of  the  habenula).  Fibies 
arise  from  it  and  pass  down  to  the  crus. 

This  sabulous  matter  is  frequently  found  on  the  outside  of  the  pineal  body,  or 
even  deposited  upon  its  peduncles.  It  is  found  also  in  the  choroid  plexuses  : and 
scattered  corpora  amylacea  occur  in  other  parts  of  the  membranes  of  the  brain. 
Huschke  has  pointed  out  that  the  pineal  body  is  larger  in  the  child  and  the 
female  than  in  the  adult  male.  In  the  brains  of  other  mammals  it  is  propor- 
tionally  larger  than  m the  human  subject,  and  less  loaded  uith  the  matter  of 
acervulus  cerebri. 

Whether  the  pineal  gland  consists  of  nerve-tissue  is  still  uncertain.  Meynert 
regards  it  as  one  of  the  centres  for  the  fibres  of  the  crus,  but  Henle  and  others 
consider  that  it  resembles  most  the  supra-renal  capsules. 

The  corpora  or  tubercula  quadrigemina  are  four  rounded  emi- 
nences, separated  by  a crucial  depression,  and  placed  two  on  each  side 
of  the  middle  line,  one  pair  before  the  other.  They  are  connected  with 
the  back  of  the  optic  thalami,  and  with  the  cerebral  peduncles  at  either 
side ; and  they  are  placed  above  the  passage  leading  from  the  third  to 
the  fourth  ventricle. 

The  upper  or  anterior  tubercles  (nates)  are  somewhat  larger  and 
darker  in  colour  than  the  posterior  (testes).  In  the  adult,  both  pairs 
are  solid,  and  are  composed  of  white  substance  on  the  surface,  and 
of  grey  matter  within.  (See  p.  568.) 

They  receive  bands  of  white  fibres  from  below,  the  majority  of  which 
are  derived  from  the  fillet  (see  p.  556).  A white  cord  also  passes  up  on 
each  side  from  the  cerebellum  to  the  corpora  quadrigemina,  and  is 
continued  onwards  to  the  thalami : these  two  white  cords  are  the  pro- 
cessus a cerebello  acl  cerebrum,  or  superior  peduncles  of  the  cerebellum. 
At  each  side  of  the  corpora  quadrigemina  there  proceed  outwards  two 
white  bands,  prominent  on  the  surface  and  sometimes  named  anterior 
and  posterior  brachia.  The  fibres  of  the  anterior  pass  to  the  thalamus 
opticus,  the  inner  corpus  geniculatum,  and  the  optic  tract ; those  of  the 
posterior  to  the  inner  corpus  geniculatum  and  the  crus  cerebri.  Ac- 
cording to  Meynert,  many  of  their  fibres  pass  directly  to  the  cortical 
substance  of  the  hemisphere. 

In  the  human  brain  the  quadrigeminal  bodies  are  small  in  comparison  with 
those  of  animals.  In  ruminant,  soliped,  and  rodent  animals,  the  anterior  tuber- 
cles are  much  larger  than  the  posterior,  as  may  be  seen  in  the  sheep,  horse,  and 
rabbit ; and  hence  the  name  nates,  formerly  applied  to  the  anterior,  and  testes  to 
the  posterior  tubercles.  In  the  brains  of  carnivora,  the  posterior  tubercles  are 
rather  the  larger.  In  the  foetus  of  man  and  mammals  these  eminences  are  at  first 
single  on  each  side,  and  have  an  internal  cavity  communicating  with  the  ventri- 
cles.  They  are  constant  in  the  brains  of  all  vertebrate  animals  ; but  in  fishes, 
reptiles,  and  birds,  hi  which  animals  they  receive  the  name  of  optic  lobes,  they 
aie  only  two  in  number,  and  hollow  : in  marsupialia  and  monotremata,  they  are 
also  two  in  number,  but  are  solid. 

Optic  tracts  and  corpora  geniculata. — The  optic  tracts,  which 
have  already  been  referred  to  in  connection  with  the  base  of  the  cere- 
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brum,  are  attached  to  and  embrace  the  under  side  of  the  corresponding 
peduncles,  and  may  be  traced  back  to  the  thalami.  Each  tract  is  some- 
what cylindrical  towards  the  optic  commissure,  where  it  is  connected 
with  a deposit  of  grey  matter  adjacent  to  the  tuber  cinereum.  It  be- 
comes flattened  and  broader  as  it  approaches  the  thalamus,  and  makes 
a bend  as  it  turns  round  the  peduncle  to  reach  the  back  part  of  that 
body.  Near  this  bend,  which  is  named  the  hiee  (genu),  and  to  the 
outer  side  of  the  corpora  quadrigemina,  are  placed  two  small  oblong  and 
flattened  eminences  connected  with  the  posterior  extremity  of  the  optic 
tract.  They  are  small  masses  of  grey  matter  about  the  size  and  shape 
of  coffee-beans,  placed  one  on  the' outer  and  one  on  the  inner  side  of  the 
genu  of  the  optic  tract,  and  hence  they  are  named  respectively,  corpus 
{jeniculalum  externum  and  internum.  They  send  fibres  into  the  optic  tract 
and  also  into  the  thalamus  of  the  same  side.  Other  fibres  go  directly 
from  the  optic  tract  to  the  thalamus,  passing  between  the  outer  corpus 
geniculatum  and  the  crus  cerebri,  and  others  to  the  anterior  corpora 
quadrigemina. 

The  fibres  of  the  optic  tract  are  therefore  derived  from  three 
sources,  viz. , the  thalamus,  the  corpora  quadrigemina,  and  the  corpora 


geniculata. 

Beneath  the  tract  as  it  passes  over  the  crus  is  a band  of  fibres  pass- 
ing in  the  same  direction,  called  the  “ collar  of  the  crus . ’ They  are 
connected  behind  with  the  optic  thalamus,  and  in  front  with  the  tuber 
cinereum  and  inner  part  of  the  corpus  striatum., 

The  processus  a cerebello  ad  cerebrum,  superior  peduncles 
of  the  cerebellum,  are  two  large  white  cords  extending  downwards 
and  somewhat  outwards  from  the  corpora  quadrigemina  to  the  fore  part 
of  the  cerebellum,  and  connecting  the  latter  with  the  cerebrum,  d hey 
rest  upon  the  crura  cerebri,  to  which  they  are  united,  and  between 
them  is  the  valve  of  Vieussens.  Some  of  their  fibres  decussate  beneath 
the  corpora  quadrigemina. 

The  valve  of  Vieussens  (velum  medullare  anterius),  (fig.  38o) 
stretched  between  the  processus  a cerebello  ad  cerebrum,  is  a thin  layei 
of  nervous  matter,  which  lies  over  the  passage  from  the  third  to  the 
fourth  ventricle,  and,  lower  down,  covers  in  a part  of  the  fouith 
ventricle  itself.  It  is  narrow  in  front,  where  it  is  connected  with  the 
quadrigeminal  bodies,  and  broader  behind,  where  it  is  continuous  with 

the  median  portion  of  the  cerebellum.  . 

The  valve  is  composed  of  white  substance,  superficial  m its  uppci 
portion,  but  concealed  in  its  lower  half  by  a few  transverse  ndges 
of  grey  matter,  which  appear  as  if  prolonged  from  the  grey  hi  me  I he 
of  the  cerebellum  with  which  the  valve  is  there  continuous.  V\  ithm 
it  is  some  grey  substance,  which  constitutes  the  nucleus  of  the  iooj 
of  the  fourth  ventricle  of  Stilling,  and  is  supposed  to  connect  the  two 

dentate  nuclei.  . ,. 

From  between  the  posterior  quadrigeminal  tubercles  a slight  media 
ridge,  named  frenulum,  descends  a little  way  upon  the  vane  ; anc  on 
the  sides  of  this  the  commencing  fibres  of  the  fourth  pair  ot  nen  es 
pass  transversely  outwards.  The  back  part  ot  the  valve  is  ovcilappe 
and  concealed  by  the  superior  vermiform  process  ot  the  cerebellum. 

Aqueduct  of  Sylvius.— Beneath  the  corpora  quadrigemina  a nar- 
row canal  connects  the  third  ventricle  in  front  with  the  fourth  ven  ric 
behind.  It  varies  in  shape  in  different  parts,  being  T-shaped  be  , 
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elongated  vertically  in  front.  A thick  layer  of  grey  substance  occupies 
its  floor,  beneath  which,  on  each  side,  is  the  common  nucleus  of  the 
third  and  fourth  nerves. 

INTERNAL  STRUCTURE  OP  THE  CEREBRUM. 

The  cerebrum,  like  the  rest  of  the  encephalon,  is  composed  of  white 
aud  o-rey  substance,  the  white  pervading  nearly  the  whole  of  its  extent, 
though  more  exclusively  composing  its  deeper  parts  ; the  grey  forming 
a cover  in"  of  some  thickness  over  the  whole  surface  of  the  convolutions, 
and  in  certain  of  the  deeper  parts  either  collected  into  distinct  masses 
or  scattered  among  the  bundles  of  nerve  fibres,  such  as  the  corpora 
striata,  tlialami  optici,  corpora  quadrigemina,  and  crura  cerebri.  To 
the  o-rey  substance,  the  names  of  cimritious  and  cortical  have  been 
applied  ; to  the  white  that  of  medullary. 

The  White  Matter  of  the  encephalon  consists  of  tubular  fibres, 
varying  in  size  in  different  parts,  but  in  general  still  smaller  than  those 
of  the*3 cord,  their  average  diameter  being  the  totW^1  an  inch- 
Non-medullated  fibres  are  seen  only  in  the  neighbourhood  of  the 
o-rey  matter  in  the  basal  ganglia  and  cortex.  The  fibres  of  the  white 
substance  present  no  divisions.  They  are  arranged  in  bundles  sepa- 
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Fig.  386. — Sketch  of  a Dissection  showing  the  connection  of  the  Columns  of  the 
Medulla  Oblongata  with  the  Cerebrum  and  Cerebellum  (from  Mayo).  ^ 

In  the  lower  part  of  the  figure  the  medulla  oblongata  is  entire  where  it  is  prolonged 
downwards  into  the  spinal  cord  ; a,  the  anterior  pyramid  ; a',  its  continuation  upwards 
into  the  pons  Yarolii  (m)  ; c,  olivary  body  ; c',  olivary  fasciculus  ; behind  c',  the  fasciculi 
tcretes  are  represented  ; d,  the  white  lamime  in  part  of  the  cerebellum  ; f,  superior 
peduncle  of  the  cerebellum  ; <7,  anterior  part  or  crust  of  the  cerebral  peduncle  ; h,  part 
of  the  fibres  radiating  from  the  peduncle  into  the  right  cerebral  hemisphere,  of  which  a 
considerable  extent  is  shown  containing  parts  of  the  frontal,  parietal,  and  occipital  lobes  ; 
th  Vi  !/>  Part  of  the  corona  radiata ; h'  (in  front),  centi-al  fibres  of  the  convolutions  ; i, 
fillet  ; l,  back  of  the  thalamus  opticus  ; in,  pons  Yarolii  ; n,  inferior  peduncle  of  the 
crus  cerebelli ; o,  section  of  the  pes  hippocampi  ; r,  tegmentum  ; y,  y,  show  the  white 
fibres  issuing  from  the  corpus  striatum. 
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rated  by  a network  of  delicate  connective  tissue,  consisting  of  cells 
possessing  distinct  nuclei  and  delicate  processes,  which  unite  to  form 
incomplete  lamina;. 

The  general  direction  which  the  fibres  follow  is  best  seen  in  a brain  that  has 
been  hardened  by  immersion  in  alcohol,  although  it  is  true  that  in  an  ordinary 
dissection  of  such  hardened  masses  with  the  scalpel,  we  do  not  then  trace  the 
single  fibres,  but  only  the  smaller  bundles  and  lamellae  which  they  form  by  their 
aggregation.  It  must  also  be  admitted  that  where  they  intimately  decussate,  the 
tearing  of  fibres  across  is  liable  to  be  mistaken  for  the  separation  of  sets  of  fibres 
one  from  the  other  ; it  is  necessary  to  correct  such  errors  by  the  examination  of 
sections  under  the  microscope.  The  microscopic  examination  of  the  cerebrum, 
however,  is  as  yet  still  less  complete  than  that  of  the  spinal  marrow  and  medulla 
oblongata.  By  the  dissection  of  artificially  prepared  brains,  aided  in  part  by 
microscopic  observation,  the  following  general  facts  have  been  ascertained. 


The  fibres  of  the  cerebrum,  though  exceedingly  complicated  in  their 
arrangement,  and  forming  many  different  groups,  may  be  referred  to 
three  principal  systems,  according  to  the  general  course  which  they  take, 
viz.  : — 1.  Ascending  or  peduncular  fibres,  which  pass  from  the  medulla 
oblongata  to  the  hemispheres,  and  constitute  the  peduncles  of  the  cere- 
brum. These  fibres  increase  in  number  as  they  ascend  through  the 
pons,  and  still  further  in  passing  through  the  optic  thalami  and 
striated  bodies,  beyond  which  they  spread  in  all  directions  into  the 
hemispheres.  2.  Transverse  or  commissural  fibres,  which  connect  the 
two  hemispheres  together.  8.  Longitudinal  or  collateral  fibres,  which, 
keeping  on  the  same  side  of  the  middle  line,  connect  more  or  less 
distant  parts  of  the  same  hemisphere. 

1.  The  Peduncular  fibres,  in  each  hemisphere,  consist  of  a main 
body  and  of  certain  accessory  bundles  of  fibres. 

Fig.  387. — Posterior  View 


Fig.  387. 


of  the  Peduncles  of  the 
Cerebrum  and  Cerebel- 
lum (after  Arnold).  A 

The  lower  and  fore  part  of 
the  cerebral  hemispheres  is 
preserved,  the  cerebellum  is 
completely  detached  from  its 
peduncles,  and  on  the  right 
side  the  corpora  quadrigemina 
and  thalamus  opticus  have 
been  dissected,  a,  fasciculus 
teres  of  the  left  side  ; i,  fibres 
of  the  tegmentum  ascending 
through  the  right  thalamus  ; 

c,  left  corpora  quadrigemina  ; 

d,  lateral  column  of  the  cord  ; 
c,  restiform  body ; /,  superior 
peduncles  of  the  cerebellum  ; 
cj,  fibres  of  the  crust  ; i,  i, 
the  fillets  ; k,  k,  corpora 
striata  ; l,  the  left  thalamus  ; 

m,  m,  sections  of  the  middle 
peduncles  of  the  cerebellum  ; 

n , section  of  the  left  inferior 
peduncle  ; p,  left  posterior 
pyramid  ; q,  section  of  the 
corpus  callosum  ; s,  under 

surface  of  the  same,  and  below  it  the  cavity  of  the  fifth  ventricle  ; c,  left  anterior  plla 
of  the  fomix  ; y,  decussation  of  the  radiating  fibres  with  the  crossing  fibres  of  the  u p 


callosum. 
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Tho  main  l)odij  is  derived  from  the  anterior  pyramid,  from  the  fasci- 
culi teuetes,  and  from  the  posterior  pyramid.  Aftei.  it  has  passed 
through  the  pons,  and  become  increased  in  amount,  it  is  sepaiated 
into  two  parts  in  the  crus  cerebri  by  a layer  of  dark  cineritious  matter 
named  locus  niger.  The  lower  or  superficial  part,  which  is  deriv  ed 
from  the  anterior  pyramid,  consists  almost  entirely  of  white  fibres, 
collected  into  coarse  fasciculi,  and  is  named  the  crusta  or  basts,  or  the 
fasciculated  portion  of  the  peduncle  (Foville)  (fig.  388,  g).  It  contains 
also  fibres  from  the  nerve  nuclei  of  the  medulla,  and  from  the  middle 
peduncle  of  the  cerebellum.  The  upper  pait,  composed  prmcipa  y of 
the  fasciculus  teres  and  posterior  pyramid,  is  named  the  tegmentum  (&). 
It  is  softer  and  finer  in  texture,  and  is  mixed  with  much  grey  matter. 

Still  increasing  in  number  within  the  peduncle,  these  two  sets  of 
fibres  ascend  to  the  thalamus  and  corpus  striatum.  A much  larger 
number  of  fibres  diverging  from  these  bodies  appear  to  pass  to  the 
medullary  substance  of  the  hemispheres  than  are  contained  in  the 
The  actual  continuity  of  the  individual  fibres  spreading  out 


crura. 
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in  the  hemisphere  with  those  peduncular  fibres  which  enter  the  sub- 
stance of  the  thalamus  and  corpus  striatum  is  doubted  by  many  authors, 
and  among  them,  by  Kolliker,  who  believe  that  the  connection  between 
the  fibres  "is  effected  by  the  branching  cells  of  the  ganglia.  Some  fibres 
certainly  pass  by  or  through  the  ganglia,  directly  to  the  convolutions.  The 


posterior  fibres  of  the  tegmentum 
pass  directly  to  the  surface, as  do  also 
those  of  the  crus,  which  separate 
the  lenticular  and  caudate  nuclei 
of  the  corpus  striatum. 

The  assemblage  of  radiating  fibres 
in  each  hemisphere  might  be  com- 
pared to  a fan,  bent  into  the  form 
of  an  incomplete  hollow  cone,  having  its  concave  surface  turned  down- 
wards and  outwards  ; hence  the  name  corona  racliata  applied  to  them 
by  Reil,  and  fibrous  cone  by  Mayo  (fig.  388). 

The  accessory  fibres  of  the  peduncular  system  are  as  follows  : — 


Fig.  388. — View  op  a Dissection  of  the 

Fibres  in  the  Left  Cerebral  Hemi- 
sphere from  below  (after  Mayo).  -A 

The  lower  part  of  the  temporo-sphcnoidal 
lohe  has  been  removed,  a , the  anterior  and 
a',  the  'posterior  part  of  the  fillet  of  the 
corpus  callosum  ; b,  g,  section  of  the  crus 
cerebri  ; b,  tegmentum  ; g,  crust  separated 
from  the  last  by  the  locus  niger  ; c',  fibres 
stretching  from  the  back  part  of  the  corpus 
callosum  into  the  posterior  lobe  ; c,  fasciculus 
uncinatus  connecting  the  anterior  and  middle 
lobes  across  the  Sylvian  fissure  ; /,  /,  trans- 
verse fibres  from  the  corpus  callosum  passing 
into  the  cerebral  hemispheres ; l,  back  part 
of  the  thalamus  ; m,  corpus  albicans  ; q, 
median  section  of  the  corpus  callosum  ; r, 
radiating  fibres  of  the  hemispheres  ; t,  ante- 
rior pillar  of  the  fornix  descending  into  the 
corpus  albicans  (m)  ; v,  collateral  fibres  of 
the  convolutions  ; x , anterior  commissure. 


Fig.  388. 
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a.  The  superior  peduncles  of  the  cerebellum  (processus  ad  cerebrum), 
which  arc  continued  up  beneath  the  corpora  quadrigemina,  and  form  part 
of  the  tegmentum.  Some  of  these  fibres  are  believed  by  Mcynert  to 
be  connected  with  the  cells  of  the  corpus  striatum. 

b.  The  bundle  of  fibres  on  each  side,  named  the  fillet  (lemniscus) 
(i,  fig.  887).  This,  which  is  originally  derived  from  the  anterior  column 
of  the  cord,  proceeds  from  the  olivary  fasciculus  of  the  medulla  oblon- 
gata, as  previously  described.  Eeinforced  by  fibres  from  the  corpus 
dentatum  of  the  olivary  body,  it  ascends  through  the  back  part  of  the 
pons,  still  increasing  in  size.  Appearing  at  the  side  of  the  cerebral 
peduncle,  above  the  upper  border  of  the  pons,  it  divides  into  two  portions, 
of  which  one  crosses  over  the  superior  peduncle  of  the  cerebellum  to  the 
corpora  quadrigemina,  meeting  its  fellow  of  the  opposite  side,  while 
the  other  is  continued  upwards  with  the  fibres  of  the  tegmentum. 

c.  Fibres  from  the  middle  peduncles  of  the  cerebellum  are  believed  to 
turn  upwards  in  the  pons  and  join  those  of  the  crusta.  (Meynert, 
Broadbent.) 

cl.  The  crusta  also  contains  fibres  which  pass  upwards  from  the 
grey  nuclei  in  the  floor  of  the  fourth  ventricle. 

e.  Other  fibres  accessory  to  the  peduncles  take  their  rise  in  the  grey 
matter  of  the  corpora  quadrigemina  (constituting  their  brachia),  and 
proceed  on,  the  anterior  to  the  thalami  optici  and  surface  of  the  inner 
corpora  geniculata ; the  posterior  to  the  inner  corpora  geniculata  and 
thence  to  the  crura  cerebri. 

f.  Lastly,  fibres  of  another  set,  also  joining  the  peduncles,  are  de- 
rived from  the  corpora  geniculata. 

2.  The  transverse  commissural  or  connecting  fibres  of  the  cere- 
brum, include  the  following  sets. 

a.  The  cross  fibres  of  the  corpus  callosum  pass  laterally  into  the 
substance  of,1  the  hemispheres,  some  being  directed  upwards,  whilst 
others  spread  outwards  on  the  roof  of  the  lateral  ventricles,  forming 
there  what  is  named  the  tapetum.  Intersecting  the  peduncular  ra- 
diating fibres,  they  spread  out  into  the  hemispheres,  reaching  every- 
where the  grey  matter  of  the  convolutions.  In  the  middle  of  the  white 
centre  of  the  hemisphere  the  ascending  fibres  preponderate,  but 
o-radually  disappear  towards  the  corpus  callosum,  while,  on  the  other 
hand,  towards  the  convolutions  all  the  fibres  assume  an  ascending- 
direction,  and  the  decussation  disappears.  It  is  doubtful  whether  any 
of  the  ascending  fibres  of  the  corona  radiata  enter  the  corpus  callosum. 

b.  The  fibres  of  the  anterior  commissure , exceedingly  fine,  pass  laterally 
into  the  corpora  striata,  and  bending  backwards,  extend  a long  way 
into  the  middle  of  the  hemisphere,  and  are  distributed  to  the  temporo- 

sphenoidal  lobes  (fig.  388  x ).  ...... 

c.  The  fibres  of  the  posterior  commissure  run  through  the  optic 
thalami,  and  are  soon  lost  in  the  substance  of  the  hemispheres  outside 


these  bodies.  . . . , , .,  _ 

3.  The  longitudinal  or  collateral  system  of  fibres  includes  tho^e 

of  the  fornix,  tmnia  semicircularis,  and  stria;  longitudinales  of  the  corpus 
callosum,  already  sufficiently  described  ; and  likewise  the  following. 
a.  Fibres  of  the  gyrus  for nicatus  ; fillet  of  the  corpus  callosum  (Mayo). 

These  fibres  constitute  the  white  substance  of  the  gyrus  fornicatus, 

and  take  a longitudinal  course  immediately  above  the  transverse  fibres 
of  the  corpus  callosum  (fig.  889,  a o').  Ia  front  they  bend  downwards 
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within  the  gyrus  to  which  they  belong’,  find  fire  connected  with  the  ante- 
rior perforated  space,  being  joined  by  certain  longitudinal  fibres  which 
run  alono-  the  under  surface  of  the  corpus  callosum  near  the  middle  line, 
passing  near  and  upon  the  upper  edge  of  the  septum  lucidum.  Behind, 
they  turn  round  the  back  of  the  corpus  callosum  and  thence  descend  to 
the  point  of  the  middle  lobe,  where,  according  to  Foville,  they  again 
reach  the  perforated  space.  Offsets  from  these  fibres  pass  upwards  and 
backwards  into  the  secondary  convolutions  derived  from  the  gyrus 

fornicatus  in  the  longitudinal  fissure.  _ . 

I).  Fasciculus  uncincUus. — Under  this  name  is  described  a white 
bundle,  seen  on  the  lower  aspect  of  the  hemisphere,  passing  acioss  the 
bottom  of  the  Sylvian  fissure,  and  connecting  the  frontal  with  the 
temporo-sphenoidal  lobe  (fig.  388,  e).  The  fibres  of  this  bundle  expand 
at  each  extremity,  and  the  more  superficial  of  them  are  curved  or 
hooked  sharply  between  the  contiguous  parts  of  the  anterior  and  middle 
lobes, — whence  it  has  derived  its  name. 

c.  The  convolutions  of  the  cerebrum  are  connected  with  each  other 
by  white  fibres,  which  lie  immediately  beneath  the  cortical  substance. 
Some  of  them  pass  across  the  bottom  of  the  sulcus  between  adjacent 
convolutions  ; whilst  others,  which  are  longer  and  run  deeper,  connect 
convolutions  situated  at  a greater  distance  from  one  another. 

Fig.  389. 


Fig.  389. —View  op  a Dissection  op  the  Fibres  op  the  Gyrus  Fornicatus  and  Fornix, 
in  the  Right  Hemisphere  (slightly  altered  from  Foville).  4 
A,  the  anterior  lobe  ; B,  the  posterior  lobe  ; a,  a a",  fibres  of  the  gyrus  fornicatus  ; 
c,  c',  oblique  bands  of  fibres  of  some  of  its  accessory  gyri ; b,  tegmentum,  and  <7,  crust  of 
the  crus  cerebri,  separated  by  the  locus  niger  ; l,  thalamus  ; m,  fissure  of  Sylvius  ; n,  corpus 
albicans ; q,  median  section  of  the  corpus  callosum  ; s,  septum  lucidum  ; t,  the  fornix, 
its  anterior  pillar  descending  into  the  corpus  albicans,  and  then  emerging  from  that  at  its 
termination  (*)  in  the  thalamus  ; 1,  the  olfactory  bulb  ; 2,  the  optic  commissure. 

_ Foville’s  Views. — The  researches  of  Foville  have  led  him  to  differ  con- 
siderably from  other  anatomists  as  to  the  course  of  the  fibres  of  the  cerebrum, 
as  will  be  seen  from  the  following  statement  of  his  views. 

1.  The  crust  ox  fasciculated  portion  of  each  cerebral  peduncle,  derived  from 
the  anterior  pyramid,  forms  by  itself  the  peduncular  fibrous  cone,  and  is  thence 
continued  on  into  the  radiating  fibres  of  the  cerebrum,  which  are  destined  only 
for  the  convolutions  on  the  convex  surf  ace  of  the  hemisphere,  including  the  outer 
half  of  the  marginal  convolution  of  the  longitudinal  fissure,  and  the  inner  half 
of  the  convolution  around  the  Sylvian  fissure. 
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2.  The  fibres  of  the  tegmentum,  having  entered  the  thalamus,  pass  on  in  two 
'ways — no  part  of  them,  however,  joining  the  radiating  peduncular  fibres. 

a.  One  set  pass  upwards  through  the  thalamus  and  corpus  striatum,  above 
•which  they  then  turn  inwards,  and,  joining  with  those  of  the  opposite  side, 
form  the  transverse  fibres  of  the  corpus  callosum.  The  corpus  callosum  is  there- 
fore regarded  as  a commissure  of  the  cerebral  peduncles  only — none  of  its  cross 
fibres  spreading  into  the  convolutions,  as  is  generally  believed. 

b.  The  second  set  of  fibres  of  the  tegmentum,  corresponding  with  the  fasciculi 
teretes  and  part  the  posterior  pyramids,  inn  forwards  near  the  middle  line,  along 
the  under  side  of  the  third  ventricle  and  corpus  striatum,  through  the  grey 
matter  in  front  of  the  pons,  to  the  anterior  perforated  space.  The  remaining 
part  of  the  posterior  pyramid  forms  the  tamia  semicircularis,  which,  passing 
down  in  front  of  the  anterior  pillar  of  the  fomix,  also  reaches  the  perforated 
space.  From  this  space  more  fibres  are  reflected  upwards  on  the  sides  of  the 
corpus  striatum  to  join  the  corpus  callosum. 

3.  As  dependencies  of  the  posterior  peduncular  fibres,  and  connected  with  them 
at  the  borders  of  the  anterior  perforated  space,  are  : — _ . 

a.  Several  sets  of  longitudinal  arched  fibres,  which  embrace,  in  a series  oi  rings, 
the  radiating  peduncular  system.  These  are — the  deep  fibres  of  the  taenia  semi- 
circularis— a somewhat  similar  band  beneath  the  outer  part  of  the  corpus  striatum 
—the  half  of  the  fornix  with  the  corpus  fimbriatum— the  longitudinal  fibres 
placed  on  the  upper  and  under  surface  of  the  corpus  callosum,  and  those  ot  the 
septum  lucidum ; and,  lastly,  two  remarkable  systems  of  longitudinal  fibres— one 
constituting  the  entire  white  substance  of  the  gyrus  fomicatus  (from  end  to  end;, 
also  of  its  accessory  convolutions,  and  of  the  inner  half  of  the  marginal  convo- 
lution of  the  longitudinal  fissure:  and  the  other,  forming  the  white  substance  ot 
the  convolutions  of  the  island  of  Reil,  and  the  adjoining  half  of  the  convolution 
of  the  Sylvian  fissure.  None  of  the  parts  just  named  receive  fibres  from  the 

ladiatn  ^.ith  t]lis  system  is  a thin  stratum  of  white  fibres,  found 

upon  the  internal  surface  of  the  ventricles,  and  prolonged  through  the  transvers 
fissure  into  the  reticulated  white  substance  covering  the  lower  end  of  the  gyi 
fomicatus;  whence  it  extends,  as  an  exceedingly  thin  layer  of  medullary 
matter  all  over  the  cortical  substance  of  the  hemisphere. 

<?.  The  anterior  commissure  does  not  reach  the.  convolutions,  but  radiates  upon 

the  outer  sides  of  the  corpora  stiiata  and  thalami. 

The  Grey  Matter  of  the  cerebrum  may  be  considered  in  three 
•categories,  according  as  it  is  placed  (a)  on  the  convoluted  surface,  (0)  at 

the  base,  and  (c)  in  the  interior  of  the  cerebrum. 

(A.)  ON  THE  convoluted  surface  the  grey  matter  forms la  continuous 
layer  divided  into  two  and  in  some  regions  into  three  strata,  by  Riterposecl 
thin  layers  of  paler  substance.  In  examining  a section  from  without  m- 
wards  we  meet  with — 1.  A thin  coating  of  white  matter  situated  ont 
surface  which  on  a section  appears  as  a faint  white  line,  bounding  ie 
grey  surface  externally  (fig.  390,  a).  This  superficial  white ' ^ 
equally  thick  over  all  parts  of  the  cortical  substance,  but  becomes  thic 
as  it  approaches  the  borders  of  the  convoluted  sui  face , & 

less  conspicuous  on  the  lateral  convex  aspect  of  the  fiemisp 
more  so  on  the  convolutions  situated  m the  longitudi  < 
approach  the  white  surface  of  the  corpus  callosum,  and  on  those  of  the 
Xer  surface  of  the  brain.  It  is  especially  well 
sphenoidal  lobe,  near  the  descending  cornu  of  the  lateral jentiic  , 
the  convoluted  surface  is  bounded  by  the  posterior  pillaio  ■■ * 

it  has  been  there  described  under  the  name  ot  the  ictuv.l  . _ found 

stance  2.  Immediately  beneath  the  white  layer  just  descr  , 
a comparatively  thick  'layer  of  grey  or  reddish 
of  which,  as  indeed  of  the  grey  substance  generally,  is  deep 
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according  as  its  very  numerous  vessels  contain  much  or  little  blood. 
Then  follow,  3.  Another  thin  whitish  layer;  and  4.  A thin  grey 


Fig.  390. — Section  of 
the  Comical  Sub- 
stance of  a Cerebral 
Convolution  (from 
Remak). 

In  A,  the  parts  are 
nearly  of  the  natural 
size.  To  the  light  of  the 
figure,  a and  e are  two 
white,  and  b and/  two 
grey  strata  ; to  the  left 
of  the  figure,  an  addi- 
tional white  layer,  e,  di- 
vides the  first  grey  into 
two,  b and  d.  In  B,  a 
small  part  of  the  cortical 
substance  of  a convolution 


is  represented,  magnified 
to  show  more  clearly  the 

relative  position  of  the  strata  ; a,  superficial  white  layer  ; b,  reddish  grey  layer  ; c,  inter- 
mediate white  layer  ; d,  inner  part  of  the  outer  grey  layer  ; e,  thin  white  layer  ;/,  inner 
grey  layer  ; g,  radiating  white  fibres  from  the  medullary  substance  of  the  convolution 
passing  into  the  layers  of  the  cortical  substance. 


stratum.  This  last  lies  next  to  the  central  white  matter  of  the  hemisphere, 
In  some  convolutions,  especially  in  the  occipital  region,  a paler  layer 
(fig.  390,  B)  divides  the  outer  grey  layer  into  two  ( b and  d). 

This  cortical  grey  substance  of  the  convolutions  contains  cells  and 
fibres  embedded  in  a matrix.  In  this  matrix  most  observers  (Ehrenberg, 
Henle,  Boll)  have  found  only  a granular  structure,  while  others  (as  Max 
Schultze)  believe  that  it  consists  of  a network  of  fibres.  It  contains 
nuclei,  and  is  probably  of  the  nature  of  connective  tissue  (neuroglia), 
similar  to  that  which  supports  the  elements  in  other  parts  of  the  nerve 
centres  (p.  136),  and  later  researches  have  traced  in  it  a similar  cor- 
puscular structure. 


The  cells  are  of  various  forms  and  sizes, — spherical,  angular,  fusiform, 
pyramidal,  stellate, — many  of  them  with  numerous  processes.  Some  of 
these  branching  cells  are  irregular  in  form  and  position,  others  are 
more  regularly  pyramidal  in  shape,  and  have  the  apex  of  the  pyramid 
turned  towards  the  surface  of  the  convolution.  The  average  size  of  the 
larger  pyramidal  cells  is  y-^u^th  of  an  inch  in  diameter  at  the  base,  and 
each  contains  a rounded  nucleus  having  an  average  diameter  of  --o--th 
of  an  inch.  They  commonly  contain  a little  yellowish  pigment.  ° 'The 
process  from  the  apex  may  be  traced  for  some  distance  towards  the  sur- 
face of  the  convolution,  and  is  then  lost.  The  mode  of  its  termination 
is  unknown.  Several  fine  branching  processes  pass  from  the  angles  at 
thebase  of  these  cells  and  run  outwards  or  towards  the  medullary  centre. 
Some  of  these  divide  and  ramify,  the  branches  forming  a network  of 
fine  anastomosing  fibres,  while  others  have  been  traced  inwards  undi- 
\ ided,  and  are  supposed,  to  be  continuous  with  the  axis-cylinder  of  a 
nerve  fibre.  The  undivided  axis-cylinder  process,  according  to  some 
observers,  arises  from  the  centre  of  the  base  of  the  cell,  as  in  some 
other  parts  of  the  nervous  system.  The  processes  of  these  cells,  as 

well  as  the  body  of  the  cell  itself,  are  said  to  possess  a distinct  longi- 
vol.  ir.  r 
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tudinal  strintion.  The  smaller  angular  corpuscles  are  also  nucleated 
and  provided  with  processes  which  run  in  various  directions,  and  pro- 
bably unite  into  a fine  network.  Rounded  cells,  tolerably  uniform  in 
size,  (about  ^J^th  of  an  inch  in  diameter)  also  occur.  They  have  no 
visible  processes.  Both  these  and  the  angular  cells  often  appear  to  lie 
within  clear  spaces  in  the  matrix. 

The  fibres  radiate  from  the  white  centre  of  each  convolution  in  all 
directions  into  the  grey  cortex,  having  a course  for  the  most  part  per- 
pendicular to  the  tree  surface.  In  passing  through  the  grey  substance 
they  are  arranged  in  bundles  about  y^th  of  an  inch  in  diameter,  and 
thus  separate  some  of  the  nerve  cells,  giving  them  a columnar  arrange- 
ment. The  direction  of  the  fibres  varies,  according  to  the  part  of  the 
convolution  in  which  they  occur,  whether  near  the  summit  or  the  base, 
and  the  radiating  fibres  are  wanting  in  the  sulcus  between  two  convo- 
lutions, where  the  fibres  have  an  arciform  course,  corresponding  to  the 
surface  of  the  sulcus,  and  seem  to  connect  the  adjacent  convolutions. 
Other  fibres  pass  in  all  directions  through  the  grey  substance,  connecting 
its  several  layers.  Gerlach  has  called  attention  to  the  presence  ot 
bundles  of  medullated  fibres  at  right  angles  to  the  radiating  bundles, 
and  forming  with  them  a large-meshed  network,  in  the  interstices  ot 
which  is  a still  finer  network,  composed  of  the  finest  non-medullated 
nerve  fibres,  and  formed,  he  believes,  by  the  interlacement  and  anasto- 
mosis of  the  ramifying  processes  from  the  nerve  cells.  The  coarser 
fibres  are  said  to  arise  from  the  cell-processes,  either  directly,  or  indi- 
rectly through  this  fine  network. 

Layers  of  tlie  cortex. — rl  he  form  and  arrangement  of  the  cells 
differ  at  various  depths  from  the  surface  of  the  convolution,  and  as 
these  variations  possess  considerable  uniformity,  several  layers  are  con- 
stituted, having  more  or  less  definite  histological  characters,  ffhen 
correspondence  to  the  stratification  distinguishable  by  the  naked  eye  is, 
however,  somewhat  doubtful.  Differences  exist  between  the  arrangement 
of  the  structural  elements  in  different  parts  of  the  brain.  The  most 
common  type  is  that  which  is  best  seen  in  the  convolutions  of  the  parietal 
lobe.  In  this  most  observers  agree  in  recognising  five  layers  * (fig.  o91 ). 

1 . The  most  external  layer  is  narrow,  about  ^th  of  the  whole  thickness 
of  the  grey  cortex.  It  is  pale,  and  contains  few  cells,  and  those  are  small, 
oval,  pyramidal,  stellate,  with  fine  processes,  and  are  embedded  m a 
granular  material.  A few  nerve  fibres  occur  in  it,  and  have  been  said  to 
be  connected  with  the  nerves  of  the  pia  mater.  Some  observers  have 
described  a network  of  fine  fibres  throughout  the  layer  connected  with 
the  processes  of  its  cells.  On  account  of  the  small  number  of  nervous 
elements  the  connective  tissue  elements  of  the  cortex  can  be  seen  m this 

layer  with  more  distinctness  than  elsewhere.. 

e.  The  next  layer,  of  nearly  the  same  width,  is  composed  of  small 
tliickly-set  nerve  cells,  oval,  angular,  or  pyramidal,  with  branching 

pr°3CCThe  third  layer  is  of  paler  tint  and  much  greater  width.  It  con- 
tains pyramidal  branching  cells,  large  and  small,  arranged  as  above 
described,  with  the  pointed  extremities  towards  the  surface  ot  the  con 
volution,  and  separated  into  groups  by  bundles  of  radiating  - 
The  inner  portion  of  the  layer,  in  which  the  cells  are  lai& 

* The  division  into  five  layers,  described  by  Meynert,  is  substantially  that  of  D . 
Lockart  Clarke  (Proc.  Royal  Soc.,  1803). 
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separation  into  groups  more 
distinct,  has  been  described  as 
a separate  layer  by  Lockhart 
■Clarke. 

Fig.  391. — Section  op  Cerebral 
Convolution  (Meynert). 

1,  Superficial  layer  of  scattered 
corpuscles  ; 2,  dense  layer  of  small 
angular  corpuscles  ; 3,  broader  layer 
of  pyramidal  corpuscles,  separated 
into  columns  by  the  radiating  nerve- 
fibres  ; 4,  narrow  layer  of  small  ir- 
regular corpuscles  ; 5,  layer  of  fusi- 
form and  irregular  cells  in  medullary 
centre. 

4.  The  fourth  layer  is  nar- 
rower, and  contains  many 
small,  irregularly-shaped,  often 
“ granule-like,”  corpuscles, 
round  or  angular,  with  fine 
processes,  placed  irregularly 
and  less  distinctly  separated 
into  groups. 

5.  The  fifth  layer,  of  greater 
width  than  the  last,  is  com- 
posed of  fusiform  and  ir- 
regular cells.  The  fusiform 
corpuscles  have  a definite  ar- 
rangement, being  placed  for 
the  most  part  vertically  at  the 
summit  of  a gyrus,  but  parallel 
to  the  surface  of  a sulcus, 
where  they  correspond  in  di- 
rection to  the  arciform  fibres 
passing  from  one  convolution 
to  another,  with  which  they 
are  said  to  be  connected. 

Beneath  the  last  layer  is 
the  medullary  centre,  with 
which  it  gradually  blends. 
The  fibres  of  the  white  sub- 
stance, as  they  radiate  into 
the  grey  matter,  become  finer, 
in  consequence,  it  is  thought, 
of  dividing  or  branching. 

The  chief  deviations  from 
this  type  are  due  to  varia- 
tions in  the  large  pyramidal 
cells,  which  in  places  lose  their 
characteristic  size  and  distri- 
bution. The  most  conspicuous 
variation  occurs  in  some  parts 
of  the  occipital  region,  especi- 
ally near  the  sulcus  hippo- 
o o 2 
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campi.  There  the  large  pyramidal  cells  are  few  in  number,  and  the 
broad  layer  in  which  they  occur  consequently  changes  its  characters, 
being  split  up  by  layers  containing  few  corpuscles. 

In  the  Sylvian  fissure  the  fusiform  cells  are  more  abundant  than 
elsewhere,  and  from  their  number  in  the  claustrum  (p.  564)  this  layer 
has  been  termed  by  Meynert  the  “ claustral  formation/’  The  cornu 
ammonis  is  formed  almost  exclusively  of  the  large  pyramidal  corpuscles, 
and  the  layer  in  which  these  corpuscles  occur  has,  in  like  manner., 
been  termed  the  “ formation  of  the  cornu  ammonis.” 


Fig.  392. 


A cells  and  structural  elements  from  tlie  inner  part  of  tlie  cortical  substance  of  the 
cerebral  convolutions  ; a,  larger  cells,  chiefly  from  the  middle  grey  layer,  shov  ing  a 

variable  number  of  radiating  processes  ; b,  smaller  cells  from  the  jitnltfaxiffi Wnt 
layer,  in  part  belonging  to  connective  tissue;  c,  a nerve-fibie  vith  its  axis  tilamen 

^B^finrat1 nerve-fibres  from  the  superficial  white  layer  of  the  cortical  substance  of  a 
convolution,  some  showing  the  varicose  condition. 


(B.)  grey  matter  AT  the  bases. — The  grey  matter  of  the  lamina 
cinerea,  tuber  cinereum,  and  posterior  perforated  spot,  appears 
both  in  the  base  of  the  brain  and  in  the  floor  of  the  third  ventricle. 
These  collections  present  many  large  stellate  nerve-cells  containing 
Yellowish  pigment.  From  the  tuber  cinereum  a few  fibres  pass  to  the 
optic  nerves.  The  lamina  cinerea  is  connected  externally  with  the  grey 
matter  of  the  anterior  perforated  spot,  and  from  that  point  a contmui  y 
of  grey  matter  can  be  traced  to  the  swelling  of  the  olfactory  iu  . 

Olfactory  tract  and  bulb.-The  tuber  ol/adonum  (or  grey  root) 
contains  pyramidal  nerve-cells,  similar  to  those  of  the  com  o u io 
but  more  densely  arranged.  The  olfactory  tract,  or  nerve’  c0^  ;.  .’ 
in  its  upper  half,  of  grey  matter,  containing  large  granules,  nuclei, 
and  small  cells,  and  traversed  by  a few  fibres,  continuous  m 
the  middle  root.  The  other  fibres  occupy  the  lower  half  of  the  nerve. 
Olfactory  dull).— The  upper  portion  is  occupied  by  medullated  nbies, 
prolonged  from  the  nerve  'and  separated  into  superficial  and  deeg 
laminae  by  granular  substance,  the  granules  being  large  and  < p 
several Takers.  On  the  under  surface  of  the  bulb  is  a layer  of  non- 
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medullatcd  nerve-fibres,  arranged  in  interlacing  bundles,  which  give 
origin  to  the  filaments  that  pass  from  the  bulb  to  the  nose.  The  grey 
substance  which  lies  between  this  layer  and  the  lower  medullated  layer 
contains  numerous  large  granules  and  small  angulai  and  blanching 
nerve-cells.  The  granules  are  most  abundant  in  the  uppei.  poition, 
where  they  are  arranged  in  flat  groups  ; the  nerve-cells  exist  chiefly 
in  the  lower  part,  contiguous  to  the  gelatinous  nerve-fibres,  which  pro- 
bably arise  from  them.  . 

The  o-rey  matter  of  the  anterior  perforated*  spot  is  continuous 

above  with  that  of  the  corpus  striatum  and  lenticulai  nucleus.  Thus 
also  continuity  is  established  between  the  grey  matter  of  the  surface 
and  that  of  the  interior  of  the  brain.  . 

(C.)  GREY  matter  of  tee  interior. — This  may  be  examined  m 
the  series  of  its  deposits  from  behind  forwards. 

In  the  crura  cerebri,  the  grey  matter  is  collected  into  a dark  mass, 
the  locus  niger,  which  lies  between  the  crust  and  the  tegmentum,  and  is 
also  diffused  among  the  fasciculi  of  the  tegmentum  ; it  extends  through 
the  whole  width  of  the  crus,  and  from  the  anterior  edge  of  the  pons  to 
the  corpora  albicantia,  and  is  continuous  behind  with  the  grey  matter 
-of  the  pons  and  medulla  oblongata.  It  consists  of  nerve-cells,  of  various 
form,  about  TaVoth  of  an  inch  average  diameter,  somewhat  smaller  than 
those  of  the  locus  cceruleus,  and  containing  much  dark  pigment.  In 
the  upper  part  of  each  tegmentum  is  a round  reddish  grey  centre,  the 
nucleus  of  the  tegmentum,  the  red  centre  of  Stilling,  the  superior  olive 
of  Luys,  lying  near  the  side  of  the  third  ventricle.  It  is  due  to  a 
deposit  of  finely  granular  substance,  containing  branching  pigmented 
nerve- cells. 

Corpora  quadrigemina. — In  the  centre  of  each  grey  matter  is  also 
found,  which  is  more  abundant,  although  the  cells  are  smaller,  in  the 
posterior  than  in  the  anterior.  In  the  former,  the  cells  do  not  exceed 
o'oVoth  of  an  inch  diameter,  but  in  the  latter  they  are  fewer,  larger, 
.and  more  distinctly  branched.  The  grey  matter  of  the  corpora  quadri- 
gemina is  continuous  in  front  with  that  of  the  optic  thalamus,  and  behind 
with  that  of  the  pons,  and,  by  means  of  the  nucleus  of  the  roof  of  the 
fourth  ventricle,  with  the  dentate  nuclei  of  the  cerebellum. 

Corpora  geniculata. — Grey  matter  occurs  in  both.  The  inner  con- 
tains numerous  small  nerve-cells  similar  to  those  of  the  corpora  quadri- 
gemina, mingled  with  fibres  which  pass  through  it  from  the  same 
source.  Among  them  are  also  nuclei  lying  in  clear  spherical  spaces. 
The  outer  is  densely  filled  with  large  yellow  branching  and  fusiform 
cells,  and  among  them  pass  the  fibres  of  the  outer  portion  of  the  optic 
•tract,  gathered  in  four  or  six  laminae,  which  alternate  with  thicker 
layers  of  the  cellular  substance. 

The  optic  thalamus  consists  of  grey  matter  which  is  mingled  very 
uniformly  with  the  interlacing  fibres  of  which  it  is  in  great  measure 
composed.  The  cells,  most  abundant  in  the  anterior  tubercle,  are 
large,  stellate,  and  pigmented,  about  -j^u^th  of  an  inch  in  diameter. 
A large  proportion  of  them  are  fusiform,  with  two  processes,  and  there 
are  fewer  small  cells  in  the  thalamus  than  in  the  other  ganglia. 

The  middle  or  grey  commissure,  connecting  the  two  thalami,  consists 
of  small  cells,  densely  massed  together,  and  containing  yellow  pigment. 

The  corpus  striatum  contains  much  grey  matter,  arranged  in  two 
-chief  masses.  One  of  them,  the  intraventricular,  is  seen  in  the  lateral 
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•ventricle  ; the  other,  or  extraventricular,  situated  more  externally  and 
interiorly,  is  hidden  in  the  white  mass  of  the  hemisphere.  It  is  sepa- 
rated from  the  first  by  the  white  substance  of  the  corona  radiata,  which 
appears  on  a horizontal  section  as  a broad  white  band  extending  from 
behind  forward  between  the  two  grey  masses,  and  traversed  by  streaks 
of  grey  matter  passing  from  one  to  the  other.  The  intraventricular  part, 
also  named  the  nucleus  caudatus  (corpus  striatum  proper  of  Ilenle  and 
others)  is  connected  below  with  the  lamina  cinerea,  and  with  that  part 
of  the  grey  matter  t»f  the  optic  thalamus  which  is  seen  in  the  third 
ventricle.  The  extraventricular  part,  named  nucleus  lenticularis,  is 
continuous  below  with  the  caudate  nucleus,  and  with  the  grey  matter 
of  the  anterior  perforated  space.  Striae  of  grey  matter  pass  from  one 
centre  to  the  other.  Between  the  lenticular  nucleus  and  the  island  of 
Reil,  which  lies  opposite  to  it,  there  intervenes  a thin  lamelliform 
deposit  of  grey  matter,  the  clan strum  (Burdach),  nucleus  temurformis 
(Arnold),  which,  in  transverse  section,  is  seen  as  a thin  line. 

The  caudate  nucleus  presents  nerve-cells,  large  and  small,  in  great  abun- 
dance, scattered  among  the  fibres  which  pass  through  it,  and  embedded 
in  a granular  substance  containing  nuclei.  Three  forms  of  cells  have 
been  described, — large  multipolar  cells,  about  inch  in  diameter, 
having  branching  processes,  and  containing  rounded  nuclei  and  pig- 
ment ; similar  but  smaller  cells,  about  half  that  size,  and  small 
elements  like  nuclei,  but  differing  from  the  nuclei  of  the  connective 
tissue.  No  axis-cylinder  process  has  been  distinguished  in  any  of  the 
cells  of  the  corpus  ^striatum.  Peculiar  clear  spherical  areas,  containing 
a large  granule,  a nucleus,  or  a nucleus  surrounded  by  granules,  also- 
occur  in  it  (Henle). 

Of  the  lenticular  nucleus  the  two  inner  zones  (see  p.  549)  contain 
numerous  large  branching  nerve-cells,  yellowish  in  tint,  many  of  them 
surrounded  by  clear  spherical  areas.  The  striation  of  the  outer  zone 
is  due  to  radiating  bundles  of  nerve-fibres  alternating  with  grey  matter 
in  which  are  clear  spaces  containing  granules  and  nuclei,  such  as  are 
found  in  the  corpus  striatum. 

The  clciustrum  contains  scattered  nerve-cells,  most  of  which  contain 
yellow  pigment,  and  which  resemble  in  their  fusiform  shape  and  bipolar 
processes  the  cells  of  the  posterior  vesicular  columns  of  the  spinal  cord. 

Meynert’s  Terminology. — According  to  Professor  Meynert,  of  ^ ienna,  the 
structural  arrangement  of  the  brain  differs  in  many  respects  from  the  descrip- 
tion commonly  given  of  it.  His  terminology  also  differs  from  that  in  ordinary 
use.  The  details  of  the  conclusions  to  which  he  arrives  will  be  found  in  his  article 
on  the  brain,  in  Strieker’s  “ Handbook  of  Histology.” 

He  groups  the  grey  substance  of  the  central  nervous  system  into  foui 
categories. 

1.  The  superficial  g-rey  substance  of  the  cerebral  hemispheres. 

2.  The  grey  substance  of  the  cerebral  ganglia  (corpus  striatum  proper,  lenti- 
cular nucleus,  optic  thalamus,  corpora  quadrigemina,  locus  niger,  &c.). 

3.  The  grey  substance  which  surrounds  the  central  cavities  of  the  biam  and 
spinal  cord.  Commencing  above  at  the  infundibulum,  it  lines  the  fifth  ventricle- 
and  the  aqueduct  of  Sylvius,  extends  through  the  fourth  ventricle,  and  sunoum  s- 

the  canal  of  the  spinal  cord.  _ , 

4.  The  cerebellum  and  its  appendages,  including  the  grey  substance  tiaveise 
by  its  commissural  fibres  in  the  anterior  medullary  velum  and  the  pons. 

If  the  whole  tract  of  nervous  conduction,  from  the  grey  matter  of  the  ceie  ra 
convolutions,  on  the  one  hand,  to  the  peripheral  terminations  of  the  nenes  o 
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seine  and  motion  on  the  other,  be  regarded  as  a whole,  it  is  seen  to  traverse  the 

second  and  third  groups  of  grey  substance,  that  of : the > cerebra 
„ ,,  , , ° These  divide  it  into  three  segments, — an  upper, 

midland1  lower  These  three  segments  are  termed  projection  systems,  since 
middle,  ana  lovrei , xi  e t be  considered  as  being  to  project 

J£  “ SS  convolutions,  and  conversely  the  changes  in 

the  cerebral  convolutions  upon  the  motor  oigans.  . ,, 

. . , . /i3  e T ^ between  tli6  convolutions  cibovG  tin  cl  tlio 

corresponds  for  the  nrosf  pnrf  » 
the  corona  radiata  (Stabki-anz).  h cerebral'ganglia  above  and  the 

tte “ « end  of  the  spinel  cord,  the  fibres  of  this  system  are  of  very  various 

lara!S  projection  system  (P.  S.  III.)  from  the  grey  matter  of  the  central  cavities 
to  the  muscles  and  terminations  of  the  sensory  nerves,  corresponding  neaily  to 

^^hrother  System?'  of  fibres  are  (as  commonly  enumerated)  the  commissural, 
consisting  of  the  corpus  callosum  and  anterior  commissure,  which  unite  ldentica 
regions  of  different  hemispheres,  and  the  association  system  of  fibres  which  unite 

non-identical  regions  of  the  same  hemisphere.  . , , 

In  the  passage  from  P.  S.  I.  to  P.  S.  II.,  which  is  effected  m the  cerebral 
ganriia,  the  fibres  undergo  considerable  reduction  in  number,  the  fibres  of  tfie 
crus° being  much  fewer  than  those  of  the  corona  radiata.  On  the  other  hand,  in 
the  transition  from  P.  S.  II.  to  P.  S.  III.,  in  the  grey  substance  of  the  central 
cavities,  the  fibres  undergo  a great  increase  in  number  : the  peripheral  nerve- 
fibres  being  much  more  numerous  than  those  of  the  crus  or  cord. 

The  division  of  the  fibres  of  the  eras  into  two  portions,  an  anterior  or  lower 
emsta  (Fuss),  and  an  upper  or  posterior  tegmentum  (Haube),  may  be  extender 
to  the  cerebral  ganglia  hi  which  the  fibres  of  each  portion  respectively  terminate 

above.  . . ,, 

The  ganglia  connected  with  the  crasta  are  the  lenticular  nucleus,  the  corpus 

striatum  proper,  and  locus  niger.  They  are  connected  (by  P.  S.  I.)  chiefly  with 
the  anterior  part  of  the  brain,  and  subserve  chiefly  voluntary  motion. 

The  ganglia  of  the  tegmentum  are  the  optic  thalami,  corpora  quadrigemina, 
corpora  geniculata  interna,  corpora  albicantia,  and  subserve  chiefly  reflex 
movements. 

Certain  fibres,  thought  to  be  sensory,  pass  up  from  the  posterior  columns  ot 
the  cord,  and  form  the  posterior  and  outer  fasciculi  of  the  crasta  of  the  crus 
cerebri.  They  pass  through  no  ganglion,  but  ascend  behind  the  optic  thalamus 
to  the  cortex  of  the  temporal  lobes. 

The  cerebellar  grey  substance  is  connected  with  that  of  the  cerebrum  by  two 
groups  of  fibres. 

1.  The  connecting  arm  (Bindearm),  processus  a cerebello  ad  cerebrum,  arises 
from  the  corona  radiata,  and  passes  under  the  thalamus  and  corpora  quadri- 
gemina, to  mix  with  the  fibres  of  the  tegmentum,  and  reach  the  cerebellum 
after  a total  decussation. 

2.  The  size  of  the  crasta  above  the  pons,  is  much  greater  than  that  of  the 
motor  tract  below  ; and  this  is  due  to  the  fact  that  some  of  its  fibres  turn  aside 
in  the  pons  and  reach  the  cerebellum  through  the  middle  peduncle. 

The  union  of  the  cerebellum  with  the  spinal  cord  is  also  double,  through  the 
fasciculus  cuneatus  and  fasciculus  gracilis,  from  the  posterior  column,  and  the 
restiform  body,  from  the  lateral  column. 

The  large  size  of  the  pons  is  due  to  the  interlacement  of  the  arms  of  the  cere- 
bellum with  the  projection  system. 

ORIGIN  OF  THE  CRANIAL  NERVES. 

The  surface  attachments  of  the  cranial  nerves  remain  to  be  described, 
and  it  will  be  convenient  to  recapitulate  at  the  same  time  their  deep 
connections. 
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The  first  or  olfactory  nerve,  or  tract,  is  attached  to  the  under 
surface  of  the  frontal  lobe,  in  front  of  the  anterior  perforated  space, 
by  three  roots,  named  external,  middle,  and  internal. 

The  external  or  long  root  passes  outwards  as  a band  of  white  fibres, 
along  the  anterior  margin  of  the  perforated  space,  towards  the  posterior 
border  of  the  fissure  of  Sylvius,  where  it  disappears.  Its  fibres  have 
been  traced  by 'different  observers  to  the  island  of  Red,  the  optic 
thalamus  (Valentin),  and  to  a nucleus  in  the  substance  of  the  temporo- 
sphenoidal  lobe,  in  front  of  the  anterior  extremity  of  the  hippocampus 
(Rolando,  Luys,  Foville). 

The  middle,  or  grey  root  is  of  pyramidal  shape,  and  consists  of  grey 
matter  on  the  surface  continuous  with  the  adjacent  grey  substance  of 
the  anterior  perforated  space.  Within  it  are  white  fibres,  which  have 
been  said  to  go  to  the  corpus  striatum,  or  to  join  the  fibres  of  the  inner 
root. 


Fig.  393. 
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Fig.  393.  — View  prom 
BELOW  OF  THE  CONNEC- 
TIONS of  the  Principal 
Nerves  with  tue 
Brain  (Allen  Thomson). 

The  full  description  of 
this  figure  will  be  found  at 
page  534.  The  following 
references  apply  to  the 
roots  of  the  nerves. 

I',  the  right  olfactory 
tract  cut  short  and  lying 
in  its  groove  ; II,  the  left 
optic  nerve  in  front  of 
the  commissure,  which  is 
concealed  by  the  pituitary 
body  (b)  ; IF.  The  left 
tract  is  seen  passiug  back 
into  e,  the  external,  and  i, 
the  internal  corpus  geni- 
culatum  ; III,  the  left 
oculo-motor  nerve ; IV, 
the  fourth  or  trochlear 
nerve  ; V,  the-  greater  root 
of  the  fifth  nerve  ; + , the 
lesser  or  motor  root ; on 
the  right  side  this  + is 
placed  on  the  Gasserian 
ganglion ; VI,  the  sixth 
nerve  ; VII  a,  the  facial 
(the  origin  of  which  is 
shown  as  extending  down- 
wards too  far)  ; VII  b,  the 
auditory  nerve  ; VIII,  the 
pneumo-gastric  nerve  ; 
VIII  a,  the  glosso-pharyn- 
geal  ; VIII  b,  the  spinal 
accessory  nerve  ; IX,  the 
hypoglossal  nerve  ; C I, 
the  first  cervical  nerve. 

With  this  fig.  3S5  may 
be  compared. 


The  inner  root,  not  always  distinct,  is  composed  of  white  fibres  from 
the  inner  and  posterior  part  of  the  frontal  lobe.  They  are  said  to  be 
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connected  with  the  gyrus  fornicatus,  or  to  cross  over  to  the  opposite 
side. 

Second  or  optic  nerves.  Each  optic  tract  may  be  traced  backwards 
from  the  commissure,  across  the  crus,  to  the  under  surface  of  the  optic 
thalamus,  at  the  posterior  extremity  of  which  it  ends  by  blending  with 
the  corpora  geniculata.  Its  fibres  may  be  traced  into  the  corpora  gem- 
culata,  the  optic  thalamus,  and  the  anterior  of  the  corpora  quadri- 
gemina. Those  which  enter  the  thalamus  pass,  some  through  the 
corpora  geniculata,  some  beneath  the  inner  corpus  geniculatum,  between 
it  and  the  crus  (as  the  middle  root  of  some  authors)  to  reach  the  cells 
of  the  lower  stratum  of  the  thalamus.  A few  fibres  arise  in  the  base  of 
the  brain,  from  the  lamina  cinerea,  and  from  a collection  of  grey  matter 
on  the  outer  side  of  the  tuber  cinereum. 

Third  or  oculomotor  nerve.  Each  nerve  arises  from  the  inner 
surface  of  the  crus  cerebri,  immediately  in  front  of  the  pons,  by  a 
number  of  fasciculi  which  are  attached  to  the  surface  in  an  oblique  line. 

The  fibres,  diverging,  pass  backward  through  the  substance  of  the  teg- 
mentum of  the  crus,  some  through  the  locus  niger,  some  through  the 
tegmental  nucleus,  to  reach  the  grey  nucleus  in  which  the  majority  of 
them  end.  This  is  a column  of  multipolar  nerve-cells,  beneath  the 
grey  floor  of  the  aqueduct  of  Sylvius,  below  the  corpora  quadrigemina, 
and  extending  beneath  the  upper  part  of  the  fourth  ventricle. 

The  fourth  or  trochlear  nerve,  which  appears  in  the  base  at  the 
outer  side  of  the  crus  cerebri,  arises  from  the  surface  of  the  valve  of 
Vieussens,  immediately  behind  the  corpora  quadrigemina,  and  close  to 
the  middle  line. 

In  the  substance  of  the  valve,  the  fibres  of  each  root  divide  into  three 
groups.  Of  these,  one,  ascending , passes  obliquely  forwards  and  up- 
wards in  the  wall  of  the  aqueduct  of  Sylvius,  to  end  in  the  posterior 
part  of  the  nucleus  beneath  the  corpora  quadrigemina,  the  anterior 
part  of  which  gives  origin  to  the  fibres  of  the  third  nerve.  A second 
group  of  descending  fibres  pass  on  the  outer  side  of  the  locus  cceruleus 
to  the  neighbourhood  of  the  nucleus  of  the  fifth  nerve.  A third  group 
of  decussating  fibres  cross  to  the  other  side,  to  join  the  ascending  or 
descending  fibres  of  the  other  nerve. 

The  fifth  nerve  ( trifacial  or  trigeminal)  arises  from  the  side  of  the 
pons  Varolii,  nearer  to  the  upper  than  to  the  lower  border.  It  consists 
of  two  parts  of  unequal  size,  the  smaller,  motor,  root  being  separated 
from  the  other  by  a few  transverse  fibres  of  the  pons. 

Both  roots  curve  backwards  and  downwards  in  the  substance  of  the 
pons,  towards  the  outer  angle  of  the  floor  of  the  fourth  ventricle,  near 
the  fovea  centralis.  The  fibres  of  the  sensory  root  turn  outwards,  most 
of  them  to  end  in  a collection  of  nerve-cells  on  their  outer  side,  con- 
tinuous below  with  the  grey  tubercle  of  Rolando.  Some  fibres  pass 
mwards  beneath  the  floor  of  the  fourth  ventricle  to  the  middle  line. 
Others  descend  in  front  of  the  nucleus,  to  the  lower  part  of  the  medulla. 
I he  fibres  of  the  small  root  go  to  a group  of  large  multipolar  nerve- 
cells,  to  the  inner  side  of  the  fibres  of  the  nerve,  and  near  the  outer 
angle  of  the  floor  of  the  fourth  ventricle.  The  prolongation  down- 
wards of  this  nucleus  (seen  at  Vm,  in  fig.  359)  extends  to  the  lower 
part  of  the  medulla. 

. ^ie  or  abducent  nerve  arises  from  the  front  of  the  ante- 

rior pyramid,  close  to  the  lower  edge  of  the  pons,  to  which  it  is  some- 
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times  adherent.  Its  fibres  pass  backwards  and  a little  outwards,  to 
reach  the  nucleus  common  to  this  and  the  facial  nerve,  a column  of 
large  multipolar  nerve-cells,  beneath  the  eminentia  teres  in  the  middle 
of  the  floor  of  the  fourth  ventricle.  In  the  inner  part  of  this  nucleus 
most  of  the  fibres  end. 

The  facial  nerve  (porlio  dura  of  the  seventh  pair)  appears  at  the 
lower  border  of  the  pons  Varolii  in  a line  with  the  attachment  of  the 
fifth  nerves.  It  emerges  from  the  medulla  oblongata,  in  the  outer  part 
of  the  depression  between  the  olivary  body  and  the  diverging  restiform 
body  (inferior  peduncle  of  cerebellum),  and  is  often  firmly  adherent,  as 
a flattened  band,  to  the  lower  edge  and  even  for  a short  distance  to  the 
upper  surface  of  the  pons.  On  its  outer  side  is  the  auditory  nerve. 

A separate  fasciculus  of  the  facial  nerve  {intermediate  part)  is  sometimes 
attached  to  both  auditory  and  facial  nerves. 

The  fibres  pass  backwards  and  inwards  through  the  medulla  towards 
the  floor  of  the  fourth  ventricle,  where  many  end  in  the  outer  part  of 
the  common  nucleus,  just  described  as  lying  beneath  the  eminentia  teres 
in  the  middle  of  the  fourth  ventricle.  A considerable  number  of  fibres 
pass  above  the  nucleus  and  turn  round  it,  just  beneath  the  surface  of 
the  ventricular  floor,  to  descend  as  a compact  bundle  on  the  inner  side 
of  the  common  nucleus  ; lower  down  these  fibres  diverge  outwards  and 
forwards  to  the  superior  olivary  body  and  adjacent  lower  part  of  the 
nucleus  of  the  motor  root  of  the  fifth  nerve  (fig.  359). 

The  auditory  nerve  ( portio  mollis  of  the  seventh  pair ) appears  at  ] 
the  lower  edge  of  the  pons  on  the  outer  side  of  and  close  to  the  facial 
nerve.  It  is  also  united  to  the  lower  edge  of  the  pons  opposite  the  i 
inner  side  or  middle  of  the  restiform  body  from  which  it  emerges.  A 1 
large  and  conspicuous  portion  of  the  nerve  curves  outwards  round  the  1 
restiform  body. 

The  fibres  of  the  nerve  divide  into  two  corresponding  bundles,  one  the 
posterior , winds  round  the  restiform  body,  with  which  it  is  connected  by 
some  fibres  of  origin,  to  reach  the  inner  auditory  nucleus,  a large  col- 
lection of  nerve  cells,  in  the  outer  side  of  the  lower  part  of  the  floor  of 
the  fourth  ventricle.  The  other,  or  anterior  division,  passes,  a little 
higher  up,  through  the  substance  of  the  restiform  body  to  end  chiefly  in 
the  outer  auditory  nucleus,  a network  of  cells  and  fibres,  to  the  outer 
side  of  the  inner  nucleus  and  of  this  part  of  the  nerve.  Some  of  its 
fibres  go  to  the  inner  nucleus,  others  pass  with  the  restiform  body  to  the 
cerebellum.  Both  portions  contain  much  grey  matter,  which  on  the 
posterior  part  forms  a pyriform  swelling.  The  trunk  is  also  joined  by 
some  fibres  from  the  striae  medullares. 

The  glosso-pharyngeal  nerve  arises  from  the  side  of  the  medulla 
by  a series  of  five  or  six  roots  attached  in  a vertical  line  to  the  surface 
of  the  restiform  body,  the  highest  being  close  to  the  auditory  nerve. 
The  fibres  pass  backwards  and  inwards,  through  the  medulla,  to  reach  a 
column  of  nerve-cells  placed  deeply  beneath  the  lower  and  outer  part  or 
the  floor  of  the  fourth  ventricle,  between  the  highest  part  of  the  vagal 
nucleus  and  the  lower  part  of  the  internal  auditory  nucleus.  _ 1 

The  pneumogastric  or  vagus  nerve  arises  from  the  side  of  the 
medulla  by  a series  of  twelve  or  more  roots,  which  are  attached  to  the 
restiform  body  in  a vertical  line  below  those  of  the  glosso-pheryngea 
nerve.  The  fibres  pass  backwards  to  a large  group  of  nerve  cells  be- 
neath the  lowest  part  of  the  floor  of  the  fourth  ventricle,  where  they 
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:ause  a prominence  on  the  surface.  At  the  point  of  the  calamus  scrip- 
torius  the  nuclei  are  in  contact  at  the  middle  line,  but  a little  higher 
up  are  separated  by  the  hypoglossal  nuclei.  . 

The  spinal  accessory  nerve  arises  by  a long  series  of  loots,  the^ 
upper  of  which  are  attached  to  the  side  of  the  medulla,  below  those  of 
the  pneumogastric,  while  the  remainder  arise  fi  om  the  cei  vical  poi  tion  of 
the  spinal  cord,  as  low  down  as  the  sixth  or  seventh  pair  of  nerves.  The 
upper  roots  pass  inwards  to  a nucleus  which  lies  on  each  side  at  the  back 
of,  and  close  to,  the  central  canal,  and  is  continuous,  above,  with  the 
nucleus  of  the  pneumogastric  nerve.  The  lower  roots  pass  through  the 
lateral  columns  of  the  cord  to  the  grey  substance  and  curve  forwards 
into  the  anterior  cornu. 

The  hypoglossal  nerve  arises  by  a series  of  fine  roots  attached  to 
the  furrow  between  the  anterior  pyramid  and  the  olivary  body,  d hey 
pass  backwards,  through  the  inner  part  of  the  olivary  body,  to  reach 
their  nucleus,  a long  column  of  nerve  cells,  the  lower  part  of  which  lies 
in  front  of  the  central  canal  on  each  side,  and,  higher  up,  comes  forward 
to  form  a prominence  on  the  floor  of  the  fourth  ventricle,  close  to  the 
middle  line. 

THE  MEMBRANES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  cerebro-spinal  axis  is  protected  by  three  membranes,  named  also 
meninges.  They  are  : — 1.  An  external  fibrous  membrane,  named  the 
dura  mater,  which  closely  lines  the  interior  of  the  skull,  and  forms  a 
loose  sheath  in  the  spinal  canal  ; 2.  An  internal  areolo-vascular  tunic, 
the  pia  mater,  which  accurately  covers  the  brain  and  spinal  cord  ; and 
3.  An  intermediate  membrane,  the  arachnoid,  which  lies  over  the  pia 
mater,  the  two  being  in  some  places  in  close  connection,  in  others 
separated  by  a considerable  space. 

THE  DURA  MATER. 

The  dura  mater  is  a very  strong  dense  inelastic  fibrous  tunic  of  con- 
siderable thickness.  Its  inner  surface,  turned  towards  the  brain  and 
spinal  cord,  is  smooth  and  lined  with  epithelium,  which  has  been 
generally  regarded  as  constituting  a parietal  reflection  of  the  arachnoid 
membrane.  The  space  between  the  dura  mater  and  arachnoid,  formerly 
in  like  manner  regarded  as  the  sac  of  the  arachnoid,  has  been  conve- 
niently termed  the  subdural  space.  The  outer  surface  of  the  dura  mater  is 
connected  with  the  surrounding  parts,  in  a somewhat  different  manner 
in  the  cranium  and  in  the  spinal  canal. 

In  the  cranium  it  adheres  to  the  inner  surface  of  the  bones,  and 
forms  their  internal  periosteum.  The  connection  between  the  two 
depends,  in  a great  measure,  on  blood-vessels  and  small  fibrous  pro- 
cesses, which  pass  from  one  to  the  other  ; and  the  dura  mater,  when 
detached  and  allowed  to  float  in  water,  presents  a flocculent  appearance 
on  its  onter  surface,  in  consequence  of  the  torn  parts  projecting  from 
it.  The  adhesion  between  the  membrane  and  the  bone  is  more  intimate 
opposite  the  sutures,  and  also  at  the  base  of  the  skull,  which  is  uneven, 
and  perforated  by  numerous  foramina,  through  which  the  dura  mater 
is  prolonged  to  the  outer  surface,  being  there  continuous  with  the  peri- 
cranium. The  fibrous  tissue  of  the  dura  mater  becomes  blended  with  the 
areolar  sheath  of  the  nerves  at  the  foramina  which  give  exit  to  them. 
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In  leaving  the  skull,  the  dura  mater  is  intimately  attached  to  the 
margin  of  the  foramen  magnum  ; but  within  the  vertebral  canal  it 
*orms  a loose  sheath  around  the  cord  {theca),  and  is  not  adherent  to 
the  bones,  which  have  an  independent  periosteum.  Towards  the  lower 
end  of  the  canal,  a few  fibrous  slips  proceed  from  the  outer  surface  of 
the  dura  mater  to  be  fixed  to  the  vertebrae.  The  space  intervening 
between  the  Avail  of  the  canal  and  the  dura  mater  is  occupied  by  loose 
fat,  by  watery  areolar  tissue,  and  by  a plexus  of  spinal  veins. 


Fig.  394. 


Fig.  394. — The  Cranium  opened  to  show  the  Falx  of  the  Cerebrum,  and  Tentorium 
of  the  Cerebellum.  (Allen  Thomson.)  ^ 

a,  right  side  of  the  falx  cerebri ; a',  its  anterior  narrow  part  attached  to  the  crista 
galli ; b,  tentorium  cerebelli  of  the  right  side,  united  to  the  base  of  the  falx  cerebri 
from  2 to  3,  in  the  line  of  the  straight  sinus,  and  attached  to  the  superior  border 
of  the  petrous  bone  between  3 and  3'  ; V,  aperture  between  the  right  and  left  divisions 
of  the  tentorium  for  the  isthmus  cerebri ; 1,  1,  the  superior  longitudinal  sinus  ; 2,  2,  the 
inferior  ; 3,  3,  the  lateral  sinus  ; 3,  3',  the  superior  petrosal  sinus  ; 3',  is  close  to  the 
anterior  clinoid  process. 

Opposite  each  intervertebral  foramen  the  dura-matral  theca  presents 
two  openings,  placed  side  by  side,  which  give  passage  to  the  two  roots 
of  the  corresponding  spinal  nerve.  It  is  continued  as  a tubular  pro- 
longation on  the  nerve,  and  is  lost  in  its  sheath.  Besides  this,  it  is 
connected  with  the  circumference  of  the  foramen  by  areolar  tissue. 

The  fibrous"  tissue  of  the  dura  mater,  especially  within  the  skull,  is 
divisible  into  two  distinct  layers,  and  at  various  places  these  layers 
separate  from  each  other  and  leave  intervening  channels,  called  sinuses. 
These  sinuses,  which  have  been  elsewhere  described,  are  canals  for 
venous  blood,  and  are  lined  with  a continuation  of  the  internal  mem- 
brane of  the  veins.  _ _ nil 

The  dura  mater  also  sends  inwards  into  the  cavity  of  the  skull  three 
strong  membranous  processes,  or  partitions,  formed  by  duplication  of  its 
inner  layer.  Of  these,  one  descends  vertically  in  the  median  plane,  ana 
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3 received  into  the  longitudinal  fissure  between  the  two  hemispheies  of 
he  cerebrum  This  is  the  falx  cerebri  The  second  is  an  arched  or 
united  partition,  stretched  across  the  back  part  of  the  skull,  between 
he  cerebrum  and  the  cerebellum  ; it  is  named  the  tentonum  cerebelh. 
3elow  this  another  vertical  partition,  named  falx  cerebelli,  of  small 
atent,  passes  down  between  the  hemispheres  of  the  cerebellum  _ 

The  falx  cerebri  is  narrow  in  front,  where  it  is  fixed  to  the  crista 
ram,  and  broader  behind,  where  it  is  attached  to  the  middle  of  the 
ripper  surface  of  the  tentorium,  along  which  line  of  attachment  the 
straight  sinus  is  situated.  Along  its  upper  convex  border,  which  is 
ittached  above  to  the  middle  line  of  the  inner  surface  of  the  cranium, 
*uns  the  superior  longitudinal  sinus.  Its  undei  edge  is  fiee^  und  lenches 
p within  a short  distance  of  the  corpus  callosum,  approaching  nearer 
o it  behind.  This  border  contains  the  inferior  longitudinal  sinus. 

The  tentorium,  or  tent,  is  elevated  in  the  middle,  and  declines  down- 
rvards  in  all  directions  towards  its  circumference,  thus  conesponding  in 
onn  with  the  upper  surface  of  the  ceiebellum.  Its  inner  boidei  is 
free  and  concave,  and  leaves  in  front  of  it  an  oval  opening,  through 
vhich  the  isthmus  encephali  descends.  It  is  attached  behind  and  at 
lie  sides  by  its  convex  border  to  the  horizontal  part  of  the  crucial 
•idges  of  the  occipital  bone,  and  there  encloses  the  lateral  sinuses. 
Farther  forward  it  is  connected  with  the  upper  edge  of  the  petrous 
portion  of  the  temporal  bone— the  superior  petrosal  sinus  running 
ilong  this  line  of  attachment.  At  the  point  of  the  pars  petrosa,  the 
ixternal  and  internal  borders  meet,  and  may  be  said  to  intersect  each 
)ther — the  former  being  then  continued  inwards  to  the  posterior,  and 
;he  latter  forwards  to  the  anterior  clinoid  process. 

The  falx  cerebelli  (falx  minor)  descends  from  the  middle  of  the 
posterior  border  of  the  tentorium,  with  which  it  is  connected,  along 
the  vertical  ridge  named  the  internal  occipital  crest,  towards  the  fora- 
men magnum,  bifurcating  there  into  two  smaller  folds.  Its  attach- 
ment to  the  bony  ridge  marks  the  course  of  the  posterior  occipital  sinus, 
or  sinuses. 

Structure. — The  dura  mater  consists  of  white  fibrous  and  elastic 
fissue,  arranged  in  bands  and  laminae,  crossing  each  other.  In  the 
spinal  dura  mater  the  bundles  have  a more  nearly  parallel  arrangement. 
A layer  of  pavement  epithelium  exists  upon  its  inner  surface,  which 
was  formerly  regarded  as  belonging  to  the  serous  membrane  lining  it. 
A similar  layer  of  epithelium  also  covers  both  sides  of  the  spinal  dura 
mater.  The  cranial  membrane  is  traversed  by  numerous  blood-vessels 
which  are  chiefly  destined  for  the  bones.  An  extensive  system  of  lymph 
canals  has  been  described,  formed  chiefly  by  the  spaces  between  the 
fibrous  trabecul®,  and  bounded  by  cellular  membranes.  Minute  nervous 
filaments,  derived  from  the  fourth,  fifth,  and  eighth  cranial  nerves,  and 
from  the  sympathetic,  are  described  as  entering  the  dura  mater  of  the 
brain.  Nervous  filaments  have  likewise  been  traced  in  the  dura  mater 
of  the  spinal  column.  (Luschka  and  Rudinger,  quoted  by  Hyrtl.) 

THE  PI  A MATEB. 

The  pia  mater  is  a delicate,  fibrous,  and  highly  vascular  membrane, 
which  immediately  invests  the  brain  and  spinal  cord. 

Upon  the  hemispheres  of  the  brain  it  is  applied  to  the  entire  cortical 
surface  of  the  convolutions,  and  dips  into  all  the  sulci,  which  thus 
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contain  a double  layer.  From  its  internal  surface  numerous  small 
vessels  enter  the  substance  of  the  brain,  and  hence  this  inner  surface 
is  very  flocculent,  and  is  named  tomentum  cerebri  On  the  cerebellum 
a similar  arrangement  exists,  but  the  membrane  is  finer,  and  the 
double  fold  only  distinct  in  the  larger  sulci.  The  pia  mater  is  also 
prolonged  through  the  transverse  fissure  into  the  lateral  ventricles,  and 
there  forms  the  velum  interposition  and  choroid  plexus.  It  is  also 
prolonged  into  the  fourth  ventricle,  where  it  forms  the  choroid  plexus 
of  the  fourth  ventricle. 

On  the  spinal  cord  the  pia  mater  has  a very  different  character  from 
that  which  it  presents  on  the  encephalon,  so  that  it  has  even  been 
described  by  some  as  a different  membrane  under  the  name  neurilemma 
of  the  cord.  It  is  thicker,  tinner,  less  vascular,  and  more  adherent  to 
the  subjacent  nervous  matter : its  greater  strength  is  owing  to  its 
containing  fibrous  tissue,  which  is  arranged  in  longitudinal  shining 
bundles.  A fold  of  this  membrane  dips  down  into  the  anterior  fissure 
of  _ the  cord,  and  serves  to  conduct  blood-vessels  into  that  part.  A 
thinner  process  passes  into  the  greater  part  of  the  posterior  fissure. 
At  the  roots  of  the  nerves,  both  in  the  spine  and  in  the  cranium,  the 
pia  mater  becomes  continuous  with  the  neurilemma. 

_ The  pia  mater  of  the  cord  presents  a conspicuous  fibrous  band,  run- 
ning down  in  front  over  the  anterior  median  fissure.  This  was  Darned 
by  Haller,  linea  splenclens. 

Structure. — -The  pia  mater  consists  of  interlaced  bundles  of  connec- 
tive tissue,  having  a more  regular  arrangement  in  the  outer  and  inner 
layers,  while  in  the  middle  is  a network  of  fine  elastic  fibres.  On  the 
cord  the  outer  fibres  are  for  the  most  part  parallel  and  longitudinal, 
and  the  inner  network  consists  of  peculiar  stiff  fibres  bending  sud- 
denly and  enclosing  angular  interspaces.  Beneath  them  is  a fine  mem- 
brane continuous  with  the  neuroglia  of  the  cord.  On  the  cord 
pigmented  cells  are  sometimes  scattered  among  the  elastic  fibres.  The 
pia  mater  contains  great  numbers  of  blood-vessels,  which  subdivide  in 
it  before  they  enter  the  nervous  substance.  Each  vessel  lies  in  a 
canal,  the  walls  of  which  are  composed  of  a more  dense  arrangement 
of  the  fibres  of  the  membrane  (perivascular  canal).  The  diameter  of 
the  canal  may  be  two  or  three  times  that  of  the  contained  vessel.  A 
similar  sheath,  derived  from  the  pia  mater,  accompanies  the  vessel  into 
the  substance  of  the  brain.  At  its  commencement  it  is  loose  and  funnel- 
shaped  and  can  be  injected  from  the  subarachnoid  cavity.  On  the 
cerebrum  the  inner  layer  of  the  pia  mater  is  adherent  to  the  cortical 
substance  of  the  convolutions,  but  on  the  cerebellum  a space  exists 
between  the  two,  traversed  by  fibres  which  pass  from  the  cerebellum  to 
the  pia  mater.  This  space  is  continuous  with  the  intervals  between  the 
perivascular  sheaths  and  the  brain  substance. 

According  to  Fohmann  and  Arnold,  the  pia  mater  contains  numerous 
lymphatic  vessels.  Purkinje  describes  a retiform  arrangement  of 
nervous  fibrils,  derived,  according  to  Kolliker  and  others,  from  the  sym- 
pathetic, the  third,  sixth,  facial,  pneumogastric,  and  accessory  nerves. 

The  spinal  pia  mater  is  supplied  by  nerves  from  the  sympathetic. 

THE  ARACHNOID  MEMBRANE. 

The  arachnoid  is  a delicate  membrane  which  invests  the  brain  and 
spinal  cord,  outside  the  pia  mater,  and  much  less  closely  than  that  mem- 
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branc.  It  passes  over  the  various  eminences  and  depressions  on  the 
cerebrum  and  cerebellum,  without  dipping  down  into  the  sulci  and 
smaller  fissures.  Beneath  it,  between  it  and  the  pia  mater,  is  a space 
{subarachnoid  space)  in  which  is  a considerable  quantity  of  fluid  (sub- 
arachnoid fluid). 

The  outer  surface  of  the  arachnoid  is  in  contact  with  the  smooth  inner 
•surface  of  the  dura  mater,  the  epithelium  upon  which  has  been  regarded 
as  a parietal  layer  of  the  arachnoid,  closely  united  with  the  dura  mater. 
At  certain  recesses,  and  near  the  longitudinal  sinus,  a small  amount  of 
loose  connective  tissue  beneath  the  epithelium  may  be  distinguished 
from  the  dense  fibres  of  the  dura  mater.  With  this  epithelium  the 
arachnoid  membrane  (or  visceral  layer,  as  it  was  termed)  has  been 
thought  to  be  continuous  at  the  various  foramina,  the  two  thus  con- 
stituting a closed  sac  similar  to  that  of  the  pleura.  But  since  the  inner 
•surface  of  the  dura  mater  in  the  greater  part  of  its  extent  does  not 
present  any  distinct  tissue  which  can  be  regarded  as  an  attached  mem- 
brane, Kolliker,  Henle,  and  others  consider  that  there  is  no  justification 
for  the.  assumption  of  a parietal  layer  of  the  arachnoid.  Moreover 
recent  investigations  into  the  relation  between  the  arachnoid  and  dura 
mater  on  the  nerve  roots  as  they  leave  the  cranio-vertebral  cavity  have 
•shown  that  there  is  no  such  reflection  of  the  arachnoid  on  to  the  dura 
mater  as  had  been  supposed.  (Axel  Key  and  Retzius). 

. TIie  subarachnoid  space  is  wider  and  more  evident  in  some  posi- 
tions than  in  others.  Thus,  in  the  longitudinal  fissure,  the  arachnoid 
does  not  descend  to  the  bottom,  but  passes  across,  immediately  below  the 
edge  of  the  falx,  at  a little  distance  above  the  corpus  callosum.  In  the 
interval  thus  left,  the  arteries  of  the  corpus  callosum  run  backwards 
along  that  body.  At  the  base  of  the  brain  and  in  the  spinal  canal  there 
is  a wide  interval  between  the  arachnoid  and  the  pia  mater.  In  the 
oase  of  the  brain,  this  subarachnoid  space  extends  in  front  over  the 
pons  and  the  interpeduncular  recess  as  far  forwards  as  the  optic  nerves, 
and  behind  it  forms  a considerable  interval  between  the  cerebellum  and 
the  back  of  the  medulla  oblongata.  In  the  spinal  canal  it  surrounds 
the.  cord  being  there  of  considerable  extent.  It  is  occupied,  in  both 
lam  and  cord,  by  trabecuke  and  thin  membranous  extensions  of 
delicate  connective  tissue  connected  on  the  one  hand  with  the  arachnoid, 
wh  JUfi  6 ofche^hthepia  mater.  This  tissue  is  most  abundant 
the  ninrffbSS0  the  fcf0  m®mbranes  is  least.  It  is  dense  in 

their  w^Js  °100d  0 t lG  vessels>  aQd  is  continuous  with  the  tissue  of 

Communicafces  with  the  ventricles  of  the 
lower  nart^f  ?hp°/  Jf  f°T^n  °f  MaSendie,  the  opening  into  the 
tin  5131  Tw  f°firth  VGntnclc’  through  the  membrane  which  closes 
on^each  sideTbpbh-,iiefi  °pemngs  thr0lWh  this  membrane  exist,  one 

into  the  pouch-like  extensionPo'f  1?°^  °f  ^osso-pbjryngeal  nerve 
(Mierzejewsky).  exfceusion  of  the  membrane  beneath  the  flocculus 

brane  and  t hT*d  n n! ^ °f  *s  contained  between  the  arachnoid  mem- 

chief3  part  ^of  Z *"  ta?  been  shown  byMagendie  that  the 

space  in  the  meshes  of  the3kreCutftissue  S “ subarachnoid 

into  antol^anTuosteWn1^”^-^^68  tlle  sPinal  subarachnoid  space 
nto  antenoi  and  posterior  portions.  Magendie  also  pointed  out  the 
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existence  of  a sort  of  septum  (septum  posticim),  dividing  the  subarach- 
noid space  at  the  back  of  the  cord,  the  relations  of  which  have  been 
carefully  studied  by  Axel  Key  and  Rctzius.  It  is  a thin  membranous 
partition,  which  passes  in  the  median  plane  from  the  pia  mater  covering 


dura  mater  ; 10,  posterior  ganglionic  root  ; 11,  smaller  anterior  root ; 12,  section  of  the 
ligament, nm  denticulatum.  This  figure  does  not  show  the  septum  which  posteriorly 
divides  the  subarachnoid  space  into  right  and  left  parts  : this  would  be  placed  between 
the  arachnoid  at  3,  and  the  pia  mater  covering  the  posterior  surface  of  the  cord. 

the  posterior  median  fissure  of  the  cord  to  the  opposite  part  of  the  loose 
portion  of  the  arachnoid  membrane.  It  is  most  perfect  in  the  cervical 
region,  being  incomplete  below,  and  consists  of  numerous  fine  lamella^ 
enclosing  between  them  small  spaces,  within  which  run  the  larger 
blood-vessels.  Trabeculae  connect  the  nerve-roots  with  the  inner  surface 
of  the  arachnoid,  and  in  the  dorsal  region  fine  membranes  extend  be- 
tween the  posterior  nerve-roots  and  the  posterior  septum. 

The  nerves  as  they  pass  from  the  brain  and  spinal  cord  receive  two 
sheaths,  an  outer  from  the  dura  mater,  and  an  inner  from  the  arachnoid. 
Upon  the  optic  nerve  these  sheaths  remain  distinct  and  separate,  so  that 
the  space  which  each  encloses  may  be  injected,  the  outer  from  the  sub- 
dural, the  inner  from  the  subarachnoid  space.  On  the  other  nerves  the 
arachnoidal  sheath  soon  ceases,  and  the  single  sheath  maybe  injected  from 
either  the  subdural  or  subarachnoid  cavity.  Separate  sheaths  surround 
each  bundle  of  the  larger  nerves,  and  the  injection  passes  readily  along 

the  nerves  even  as  far  as  the  limbs.  . 

There  thus  exists  a continuity  between  the  ventricles  ot  the  brain, 
the  subarachnoid  space,  the  perivascular  canals  of  the  ceiebial  sub- 
stance, and  the  perineural  spaces  within  the  nerve  sheaths. 

Structure.— When  examined  under  the  microscope,  the  arachnoid 
is  found  to  consist  of  distinct  riband-like  bundles  of  fine  fibrous  tissue 
interlaced  with  one  another.  The  intervals  between  these  bundles  me 
filled  up  by  delicate  membranes,  composed  of  expanded  cells,  the  nuclei 
of  which  persist  and  are  scattered  over  the  structure.  Several  layeis  of 
this  tissue,  arranged  in  a complex  way,  constitute  the  arachnoid  mem- 
brane The  subarachnoid  trabeculae  consist  of  bundles  of  similar  fiue 
fliluw  fiasnn  each  of  which  is  surrounded  by  a delicate  nucleated 


Fig.  395. 


Fig.  395. — Transverse  Section  of  the  Spinal 
Cord  and  its  Envelopes  (from  Sappey  after 
Hirschfeld  and  Leveille). 


1,  dura  mater  or  tlieca  ; 2,  supposed  parietal 
layer  of  the  arachnoid  membrane  ; 3,  internal  or 
loose  arachnoid  ; 4 and  7,  subarachnoid  cavity  or 
space ; 5,  hinder  part  of  the  anterodateral 
column  ; 6,  subdural  space  between  the  arach- 
noid and  the  dura  mater  ; 8,  supposed  reflection 
of  the  one  fold  of  the  arachnoid  into  the  other  ; 
9,  sheath  Burnished  to  the  spinal  nerve  by  the 
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fifth,  the  facial,  and  accessorius  nerves  ; and  they  have  likewise  been 
followed  by  Luschka. 

Cerebro-spinal  fluid.— This  is  a very  limpid  serous  fluid,  which 
occupies  the  subarachnoid  space.  When  collected  immediately  after 
death,  its  quantity  was  found  by  Magendie  in  the  human  subject  to 
vary  from  two  drachms  to  two  ounces.  It  is  slightly  alkaline,  and  con- 
sists, according  to  an  analysis  by  Lassaigne,  of  08-5  parts’ of  water* 
the  remaining  T5  per  cent,  being  solid  matter,  animal  and  saline  ' In 
experiments  made  on  the  dog,  it  was  found  by  Magendie  to  be  repro 
duced  in  thirty-six  hours,  after  it  had  been  drawn  off  by  puncturing 
the  membranes  at  the  lower  part  of  the  cord.  When  pressure  is  made 
upon  the  brain,  the  quantity  of  fluid  in  the  spinal  subarachnoid  space 
is  increased,  and  conversely,  it  may  be  forced  from  the  spinal  cavitv 
upwards  into  the  cranium.  1 ^ 


Iiigamentum  clenticulatum.— This  is  a narrow  fibrous  band  which 
runs  along  each  side  of  the  spinal  cord  in  the  subarachnoid  space 
between  the  anterior  and  posterior  roots  of  the  nerves,  commencing 
above  at  the  foramen  magnum,  and  reaching  down  to  the  lower 
pom  ed  end  of  the  cord  (fig;  395,  12,  and  fig.  345).  By  its  inner  edge 
this  band  is  connected  with  the  pia  mater  of  the  cord,  while  its  outer 
margin  is  widely  denticulated  ; its  denticulations  are  attached  by 
then  points  to  the  inner  surface  of  the  dura  mater,  and  thus  serve  to 
support  the  cord  along-  the  sides,  and  to  maintain  it  in  the  middle  of 
the  cavity.  The  first  or  highest  denticulation  is  fixed  opposite  the 
margin  of  the  foramen  magnum,  between  the  vertebral  artery  and  the 
hypoglossal  nerve ; the  others  follow  in  order,  alternating  with  the 
successive  pairs  of  spinal  nerves.  In  all,  there  are  about  twlnty-two 
of  these  points  of  insertion.  The  denticulations  in  the  lower  cervical 
region  are  very  long,  and  ascend  slightly  to  their  attachments  At  the 
lowei  end,  the  ligamentum  denticulatum  may  be  regarded  as  ennfim  i 
into  the  terminal  filament  of  the  spinal  coixl  whiehVw ,fc\ll®d 
the  dura  mater  at  the  lower  end  of  the  sheath.  The  free  edge  in  the 
intervals  between  the  denticulations,  is  slightly  thickened  and  ’ j?  n 
body,  is  closely  applied  to  the  inner  surface  of  the  nrn  l S -A  n,  fch,e 
it  is  often  directly  connected  by  fine whl? 

not  perforate  the  arachnoid  but  receive  from  it  funnel-sha ped1wid° 

**  -ny  ex- 

cells,  and  here  ST*  °f  dTelicate  bleated 

on  the  one  hand  with  the  fibrous  tissue  of^lh^'  Ifc, 1S  confclnuous 
other  with  that  of  the  dura  mater.  " * th  Pla  mafcer>  aud  011  the 

in  the  vicinity  oTthelon^Sinal^  exfcernal  surface  of  the  dura  mater, 
looking  elevations,  generally  mil  &Je  S<jGU nilmei'ous  small  pulpy 

Pacchioni.  The^CS&rfSS.  1^°  Clusters’  named 
which  receive  these  prominences  SimfilrT111 1S  marked  bP  llttIe  Pifcs> 
internal  surface  of  the  dura  mater  l!?  excrescences  are  seen  on  the 
of  the  longitudinal  sinus  and  nw/  ad.uP°.n  pia  mater  on  each  side 

sinus.  Occasionally  they  a e A Wtm?1mto. the  inte™  of  that 
vol.  ir.  J ' e lound  also  m other  situations. 


576 


VESSELS  OF  BRAIN  AND  CORD. 


On  a careful  examination  of  the  connections  of  these  bodies  it  will  be 
found  that  the  elevations  found  on  the  outer  surface  of  the  dura  mater 
and  within  the  longitudinal  sinus,  in  no  instance  take  origin  in  those 
positions,  but  that  they  are  grape-like  bodies  which  are  attached  more 
deeply,  and  in  their  growth  have  perforated  the  dura  mater.  Their  pre- 
cise origin  and  nature  were  long  the  subject  of  conflicting  opinions,  but 
it  has  been  satisfactorily  shown  by  Luschka  that  they  are  only  an  en- 
larged condition  of  normal  villi  of  the  arachnoid,  and  that  no  other 
structure  is  involved  in  their  formation.  On  each  side  of  the  sinus,  and 
communicating  with  it,  are  large  venous  spaces  in  the  dura  mater  ; into 
these  the  villi  project  even  in  new-born  animals,  and  those  which  per- 
forate the  dura  mater  and  appear  on  the  surface  have  their  inner  parts 
in  such  spaces.  Each  villus  is  covered  by  an  epitheliated  membrane, 
continuous  with  the  arachnoid.  Outside  this  is  another  fine  membranous 
sheath,  proceeding  from  the  dura  mater,  and  the  interval  between  the 
two  is  continuous  with  the  subdural  space.  Within  the  villus  is  a 
spongy  trabecular  tissue,  continuous  with  the  subarachnoid  tissue,  and 
of  similar  structure.  (Luschka,  in  Muller’s  Archiv.  1852;  and  “Die 
Adergeflechte  des  Menschlichen  Gehirns,”  1855.  See  also  Cleland  “ On 
Tumours  of  the  Dura  Mater,  &c.”  in  the  Glasgow  Medical  Journal, 
1863.  Axel  Key  and  Retzius,  Nordiskt  Med.  Arkiv.  1870 — 1874,  and 
Virchow’s  Jahresbericht.) 


BLOOD-VESSELS  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  origin  and  course  of  these  vessels  have  already  been  described 
in  the  Section  Angeiology.  In  passing  to  their  distribution  the  several 
arteries,  having  passed  across  the  arachnoid  cavity,  enter  the  sub- 
arachnoid space  and  then  divide  and  subdivide  into  branches,  which,  m 
their  farther  ramification  in  the  nervous  centres,  are  supported  by  the 
pia  mater,  and,  it  may  be  remarked,  are  more  deeply  placed  m the 
various  fissures  and  sulci  than  the  small  veins,  which  do  not  accompany 
the  arteries,  but  pursue  a different  course  and  are  seen  upon  the  surface 


of  the  pia  mater.  „ , 

Moreover,  it  is  to  be  observed  that,  whilst  the  mam  branches  of  the 
arteries  are  situated  at  the  base  of  the  brain,  the  principal  veins  tend 
towards  the  upper  surface  of  the  hemispheres,  where  they  entei  the 
superior  and  inferior  longitudinal  sinuses  : the  veins  of  Galen,  how- 
ever, coming  from  the  lateral  ventricles  and  choroid  plexuses,  run  back- 
wards to  the  straight  sinus. 


BLOOD  SUPPLY  OP  THE  BRAIN. 

It  may  be  convenient  here  to  recapitulate  the  sources  of  the  blood-supply  to 

the  several  parts  of  the  encephalon.  , . 

The  medulla  oblongata  and  Pons  Varolii  are  supplied  by  branches  fiam 
the  anterior  spinals,  the  vertebrals,  the  basilar  and  the  posterior  cei  • . - 

branches  enter  the  pons  and  medulla  in  two  sets,  lateral  or  radicular,  an  m , 

the  latter  passing  in  the  septum  to  the  grey  matter  on  the  upper  sur  ace. 

Cerebellum.— The  under  surface  is  supplied  by  the  posterior  mferioi  cere- 
bellar  arteries  from  the  vertebrals,  and  the  anterior  inferior  fioin  e • 

The  upper  surface  is  supplied  chiefly  by  the  superior  cerebellar  arteries  10m 

basilar  • its  posterior  portion  from  the  posterior  inferior  cerebellar.  . f l 

CefebrSn f-ConJlutiem,  outer  outface,  frontal  lok.-lhe  s»P« nor  frontal 
and  anterior  two-thirds  of  the  middle  frontal  convolution,  with  tie  upl  - 
of  the  ascending  frontal,  are  supplied  by  the  anterior  cerebral.  The 
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inferior  frontal  convolution,  the  posterior  extremity  of  the  middle  frontal  and 
the  greater  part  of  the  ascending’  frontal  convolutions  are  supplied  by  the 
middle  cerebral.  The  orbital  surface  is  supplied,  outside  the  orbital  sulcus,  by 
the  middle  cerebral : within  that  sulcus  (including  the  olfactory  bulb)  by  'the 
anterior  cerebral. 

Parietal  lobe. — All  the  convolutions  of  the  parietal  lobe  are  supplied  by  the 
middle  cerebral  artery. 

The  occipital  lobe  is  supplied  by  the  posterior  cerebral  artery. 

Temporo-sphenoidal  lobe. — The  superior,  and  upper  part  of  the  middle  temporo- 
sphenoidal  convolutions  are  supplied  by  the  middle  cerebral  artery.  The  lower 
portion  of  the  lobe  by  the  posterior  cerebral. 

Inner  surface—  The  whole  anterior  and  upper  portion,  as  far  back  as  the 
parieto-occipital  fissure,  is  supplied  by  the  anterior  cerebral  artery  ; the  cuneate 
lobule  and  the  occipito-temporal  region  by  the  posterior  cerebral. 

The  grey  substance  at  the  base  of  the  cerebrum  is  supplied  by  small  twms 
from  the  adjacent  vessels  of  the  circle  of  Willis,  or  the  commencing  cerebral 
vessels. 


Central  parts  corpus  striatum. — Both  nucleus  caudatus  and  nucleus  lenticu- 
lans  are  supplied  almost  exclusively  by  the  middle  cerebral  artery.  The  anterior 
part  of  the  caudate  nucleus  only  being  supplied  by  the  anterior  cerebral. 

I he  optic  thalamus  is  supplied  by  the  posterior  cerebral  artery,  except  its  inner 
and  outer  portion,  which  is  supplied  by  the  middle  cerebral. 

The,  corpora  quadrigemina  and  corpora  geniculata  are  both  supplied  by  the 
posterior  cerebral  artery.  J 

For  further  details  on  the  subject  the  reader  is  referred  to  Yol.  I p 378  and 
18  71  series  °f  arfclcles  b?  M-  Duret  in  the  Archives  de  Physiologic  foi-  1S73  and 


SIZE  AND  WEIGHT  OF  THE  ENCEPHALON. 

. follo^m«  table>  illustrating  the  average  weight  of  the  adult  male  and 

emale  brain,  the  results  obtained  by  Sims,  Clendinning  Tiedemann  and  T 
have  been  brought  together  iu  such  a form  as  to  eJhibfcto  the  S 

o^M^c^^ience/’ ^April,  ^ Montb5 

According  to  Table  A,  the  maximum  weight  of  the  odnlf  , • 

•senes  of  278  oases,  was  65  oz.,  and  the  minimum  weight  34  oz  Tn  ram.’  111  a 

adult  male  and  female  bn  in « * d , ^Prevailing  weights  of  the 

and,  by  takino-  the  mean  ™ 7 thereforebe.said  to  range  between  those  terms  ; 

ando/44  oz  for  th?  femat  1S*fUCed  °f  ^ oz.  for  the  male’, 

statements  generally  received  ’ esults  wlucl1  correspond  closely  with  the 

generalfact  SoSy  sho™"  Slh  parti,!nlar  m“le  ta**,  U>e 

that  of  the  female,-— the^veriJ  the  adut  male  encephalon  is  heavier  than 

superiority  in  absolute  weight  of  Dip  eie1nCe  be“if  fJom  5 to  6 oz.  This  general 
tained  to  exist  at  every  period  of  rr  "'f6  0ver  tie  female  brain  has  been  ascer- 
by  Tiedemann  to  weigh  on  an  % In  ne'Jv"bom  infants  the  brain  was  found 

10  oz.  to  13|-  oz.  in  the  female  ■—  ff°^  °Z‘ t0  16*  0Z’  in  the  male,  and  from 
midwifery,  for  it  has  been  shown  thrt  d°ffl  co,^dfable  Merest  in  practical 
largest  number  in  the  birth  of  dlfficuIt  labours  occur  m by  far  the 

Monthly  Journal  of  Medical  Science  134  ”n*  (SunP8°n,  Londou  aud  Edinburgh, 
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A.  Table  of  the  Average  Weight  of  the  Male  and  Female  Brain. 


Males,  aged  21  years  and  upwards. 

h 

Number  of  brains 

A 

£ 

at  each  weight  j 

a 

ci 

observed  bv 

Classification 

§.» 

into  three 
groups 

be 

p 

'9 

g bo 

< 

.3  g* 

jj 

gs 

to  show  the 
prevailing 

# 

•Si 

.3 

a 

p 

weight. 

r 

& 

p 

0 

1 

0 

0 

• r-t 

7} 

+-» 

0 

1 

F 

0 

m 

E-i 

K 

H 

11 

34 

— 
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1 

1 y 

|j' 

37 

— 
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— 

— 

2 

38 

1 

— 

— 

— 

1 

+ 

39 

— 

3 

— 

1 

4 

m ( from  4 

Hi 

40 

41 



2 

3 

1 

2 

3 

5 

m 5 34  OZ. 

^si  to 

O 1 

- p h 

p | ; 

42 

2 

4 

2 

— 

s 

g V.  45  oz.  J 

43 

— 

6 

2 

3 

11 

£ 1 

44 

1 

6 

2 

3 

12 

45 

6 

S 

— 

1 

15  J 

46 

2 

10 

— 

s 

20  > 

47 

2 

6 

— 

10 

18 

m c hom 

48 

4 

S 

2 

11 

25 

O 

49 

3 

2 

2 

12 

19 

_ K i 46  OZ. 

1 S i 

5° 

4 

4 

5 

13 

26 

Si  to 

51 

3 

3 

2 

19 

27 

pi  S3  oz. 

1(5  - 

52 

— 

5 

4 

6 

15 

1 — 1 

5 

53 

4 

2 

4 

10 

20  , 

54 

3 

2 

1 

5 

11 

55 

— 

— 

2 

4 

6 

56 

— 

— 

1 

6 

7 

. . from 

r-< 

57 

— 

— 

2 

2 

1 0 ■ 

58 

— 

1 

4 

2 

7 

1 ( 54  oz< 

) P 

59 

60 

z 

1 

2 

3 

1 

6 

1 

y?A  to 
o(  65°z- 

/ ° 
Eli 
7 W ! 
S i 

61 

— 

— 

2 

1 

3 

rjl 

62 

— 

— 

1 

— 

1 

63 

— 

— 

— 

1 

1 

65 

— 

— 

1 

— 

! 1 

; 

Tot.  35  + 78+39+126  = 

= 278. 

Femai.es,  aged  21  years  and  upwards. 


Number  of  brains 
at  each  weight 
observed  by 

._A_. 


With  the  above  results  the  observations  of  Peacock,  published  m the  1 Month  y 
Journ.  of  Med.  Science  ” for  1847,  and  further  observations  by  the  same  author 
in  the  “ Joum.  of  the  Pathol.  Soc.”  in  1860,  in  the  main  agree.  ir 

The  elaborate  table  compiled  by  Rudolph  Wagner,  and  publishe  m n&  or 
studien  zu  einer  wissensch.  Morphol.  und  Physiol,  des  Mensch  . Te  nris,  1 a , 
containing  964  recorded  cases  in  which  the  weight  of  the  brain .had  been  asem- 
tained,  may  also  be  referred  to  as  another  recent  useful  contribution  to  the 

^In  illustration1  of  the  variation  in  the  average  weight  of  the  brain  at  different 
ages  Table  B.  is  given,  deduced  from  the  elaborate  researches  of  Dr.  Robert 
Boyd,  in  the  examination  of  the  brains  of  2,086  sane  persons  o o . 
dying  in  the  St.  Marylebone  Infirmary,  and  published  m the  Philos.  Ti an., 
for  1860.  Tlie  weights  are  stated  in  oz.  avoird.  and  decimal  fractions  of  them. 

Anatomists  have  differed  considerably  in  their  statements  as  o e peno 
which  the  brain  attains  its  full  size,  and  also  as  to  the  effect  of  old  age  m 
diminishing  the  weight  of  this  organ.  Soemmerring  held  that  the  bram  reache 
Rs  fSl  size  as  early  as  the  third  year  ; the  Wenzels  and  Sir  W.  Hamilton  fixed 
the  period  about  the  seventh,  and  Tiedemann  between  the  seventh  and l eight 
vears  Gall  and  Spurzlieim  were  of  opinion  that  the  bram  con  nmet  » 
until  "the  fortieth  year-.  The  observations  of  Sims,  Tiedemann,  and  Reid,  appear 
rthow  tia?in  both  sexes  the  weight  of  the  brain  in  general 
un  to  the  seventh  year,  then  more  slowly  to  between  sixteen  and  Y'  .. 

££  m^siowlyto  between  thirty-one  and  forty,  at 
maximum  point.  Beyond  that  period  there  appears  a slow  but  p 0 
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nution  in  weight,  amounting  to  about  1 oz.,  during  each  subsequent  decennial 
period  ; thus  confirming  the  opinion  that  the  brain  diminishes  in  advanced  life 
According  to  Peacock,  the  maximum  weight  of  the  brain  is  attained  between 
the  ages  of  twenty  and  thirty  years.  The  table  of  Boyd  inserted  below  would 
appear  to  show  a somewhat  earlier  period  as  that  at  which  the  maximum  is 
reached  in  both  sexes,  and  that  the  period  of  decline  scarcely  begins  before  sixty 
years.  With  this  result  the  observations  of  Huschke,  made  upon  the  brains  of 
359  men  and  245  women,  in  general  agree.  (“  Schiidel,  Him,  und  Seele  des 
Menschen  und  der  Thiere,  &c.,”  1854.) 


B.  Table  of  the  Weight  of  the  Brain  of  Males  and  Females  at  different  Ages. 


I 

Periods  of  Life. 

Males. 

Females. 

O x 

af, 

% 

s' 

p 

a 

1 

CO 

s 

i 

a 

1 

O 

bo 

ci 

> 

O 

2 

s 

> 

j <J 

a 

p 

a 

I 

n 

I 

J 

A 

s.-a 

P <3 
55  £ 

1 Children  prematurely  still- 

born   

2 Children  still-bom  at  full 

period 

3 New-born  infants  . . 

4 Under  3 months. . 

5 From  3 to  6 months  . . 

6 Prom  6 to  12  months  . 

7 Prom  1 to  2 years  . . 

8 From  2 to  4 years 

9 From  4 to  7 years  . . 

10  From  7 to  14  years. . . 

11  From  14  to  20  years ... . 

12  From  20  to  30  years 

13  From  30  to  40  years  . 

14  From  40  to  50  years  . 

15  From  50  to  60  years  . 

1(5  From  60  to  70  years 

17  From  70  to  80  years 
13  Upwards  of  80  years  . 

25 

43 

42 

16 

i5 

46 

34 

29 

27 

22 

19 

59 

no 

137 

119 

127 

104 

24 

13.1 

22. 

lih37 

32.75 

30.75 
36.13 

41.25 

50.5 

49.5 

57.25 

55.5 
57. 

60.75 
60. 

59. 

59.5 

55.25 

53.75 

1 

1.31 

9.37 

6. 

10.5 

10.75 

17.75 

23.25 

30.5 

24.5 

39.25 

86.5 

39.25 

33.75 

33.75 

30.5 

36.25 

37. 75 
4L 

5.6 

13.S7 

11.65 

17.42 
21.29 

27.42 
33.25 
38.71 
40.23 
45.96 

4S.54 

47.9 

48.2 

47.75 

47.44 

46.4 

45.5 
45.34 

4.62 

12.25 

10. 

15.94 
19.76 

25.7 
29.  S 
34.97 

40.11 
40. 7S 

43.94 

48.7 
43.09 
42.S1 

43.12 
42.69 

41.27 

39.77 

1.29 

S. 

1.75 

11. 

13. 

16.37 

IS. 

27.75 

34.75 
“• 

37.5 

35.75 

33.25 

27.5 

36.25 

32.5 

29.25 

33.25 

9.13 

15.12 
16. 

32.5 
34.75 

39.13 
37. 

44.5 

45.25 
52. 

52. 

55.25 

53. 

52.5 

52.5 

54. 

49.5 
48. 

18 

! 31 
; 39 

1 20 
25 

40 

33 

29 

19 

18 

16 

72 

89 

106 

103 

149 

148 

77 

05 

persons  above  14  years  .... 
| j Persons  fronf  14  to  70  years 

699 

57i 

58. 

59.12  ; 

| 

36.1  j 47.1 
35.  j 47.7  ! 

42.5 

43.15 

33.1 
33  S 

52.1 

53.15 

760 

53S 

OOCIU-  m which  this  rule  is  not  applicable^  The  toato  rf,°U°h  lnst!lnces 

of  64  oz.,  and  there  are  nfbev  i ’ 1 , bra„m  Cuvier  weighed  upwards 

great  talent  which  nearly  equalled  if  . exa™p*®s  of  brains  belonging  to  men  of 
autopsie  de  M.  G.  Cuvier  ” wSte  • (S  Q Rousseau’  “ Maladie  et 

the  brain  in  idiots t 18320  °n  the  other  ^nd, 
forty,  and  fifty  idiots,  whose  ages  were  sixteen, 

be  19f  oz.,  25J  oz.,  and  t*  W61ght,0f  their  resP^ive  brains  to 

twelve  years  old.  whose  brain’  ^ j records  tbe  case  of  a female  idiot 
brain  of  a dwarfish  S 5x^3  d 2?  °Z' ^ Th°mson  found  the 
servation  in  alcohol.  & snteen  years  of  age  to  weigh  18 J oz.  after  pre- 

The  human  brain  is  found  to  in-,  , 

animals  except  the  elephant  u e^  heavier  than  that  of  all  the  lower 

to  Perrault,  Moulins,  and  Sir  A r ^ la  6’  ^ie  braan  °f  the  elephant,  according 

that  of  the  whale  was  found  bv  Pn^  u —lghS  betTeen  8 and  10  lbs. : whilst 

upwards  of  6 lbs.  1 olPbb  111  a specimen  75  feet  long,  to  weigh 

The  relative  weight  of  the  enceoh  7 

nevertheless,  the  facts 'to  be  euthmvJ ft  ™ lo<hj  is  liable  to  greafc  variation  ; 

gl  from  the  tables  of  Clend  inning,  Tiedemann, 
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and  Reid,  furnish  this  interesting  general  result.  In  a series  of  81  males,  the 
average  proportion  between  the  weight  of  the  brain  and  that  of  the  body  at 
the  ages  of  twenty  years  and  upwards,  was  found  to  be  as  1 to  86*5  ; and 
in  a series  of  82  females,  to  be  as  1 to  86'46.  In  these  cases  the  deaths  were 
the  result  of  more  or  less  prolonged  disease  ; but  in  six  previously  healthy 
males,  who  died  suddenly  from  disease  or  accident,  the  average  proportion  was. 
1 to  40-8. 


The  proportionate  weight  of  the  brain  to  that  of  the  body  is  much  greater  at 
birth  than  at  any  other  period  of  life,  being,  according  to  Tiedemann,  about  1 to 
5‘85  in  the  male,  and  about  1 to  6'5  in  the  female.  From  the  obseiwations  already 
referred  to,  it  further  appears  that  the  proportion  diminishes  gradually  up  to 
the  tenth  year,  being  then  about  1 to  14.  From  the  tenth  to  the  twentieth 
year,  the  relative  increase  of  the  body  is  most  striking,  the  ratio  of  the  two 
being  at  the  end  of  that  period  about  1 to  30.  After  the  twentieth  year,  the 
general  average  of  1 to  36-5  prevails,  with  a further  trifling  decrease  in  ad- 
vanced life. 

Viewed  in  relation  to  the  weight  of  his  body,  the  brain  of  man  may  be  stated 
generally  to  be  heavier  than  the  brains  of  the  lower  animals  ; but  there  are 
some  exceptions  to  the  rule,  as  in  the  case  of  certain  species  of  small  birds,  in 
the  smaller  apes,  and  in  some  small  rodent  animals. 

The  attempts  hitherto  made  to  measure  or  estimate  the  relative  proportions 
of  the  different  convoluted  parts  of  the  cerebrum  to  each  other  and  to  the 
degree  of  intelligence,  either  more  directly  or  by  the  cranioscopic  methods,  have 
been  attended  with  little  success.  The  more  recent  researches  of  Rudolph 
Wagner,  which  have  been  farther  prosecuted  by  his  son,  hold  out  some  promise, 
when  fully  carried  out,  to  afford  more  definite  results. 

These  researches  had  for  their  object  to  institute  an  accurate  comparison  be- 
tween the  brains  of  certain  persons  of  known  intelligence,  cultivation,  and 
mental  power,  and  those  of  persons  of  an  ordinary  or  lower  grade.  As  exam- 
ples of  brains  of  men  of  superior  intellect,  he  selected  those  of  Professor  Gauss, 
a well-known  mathematician  of  eminence,  and  Professor  Fuchs,  a clinical 
teacher  ; and  as  examples  of  brains  of  ordinary  persons,  those  of  a woman  of 
29  and  a workman  named  Krebs,  all  of  which  he  examined  and  measured  with 
scrupulous  care. 

The  general  result  of  R.  Wagner's  researches  upon  these  and  other  brains  may 
be  stated  to  be  as  follows.  1st.  Although  the  greatest  number  of  brains  belong- 
ing to  men  of  superior  intellect  are  found  to  be  heaviest  or  largest,  yet  there 
are  so  many  instances  in  which  the  brains  of  such  persons  have  not  surpasse  , 
or  have  even  fallen  below  the  average  size  of  the  brains  of  ordinary  persons, 
that  superiority  of  size  cannot  in  the  present  state  of  our  knowledge  be  regai  et 
as  a constant  accompaniment  of  superiority  of  intellect,  even  when  due  regar 
has  been  paid  to  the  comparative  stature  and  other  circumstances  ot  the  in- 


dividuals. . , 

2nd.  It  would  appear  that,  in  the  brains  of  certain  persons  of  superior  intellect, 
the  cerebral  convolutions  have  been  found  more  numerous  and  more  deeply 
divided  than  in  those  of  persons  of  ordinary  mental  endowments  and  without 
cultivation.  But  numerous  exceptional  instances  are  also  found  ot  paucity  ot 
convolutions  coincident  with  superior  intellect,  which  make  it  impossible  at 
present  to  deduce  any  certain  conclusion  with  respect  to  the  relation  between 
the  number  or  extent  of  the  convolutions  and  the  .intellectual  manifestations 
in  different  persons. 

The  careful  measurement  of  all  the  convolutions  and  the  intervening  grooves 
in  the  four  brains  above  mentioned  has  been  carried  out  by  the  younger  Wagner, 
and  the  tables  and  results  of  these  measurements  published  by  him  as  an 
appendix  to  his  father’s  treatise.  (Hermann  Wagner,  “ Maasbestimmungen  dei 
Oberflache  des  Grossen  Gehirns,”  &o.,  Cassel  und  Gottingen,  1864.)  . 

The  following  short  table  extracted  from  Hermann  Wagners  memoir,  a 
simplified  by  the  omission  of  small  fractions  and  by  the  reduction  of  the •mea- 
surements from  square  millimetres  to  English  square  inches,  may  give  the 
some  idea  of  the  nature  of  the  inquiry. 
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Comparative  measurement  of  the  extent  of  surface  of  the  Convolutions  of  the 

Cerebrum  and  its  lobes. 


Surface  of  each  lobe  separately. 

Free  and  deep 
surfaces  of  Cerebrum. 

Whole 

surfaco 

of 

Cerebrum. 

Frontal. 

Parietal. 

Occipital. 

Temporal. 

Free 

surface. 

Deep  or 
covered 
surface. 

1.  Gauss 

139. 

70.6 

59.4 

6S.4 

112.8 

228.2 

341. 

2.  Fuchs 

143.4 

09. 5 

59. 

67.5 

110.7 

231.3 

342. 

3.  Woman  .... 

130. 

65. 

51. 

66.  S 

107.5 

209.9 

317.5 

4.  Workman  . . | 

113.2 

62.3 

50.5 

62. 

97.4 

193.6 

291. 

WEIGHT  OE  'THE  SEVERAL  PARTS  OF  THE  ENCEPHALON. 

As^  the  result  of  observations  made  in  reference  to  this  subject,  on  the  brains 
of  53.  males  and  34  females,  between  the  ages  of  twenty-five  and  fifty-five,  Dr. 
J.  Reid  has  given  the  following  table  : — 


Average  weight  of  cerebrum 

,,  cerebellum 

„ pons  and  medulla  oblongata 

>)  entire  encephalon  . . 


Males. 

Females. 

Difference 

OZ. 

drs. 

0 z. 

drs. 

oz. 

drs. 

43 

15f 

38 

12 

5 

3f 

5 

4 

4 

12* 

0 

ri 

0 

16* 

1 

01 

0 

Off 

50 

44 

8-<r 

5 

li 

\\  ith  these  results  the  observations  of  Huschke,  derived  from  a special  ex- 
amination of  the  brains  of  22  females  and  38  males,  mainly  agree. 

From  this  it  appears,  that  the  proportionate  weight  of  the  cerebellum  to 
that  ot  the  cerebrum  is,  in  the  male,  as  one  to  8f,  and  in  the  female,  as  1 to  8^-. 
ihe  cerebellum  attains  its  maximum  weight  from  the  twenty-fifth  to  the 
lortieth  year  ; but  the  increase  in  weight  after  the  fourteenth  year  is  shown  to 
ye  relatively  greater  m the  female  than  in  the  male.  The  whole  cerebellum  apart 
iiom  the  pons  and  medulla  is  heavier  in  the  male  ; the  lateral  lobes  of  the 
cerebellum  are  also  heavier  in  the  male.  In  the  male  the  vermiform  process 
increases  gradually  from  the  twentieth  to  the  fiftieth  year ; in  the  female  it 

rapidlyS  Statl0nary  durmg  that  Period>  and  after  the  fiftieth  year  diminishes 

the^lT'b°m  h!^nt  thG  rati0  of  the  weiSbt  of  the  cerebellum  to  that  of 
accorcUnl Oh  “ Afferent  from  that  observed  in  the  adult,  being, 

to  be  1 to  n STv  t0  13  and  1 t0  26  ! b?  Cruveilhier  it  wa^  found 

and  pons  too-ethev! w?  f°Und  ?16  w®lgbt  of  the  cerebellum,  medulla  oblongata, 
to  bePin  the°m-n  r th<i  few‘born  mfant,  as  compared  with  that  of  the  brain, 
l to 7 ^nd  ltoP6  t0  15’  ^ 1 t0  13‘  In  the  adult  tbe  Prions  were 

cerebruuf  than  it cerebellum  is  found  to  be  heavier  in  proportion  to  the 
is  larger  in  proportion  to  theTerebeRum^  5 “ °thei‘  W°rd3’ the  cerebram  in  man 

nerves  TOni^ter^tM^^mln^h  ^ 1faia  is  larger>  in  Proportion  to  the 
A comparison  o7toe  wiK  to  ^ ^ tbe  anbnals- 
shows  that  the  proportionate  c+eieb^mn  Wltb  that  of  the  medulla  oblongata 
longata  is  greatS  L mTn °f  the  bl'ain  to  that  of  tbe  medulla  ol> 
creature,  however  it  must  be  m a?y  a?lmab  ex°ept  the  dolphin,  in  which 

proportionate  lateral  de^pm^^^  & diS‘ 

pment.  The  width  of  the  cerebrum  in  man,  as 
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compared  with  that  of  the  medulla  oblongata  at  its  base  or  broadest  part,  is 
about  7 to  1,  while  in  many  quadrupeds  it  is  as  3 to  1 or  even  as  2 to  1. 

WEIGHT  OF  THE  SPINAL  CORD. 

Divested  of  its  membranes  and  nerves,  the  spinal  cord  in  the  human  subject 
weighs  from  1 oz.  to  if  oz.,  and  therefore  its  proportion  to  the  encephalon  is 
about  1 to  33.  Meckel  states  it  as  1 to  40. 

The  disproportion  between  the  brain  and  the  spinal  cord  becomes  less  and  less 
in  the  descending  scale  of  vertebrata,  until  at  length,  in  cold-blooded  animals, 
the  spinal  cord  becomes  heavier  than  the  brain.  Thus,  in  the  mouse,  the  weight 
of  the  brain,  in  proportion  to  that  of  the  spinal  cord,  is  as  4 to  1 ; in  the  pigeon, 
as  31  to  1 ; in  the  newt  only  as  § to  1 ; and  in  the  lamprey,  as  ^ to  1. 

In  comparison  with  the  size  of  the  body,  the  spinal  cord  in  man  may  be  stated 
in  general  terms  to  be  much  smaller  than  it  is  in  animals.  In  regard  to  the 
cold-blooded  animals,  to  birds,  and  to  small  mammalia,  this  has  been  actually 
demonstrated,  but  not  in  reference  to  the  larger  mammalia. 

R.  Wagner  states  as  follows,  the  proportion  of  the  weight  of  the  spinal  marrow 
taken  as  1 to  the  encephalon  and  its  parts — 


a,  to  the  nerve  roots  : 

: 1 

0-53 

l,  to  the  medulla  and  pons  : 

: 1 

r 

c,  to  the  cerebellum  : 

: 1 

5T8 

d,  to  the  cerebrum  : 

: 1 

42-78 

e,  to  the  encephalon  : 

: 1 

48-96 

SPECIFIC  GRAVITY  OF  THE  ENCEPHALON. 

The  specific  gravity  of  the  different  parts  of  encephalon  has  of  late  at- 
tracted some  attention  from  its  having  been  observed  that  it  varies  to  some 
extent  in  different  kinds  of  disease.  From  the  researches  of  Bucknill.  Sankey, 
Aitken,  and  Peacock,  it  appears  that  the  average  specific  gravity  of  the  whole 
encephalon  is  about  1036,  that  of  the  grey  matter  1034,  and  that  of  the  white 
1040.  There  are  also  considerable  differneces  in  the  specific  gravity  of  some 
of  the  internal  parts.  (William  Aitken,  “ The  Science  and  Practice  of  Medicine,” 
1865,  vol.  ii.  p.  265  : J.  C.  Bucknill,  in  “ The  Lancet,”  1852  : Sankey,  in  the 
“ Brit,  and  For.  Med.  Chir.  Review,”  1853  : Thos.  B.  Peacock,  in  the  Trans,  of 
the  Pathol.  Soc.  of  London,  1861-2.) 
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ORGANS  OF  THE  SENSES. 

In  this  place  will  be  described  the  organs  of  sight,  hearing,  and 
smell — the  higher  organs  of  special  sense.  The  description  of  the 
organ  of  touch  is  given  with  the  shin,  and  that  of  the  organ  of  taste 
with  the  tongue. 


THE  EYE. 

The  organ  of  vision,  strictly  speaking,  consists  only  of  the  ball  or 
globe  of  the  eye  ; but  connected  with  the  eyeball  externally  are  muscles, 
nerves,  and  blood-vessels,  elsewhere  described,  as  well  as  other  parts 
specially  destined  for  its  protection,  and  known  as  the  appendages  of 
the  eye  (tutamina  oculi),  of  which  an  account  will  first  be  given. 


THE  EYELIDS  AND  CONJUNCTIVA. 

The  eyelids  ( pcilpebrce ) are  moveable  portions  of  integument,  strength- 
ened toward  their  margins  by  a thin  lamina  of  dense  fibrous  tissue.  A 
mucous  membrane  lines  their  inner  surface,  and  is  reflected  thence  in 
the  form  of  a pellucid  covering  on  the  surface  of  the  eyeball.  This  is 
named  the  conjunctival  membrane  or  conjunctiva. 

The  upper  lid  is  larger  and  more  moveable  than  the  lower,  all  the 
transparent  part  of  the  globe  being  covered  by  it  when  the  eye  is  closed  • 
it  is  chiefly  by  the  elevation  of  this  lid  that  the  eye  is  opened  the 
movement  being  effected  by  a muscle  (levator  palpebrm)  devoted  exclu- 
sively to  this  purpose.  At  the  outer  and  inner  angles  Crnnthi)  of  the 
eye  the  eyelids  are  united.  The  interval  between  the  angles— fissura 
palp&lrarum  varies  in  length  in  different  persons,  and,  according  to  its 
extent,  gives  the  appearance  of  a larger  or  a smaller  eye,  the  size  of  the 

ft  flnCJ)emf  nw‘I the  s,am?-  TIle  greater  part  of  the  edge  of  each  eyelid 
is  flattened,  but  towards  the  inner  canthus  it  is  rounded  off  for  a short 

SaiI!e  time  t!iat  ifc  so.mewhat  changes  its  direction ; where 
e two  differently  formed  parts  join,  there  exists  on  each  lid  a slight 
conica1  elevation —pajnUalachryimlis—tYie  apex  of  which  is  pierced  by 
the  aperture  or  punctum  of  the  corresponding  lachrymal  canalicule  7 

of  tL  evplftu  i'  Pf  theil'  6Xtent  the  lids  are  aPPlied  t0  the  surface 
malia  ^ at  tlC  J“thus’  opposite  the  puncta  lacliry- 

which  !llf7eneSff  1 foH  of  conjunctiva,  the  plica  semilu- 
anrie  at  the  bnrrllv  f Tft?’  whllst>  occupying  the  recess  of  the 
formed  bv  a m-nnn  if  /S  ’ 1S!  a spongy-looking  reddish  elevation, 
very  fine  haifs  PTf f*  sebaceo,us  glands  which  open  into  the  follicles  of 
semilunaris  Tthp1^-  tbe  ^arunciila  lachrymalis.  The  plica 

found  in  many  anim nl RlmTft0f+fc^e  third  ®yelld  (membrana  nictitans) 
tissue  (PI.  Muller)  " * ^ contains  a small  amount  of  plain  muscular 

delicate  an<f  coverprf  sban  covering  the  eyelids  is  thin  and 

the  eyelashes  it  inins  1 exce.ssivebr  hne,  downy  hairs ; at  the  line  of 

the  inner  surface  if  thelfds^ff  n ^ mncons  membrane  which  lines 
ing  ramified  nio-m  on  f n n S‘  e cutls  vera  1S  remarkable  for  contain- 

tlilcoZnctVaiKir  ?eueath  th0  sM">  ^ 

tne  conjunctiva,  the  following  structures  are  successively  met  with,  viz. : 
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— The  fibres  of  the  orbicularis  muscle ; loose  connective  tissue  ; the  so- 
called  tarsal  cartilages,  together  with  a thin  fibrous  membrane,  the 
palpebral  ligament,  which  attaches  them  to  the  margin  of  the  orbit  ; 
and,  finally,  the  Meibomian  glands.  In  the  upper  eyelid  there  is,  in 
addition,  the  insertion  of  the  levator  palpebral  superioris,  in  the  form 
of  a fibrous  expansion  attached  to  the  upper  or  anterior  surface  of  the 
tarsal  cartilage. 


Fig.  396. 


Fig.  396. — Vertical  Section  of  the  Left  Orbit  and  its  Contents. 

Tlie  section  lias  been  carried  first  obliquely  tbrougli  the  middle  of  the  optic  foramen 
and  optic  nerve  as  far  as  the  back  of  the  eyeball,  and  thence  forward  through  the  eyeball, 
eyelids,  &c.  a,  frontal  bone  ; b,  superior  maxillary  ; c,  eyebrow  ; d,  the  upper,  and  d', 
the  lower  eyelid,  partially  open,  showing  the  section  of  the  tarsal  cartilages,  the  eyelashes, 
&c.  ; e,  e,  the  reflection  of  the  conjunctiva  from  the  upper  and  lower  eyelids  to  the  sur- 
face'of"  the  eyeball;/,  the  levator  palpebrse  superioris  muscle ; g,  the  upper,/,  the 
loAver  rectus  muscle  ; h,  the  inferior  oblique  muscle  divided  ; 1,  1,  the  optic  nerve 
divided  in  its  sheath  ; 2,  the  cornea  ; 2',  the  sclerotic  ; 3,  aqueous  chamber  ; 4,  crystal- 
line lens  ; 5,  vitreous  chamber. 


The  orbicularis  muscle  is  closely  adherent  to  the  skin  by  fine  connec- 
tive tissue  entirely  devoid  of  fat,  but  glides  loosely  on  the  tarsal  carti- 
lages. A marginal  fasciculus  lies  within  the  line  of  the  eyelashes, 
separated  by  the  bulbs  of  the  lashes  from  the  other  fibres,  and  con- 
stituting the  musculus  ciliaris  Riolani.  _ „ , „ 

The  tarsal  cartilages  (tarsi)  are  two  thin  elongated  plates  formed  ot 
dense  connective  tissue,  without,  according  to  most  observers,  any  intei  - 
mixture  of  cartilage-cells.  They  are  placed  one  m each  lid,  and  serve 
to  give  shape  and  firmness  to  those  parts.  The  upper  cartilage,  the 
larger  is  half  oval  in  form,  being  broader  near  the  centre  and  nan-owing 
towards  the  angles  of  the  lids.  The  lower  is  thinner,  much  narrower, 
and  more  nearly  of  an  uniform  breadth  throughout.  Their  free  or 
ciliary  edge,  which  is  straight,  is  thicker  than  any  other  part.  At 
the  inner  canthus  they  are  fixed  by  fibrous  slips  of  the  tendon  of  the 
orbicularis  muscle  ; and  at  the  outer  angle  are  attached  to  the  malar 
bone  by  a fibrous  band  belonging  to  the  palpebral  ligament,  and  named 

the  external  tarsal  ligament.  _ . . , ,, 

The  palpebral  ligament  is  a fibrous  membrane  placed  bencatn  tno 
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orbicularis  muscle,  attached  peripherally  to  the  margin  of  the  orbit, 
and  internally  to  the  tarsi,  with  which  its  tissue  is  continuous.  The 
membrane  is  thickest  at  the  outer  part  of  the  orbit. 

On  the  ocular  surface  of  each  lid  are  seen  from  twenty  to  thirty 
parallel  vertical  rows  of  yel- 
low granules,  lying  im-  ^ Fig.  397. 

mediately  under  the  conjunc- 
tival mucous  membrane,  and 
known  as  the  Meibomian 
glands  { fig.397,  G,6).  They  are 
compound  sebaceous  glands, 
imbedded  in  grooves  at  the 
back  of  the  tarsi ; and  they 
open  on  the  free  margin  of 
the  lids  by  minute  orifices, 
generally  one  for  each.  The 
glands  consist  of  nearly 
straight  tubes,  closed  at  the 
end,  with  numerous  small 
cffical  appendages  projecting 
from  the  sides.  The  tubes 
are  lined  for  some  distance 
by  stratified  epithelium  con- 
tinuous with  that  of  the  skin  : 
the  glandular  recesses  have  a 
lining  of  cubical  epithelium 
and  are  filled  with  the  fatty 
secretion.  According  to 


Fig. 


39(. — Meibomian  Glands  of  the  Left 
Eyelids  as  seen  from  behind. 


a,  a,  palpebral  conjunctiva ; 1,  lachrymal  gland  ; 
2,  openings  of  seven  or  eight  of  its  ducts  ; 3, 
upper  and  lower  puucta  lachrymalia  ; 6,  6,  ends 
of  the  upper  and  lower  Meibomian  glands,  of 
which  the  openings  are  indicated  along  the 
margins  of  the  eyelids. 


Colosanti  the  glands  have  a basement  membrane,  and  a muscular 
layer  outside  this:  he  farther  describes  a network  of  fine  nervous 
fibrils  amongst  the  epithelium  cells. 

A layer  of  unstriped  muscular  tissue  is  contained  in  each  eyelid:  that  of  the 
ppei  aiismg  from  the  under  surface  of  the  levator  palpebrie,  that  of  the  lower 
from  bhe  neighbourhood  of  the  inferior  oblique  muscle,  and  each  beino-  inserted 

ir-  veT fibres  are  ais° to  be  fotdbe^“ 

semilunaris  (H.  Muller).  It  may  also  be  mentioned  in  this  place  that  the  same 
n ei  describes  a layer  of  unstriped  muscle  crossing  the  spheno-maxillary 
fissure,  corresponding  to  a more  largely  developed  layer  found  in  the  extensive 
p neurotic  part  of  the  orbital  wall  of  various  mammalia.  This  set  of  fibres  has 
been  more  particularly  described  by  Turner* 

morp^wf^5  "®  stronS  Bhort  e"rod  ««*»,  arranged  in  two  or 
the  skin  and  Sfo  ion  °f  Si6  lids>  at  the  Iine  of  “lion  between 

and  loneeTthan  the  r0*1™-  ,TheuPPer  more  numerous 

Near  the  inner  eanthiAh61)’  ™d  are  c“,rlc<1  111  an  °PPosite  direction, 
diately  within  tile  ev„i  i 6 la,lrs  ale  weaker  and  more  scattered.  Imme- 

bC.tWf n them  and  thc  of  Ei«lan, 

sebaceous  glands  (not  the.fiXmkn^  Whl°h  °Pen  ’nt°  the  m0uths  °f 
Structure  of  the  'rm 

palpebral  part,  with  which  \e  conjunctiva  consists  of  the 

may  be  included  the  plica  semilunaris  and 

ukW  “ ZOi‘5'hr-  '•  Z»d-  m r.  ! w.  Turner,  in  Nut.  Hint.  Key 
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caruncula,  and  of  the  ocular  part  or  conjunctiva  bulbi,  in  which  may 
be  distinguished  the  sclerotic  and  corneal  portions  : each  of  these  parts 
presents  distinctive  characters.  The  epithelium  of  the  conjunctiva 
varies  somewhat  at  different  parts,  but  is  mainly  columnar,  with  smaller 
cells  between  the  fixed  ends  of  the  columnar  cells.  Near  the  skin  and 
cornea  it  shades  off  into  the  stratified  epithelium  which  covers  these  parts. 

Th  § palpebral  portion  of  the  conjunctiva  is  thicker  and  more  vascular 
than  any  other  part  of  the  membrane,  and  presents  numerous  fine  papillae 
freely  supplied  Avith  nerves.  It  passes  through  the  puncta  lachrymalia 
into  the  canaliculi,  and  is  continuous  with  the  lining  membrane  of  the 
lachrymal  sac.  Although  closely  united  to  the  tarsi,  it  exhibits,  never- 
theless, numerous  small  creases  or  folds,  which  are  visible  with  a lens. 
A layer  of  small  racemose  or  tubulo-racemose  glands  is  found  on  the 
ocular  surface  of  the  lids,  immediately  under  the  conjunctiva,  and  be- 
yond the  ends  of  the  Meibomian  glands  (Sappey,  W.  Krause).  Their 
minute  ducts  open  near  the  line  of  reflection  of  the  conjunctiva  upon 
the  globe  of  the  eye  {fornix  conjunctivcc). 

The  sclerotic  portion. — The  conjunctiva  changes  its  character  at  the 
line  of  reflection  from  the  eyelids,  becoming  thinner  and  losing  its 
papillary  structure : it  is  loosely  connected  to  the  eyeball  by  submucous 
tissue.  It  is  transparent  and  a few  blood-vessels  are  generally  visible  in 
it  in  the  healthy  condition,  but  under  the  influence  of  inflammatory 
congestion  a copious  network  of  vessels  very  irregularly  disposed  comes 
into  view.  These  vessels  are  derived  from  the  palpebral  and  lachrymal 
arteries. 

Another  set  of  vessels  exists  on  the  surface  of  the  sclerotic,  and 
are  seen  when  congested.  These  are  entirely  sub-conjunctival  and 
adherent  to  the  sclerotic  coat;  they  are  less  tortuous  than  the  con- 
junctival set,  and  are  derived  from  the  muscular  and  anterior  ciliary 
branches  of  the  ophthalmic  artery : they  remain  immoveable  on  pressure 
of  the  eyelid,  whereas  the  conjunctival  vessels  of  course  shift  with  that 
membrane.  These  sclerotic  vessels  dip  in  near  the  cornea,  and  appear 
to  unite  with  a deeper  minute  network  disposed  in  closely  set  straight 
lines,  which  radiate  from  the  margin  of  the  cornea,  and  the  gorged  con- 
dition of  which  is  Avell  knoAvn  to  ophthalmic  surgeons  as  characteristic 

of  sclerotitis.  _ 

The  corneal  conjunctiva  consists  almost  entirely  of  epithelium,  any 
underlying  membrane  being  extremely  thin,  transparent,  and  adherent 
to  the  anterior  layers  of  the  cornea,  in  connection  with  which  it  will  be 
again  referred  to.  Around  the  circumference  vessels  lie  between  it 
and  the  cornea,  and  form  a circle  of  anastomotic  capillary  loops.  11ns 
plexus  of  vessels  extends  farther  inwards  in  the  foetus. 

A well  developed  network  of  lymphatics  exists  throughout  the  sclerotic  and 
palpebral  portions  of  the  conjunctiva;  but  at  the  margin  of  the  cornea  a sudden 
diminution  takes  place  in  the  size  of  the  meshes  and  diameter  of  the  vessels, 
which  become  irregular,  and  come  into  connection  with  ramified  cell-spaces  m 


the  cornea.  . 

The  nerves  in  the  membrane,  as  far  as  the  cornea,  seem  to  have  tne  same 
arrangement  as  in  the  skin.  Their  mode  of  ending  has  not  been  traced  with 
certainty,  but  according  to  Krause  many  of  them  terminate  in  end-bulbs 

The  mucous  membrane  of  the  palpebral  conjunctiva  contains,  especially  at  it. 
back  part,  a large  quantity  of  lymphoid  tissue.  Lymphoid  follicles.  have  as 
been  described  in  the  conjunctiva  (Bruch),  but  their  existence  m man  is  doubt 


(Waldeyer). 
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THE  LACHRYMAL  APPARATUS. 

The  parts  which  constitute  the  lachrymal  apparatus  are  the  follow- 
ing, viz.  The  gland  by  which  the  tears  are  secreted,  situated  at  the 
upper  and  outer  side  of  the  orbit,  together  with  its  excretory  ducts  ; 
the  two  canals  into  which  the  fluid  is  received  near  the  inner  angle  • 
and  the  sac  with  the  nasal  duct  continued  from  it,  through  which  °t  he’ 
tears  pass  into  the  inferior  meatus  of  the  nose. 

The  lachrymal  gland,  an  oblong  flattened  body,  about  the  size  of  a 
small  almond,  is  placed  in  the  upper  and  outer  part  of  the  orbit,  a little 
behind  the  anterior  margin.  The  upper  surface  of  the  gland,  convex, 
is  lodged  in  a slight  depression  in  the  orbital  plate  of  the  frontal  bone’ 
to  the  periosteum  of  which  it  adheres  by  fibrous  bands  ; the  lower  sur- 
face is  adapted  to  the  convexity  of  the  eyeball,  and  is  in  contact  with 
the  upper  and  the  outer  recti . muscles.  "The  fore  part  of  the  gland, 
separated  from  the  rest  by  a thin  layer  of  fascia,  and  sometimes  described 
as  a distinct  gland  {ylandula  Icichrymalis  inferior,  Ro sen m tiller),  is  closely 
adherent  to  the  back  of  the  upper  eyelid,  and  is  covered  on  the  ocular 
surface  merely  by  the  conjunctiva  ; its  lobules  are  small  and  separate 
with  minute  ducts,  some  opening  separately,  others  joining  the  ducts 
from  the  principal  gland,  which  are  also  very  small.  The  number  from 
both  divisions  of  the  gland  seldom  exceeds  twelve  or  fourteen.  After 
running  obliquely  under  the  mucous  membrane,  and  separating  at  the 
same  time  from  each  other,  they  open  in  a row  at  the  fornix  coni'unc- 
tiva3,  by  separate  orifices,  at  its  J 

upper  outer  part.  In  minute 
structure  the  lachrymal  gland  re- 
sembles the  salivary  glands. 

Lachrymal  canals.— On  the 
margin  of  each  lid,  near  the 
inner  angle,  and  in  front  of  the 
fold  of  membrane  called  plica 
semilunaris,  is  a small  elevation 
(papilla  lachrymalis),  as  already 
mentioned.  Each  papilla  is  perfo- 
rated by  a minute  aperture,  punc- 
tum  lachrymal e ; and  at  these 
apertures  commence  two  narrow 
canals,  canalwuli  (fig.  398,  l,  1), 
which  convey  the  tears’  from 
the  eye  to  the  lachrymal  sac. 

I ie  upper  canal  is  rather  the  v. 

smaller  and  longer  of  the  two  • it  ■bl§‘  o9S' — ™0NT  0F  THE  Left  Eyelids, 

first  ascends  from  the  punctum  • Lachrtmal  Canals  ^xd 

tlinn  t -i  . puuctum  , Nasal  Duct  exposed. 


Fig.  398. 


then  makes  a sudden  bend,  and  is 
directed  inwards  and  downwards 
to  join  the  lachrymal  sac.  The 
lower  canal  descends  from  the  cor 
responding  punctum,  and  then 
takes  a nearly  horizontal  course 

B?£  C“/ls  ™ where  bent. 


1,  1,  upper  and  lower  lachrymal  canals, 
showing  towards  the  eyelids  the  narrow 
bent  portions  and  the  puncta  lachrymalia  ; 
2,  lachrymal  sac ; 3,  the  lower  part  of 
the  nasal  duct ; 4,  plica  semilunaris  ; 5, 
caruncula  lachrymalis. 


unite  near  the  end  : more  11!  ill  bent*  In  some  cases  tliey 
together,  into  the  sac.  uonly  tlley  open  separately,  but  close 
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The  lachrymal  sac  and  nasal  duct  constitute  together  the  passage 
by  which  the  tears  arc  conveyed  from  the  lachrymal  canals  to  the 
cavity  of  the  nose.  The  lachrymal  sac  (fig.  398,  2),  the  slightly  dilated 
upper  portion  of  the  passage,  is  situated  at  the  side  of  the  nose,  near 
the  inner  cantlius  of  the  eye,  and  lies  embedded  in  a deep  groove 
in  the  ungual  and  upper  maxillary  bones.  Its  upper  end  is  closed 
and  rounded,  and  the  lower  end  gradually  narrows  into  the  nasal 
duct.  On  the  outer  side,  and  a little  in  front,  it  receives  the 
lachrymal  canals ; and  here  it  is  placed  behind  the  tendo  palpebrarum, 
and  some  of  the  inner  fibres  of  the  orbicular  muscle  of  the  lids  ; 
while  on  its  orbital  surface  is  the  tensor  tarsi  muscle.  The  sac  is 
composed  of  fibrous  and  elastic  tissues,  adlieiing  closely  to  ic 
bones  above  mentioned,  and  strengthened  by  fibrous  processes  sent 
from  the  tendo  palpebrarum,  which  crosses  a little  above  its  middle. 
The  inner  surface  is  lined  by  a reddish  mucous  membrane,  which  is 
continuous  through,  the  canaliculi  with  the  conjunctiva,  and  throug  i 

the  nasal  duct  with  the  mucous  membrane  of  the  nose.  _ 

The  nasal  duct  (ductus  ad  nasum),  about  six  or  seven  lines  in  length, 
grooving  the  upper  maxillary  bone,  descends  to  the  fore  part  of  the 
lower  meatus  of  the  nose,  the  osseous  canal  being  completed  by  the 
ungual  and  lower  turbinated  bones.  A tube  of  fibrous  membrane,  con- 
tinuous with  the  lachrymal  sac,  adheres  to  the  panetes  of  this  canal,  and 
is  lined  by  mucous  membrane,  which,  at  the  opening  into  the  nose  is 
often  arranged  so  as  to  form  an  imperfect  valve.  The  nasal  duct  is 
rather  narrower  in  the  middle  than  at  either  end  ; its  direction  is  not 
quite  vertical,  but  inclined  slightly  outwards  and  backwards. 

1 The  mucous  membrane  in  the  canaliculi  possesses  a stratified ,_  sea  y 
epithelium,  but  in  the  nasal  sac  and  duct  a ciliated  epithelium  as  in  the 

nose.  . . 

cal^0^“ 

movements  ; but  tie  disposition  ol  the  mucous 

orifice.  A tlind  fold,  trie  vaive  oi  > nntialiculus  near  the  punctual 

inwards  on  one  side  of  the  vvHacal  pa  "when  it  is  flattened  by  the 

lachrymale,  and  as  being  sufficient  to  close  tlie  t i mliscles  as  in  winking, 
pressure  of  fibres  of  the  or—  , actable 

The  experiments  of  Foltz  on  rabbits  g 1 inki  and  tpe  canaliculus 

having  been  turned  backwards  towards  1ffie  < eye  removed  the  canali- 

heing  compressed  by  the  muse ' in  teai/which  by  the  next  compression 

cuius  resumes  its  open  form,  a Kchrvmal  sac  • and  also,  that  when  the 

in  winking  are  forced  teak  See  review 

^ Journal,  Fely.  ; also,  Hyrtl,  Topogr. 

Anatomie. 
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thick  stem  of  the  optic  nerve  behind.  The  recti  and  obliqui  muscles 
closely  surround  the  greater  part  of  the  eyeball,  and  are  capable  of 
changing  its  position  within  certain  limits  : the  lids,  with  the  plica 
semilunaris  and  caruncle,  are  in  contact  with  its  covering  of  conjunctiva 
in  front ; and  behind  it  is  supported  by  a quantity  of  loose  fat  and 
connective  tissue. 

The  eyeball  is  composed  of  segments  of  two  spheres,  of  which  the 
anterior  is  the  smaller  and  more  prominent  : the  segment  of  the  larger 
posterior  opaque  sphere  corresponds  with  the  limit  of  the  sclerotic 
coat,  and  the  translucent  portion  of  the  smaller  sphere  with  that  of  the 
cornea. 

From  before  backwards  the  ball  measures  about  nine-tenths  of  an 
inch,  and  its  transverse  diameter  exceeds  this  measurement  by  about  a 
line. 

Except  when  directed  towards  near  objects,  the  axes  of  the  eyes  are 
nearly  parallel  ; the  optic  nerves,  on  the  contrary,  diverge  considerably 
from  one  another,  and  each  nerve  enters  the  corresponding  eye  about  a 
tenth  of  an  inch  to  the  inner  or  nasal  side  of  the  axis  of  the  globe. 

The  eyeball  consists  of  several  concentric  coats,  and  of  certain  fluid 
and  solid  parts  contained  within  them.  The  coats  or  membranes  are 
three  in  number,  viz.:  an  external  fibrous  covering,  named  sclerotic  and 
cornea ; a middle  vascular,  pigmented,  and  in  part  also  muscular  mem- 
brane, the  choroid  and  the  iris : and  an  internal  nervous  stratum,  the 
retina.  The  enclosed  refracting  media,  three  in  number,  are  the  aqueous 
humour,  the  vitreous  body,  and  the  lens  with  its  capsule. 

Around  the  eyeball  there  is  an  adventitious  tunic  of  fascia,  tunica 
vaginalis  oculi,  or  capsule  of  Tenon,  which  is  perforated  by  the  tendons 
of  the  recti  and  obliqui  muscles,  and  connected  with  the  sclerotic  by 
merely  the  most  delicate  connective  tissue.  This  capsule,  which  in 
reality  consists  of  two  membranous  layers  lined  by  flattened  epithelioid 
cells,  and  enclosing  a lymph  space,  separates  the  eyeball  from  the 
orbital  fat,  and  enables  it  to  glide  freely  in  its  movements. 


THE  SCLEROTIC  COAT. 

The  scleiotic  (cornea  opaca),  the  tunic  of  the  eye  on  which  the  main- 
tenance of  the  form  of  the  organ  chiefly  depends,  is  a strong,  opaque, 
nnyielding  fibrous  structure.  It  extends  over  about  five-sixths  of  the 
eyeball  (fig.  399, 2),  joining  in  front  with  the  cornea.  The  outer  surface 
is  white  and  smooth,  except  where  the  tendons  of  the  recti  and  obliqui 
muscles  are  inserted  into  it.  The  inner  surface  is  a light  brown  colour, 
anci  rough  from  the  presence  of  a delicate  connective  tissue  ( membrana 
fusca)  which  unites  it  with  the  choroid  coat,  and  through  which 

fcth?Wf  \hJTC1  iiaiT  vessels  aud  nerves  cross  ottiquely.  The  sclerotic 
of  thf  back  part  of  the  eye,  and  thinnest  at  about  a quarter 

somewlnt  fwl  le  cornea  ; at  the  junction  with  the  latter,  it  is  again 
tenth  nf  an  i f11^  ^ ie  °P^C  nervc  pierces  this  coat  about  one- 

t0  the  ^ °f  the  baI1>  and  the  °PeninS  is 

The  outer  fim.nei  the  inner  than  at  the  outer  surface  of  the  coat, 
nnro-in  of  thn  ^ ®ieat  1 .°t  the  nerve  blends  with  the  sclerotic  at  the 
nerve  mf  U1 1 : ^ consequence  of  this  arrangement,  when  the 

of  If.010?  ° ft6  e?eba11’  the  ^muli  seem  to  enter  by  a 
'0  t 1 ’ and  t°  the  part  of  the  sclerotic  thus  perforated  the 
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name  of  lamina  cribrosa  is  sometimes  given.  Around  this  cribrous 
opening  are  smaller  apertures  for  vessels  and  nerves. 


Fig.  399. 


i 

a\ 


b 


jU® 


b 


via  309 View  op  the  Lower  Half  of  the  Right  Adult  Human  Eye,  divided 

“horizontally  through  the  middle.  Magnified  four  times.  (A.  Thomson.) 

The  suecimen  from  which  this  outline  is  taken  was  obtained  by  dividing  the  eye  of  a 
lhe  specimen  ii om  w frozen  state.  It  was  carefully  compared  with 

°f  q0obtaine^Hn°  a fimilar  manner  ; and  in  the  drawing  averages  have  been 

other  spe  • ‘ - . • ^ differences  among  them  presented  themselves. 

2,  the  sclerotic  ; 2',  sheath  of  the  optic  nerve 
1’.  „®.  . +t.0  sclerotic  ; 3,  3',  the  choroid  ; 4,  ciliary  muscle,  its  radiating  portion , 4 , cut 
passing  l nortion  • 5,  ciliary  fold  or  process ; 6,  placed  in  the  posterior  division 

fibres  of  t , . £ron’t  £ tiie  suspensory  ligament  of  the  lens  ; 7,  the  iris  (outer  oi 

theaqueous  ch^m  front  ot  me  ^ g>  on  the  divided  optic  nerve 

malax  side)  , / ? .•  . q/  colliculus  or  eminence  at  the  passage  ot  t 

points  to  the  ; .-the  nervous  luyerof  the  retina; 

optic  nerve  into  the  letinc  , , ^ ^ ^ commencement  of  tho  ciliary  part  of  the 

iito ; W^SnS  oJ  Petit ; 11,  anterior  division  o£  the  aqueous  chamber  nr  trout  ot 


STRUCTURE  OF  THE  SCLEROTIC. 


591 


pupil ; 12,  the  crystalline  lens,  within  its  capsule  ; 13,  the  vitreous  humour  ; a,  a,  a, 
parts  of  a dotted  line  in  the  axis  of  the  eye  ; b,  b,  b,  b,  a line  in  the  transverse  diameter. 
It  will  be  observed  that  from  the  pupil  being  placed  nearer  the  inner  side  the  axis  of  the 
eyeball,  a,  a,  does  not  pass  exactly  through  the  centre  of  the  pupil,  and  that  this  line  falls 
a little  to  the  inner  side  of  the  fovea  centralis.  The  following  letters  indicate  the  centres 
of  the  curvatures  of  the  different  surfaces,  assuming  them  to  be  nearly  spherical,  viz.  : 
c a,  of  the  anterior  surface  of  the  cornea  ; c p,  posterior  surface  ; l a,  anterior  surface  of 
the  lens  ; Ip,  posteiior  surface  ; s c p,  posterior  surface  of  the  sclerotic;  r a,  anterior 
surface  of  the  retina. 


In  connection  with  this  figure  the  following  average  dimensions  of 
of  the  adult  eye  in  fractions  of  an  English  inch  may  be  stated : — 

Tranverse  diameter  of  the  eyebaU  ...... 

Vertical  diameter  (Krause)  ...... 

Antero-posterior  diameter  ....... 

Diameter  of  the  optic  nerve  with  its  sheath 

Diameter  of  the  nervous  part  at  its  passage  through  the  choroid 
membrane  ......... 

Greatest  thickness  of  the  sclerotic,  choroid,  and  retina  together . 

Greatest  thickness  of  the  sclerotic  posteriorly 
Smallest  thickness  at  the  sides  and  in  front  .... 

Greatest  thickness  of  the  cornea  ...... 

Distance  from  the  middle  of  the  posterior  surface  of  the  cornea  t 
the  front  of  the  lens  ...... 

Antero-posterior  diameter  of  the  lens 

Transverse  ditto  ...... 

Greatest  thickness  of  the  ciliary  muscle  and  ciliary  processes 
together  ....... 

Greatest  thickness  of  the  ciliary  muscle  .... 

Thickness  of  the  iris 

Length  of  the  radius  of  curvature  of  the  anterior  surface  of  th 
cornea  (regarding  it  approximately  as  spherical)  . 

Radius  of  the  posterior  surface  .... 

Radius  of  curvature  of  the  anterior  surface  of  the  lens 
Radius  of  the  posterior  surface 

Approximate  length  of  the  radius  of  curvature  of  the  outer  surface 
in  the  posterior  half  of  the  retina 

Approximate  radius  of  curvature  of  the  external  surface  of  the 
_ posterior  part  of  the  sclerotic  coat 

Distance  of  the  middle  of  the  posterior  surface  of  the  lens  from  the 
middle  of  the  retina 

Distance  between  the  centre  of  the  spot  of  entrance  of  the  optic 
neive  and  the  middle  of  the  fovea  centralis  retina} 

Diameter  of  the  base  of  the  cornea 
Diameter  of  the  base  of  the  iris  transversely 
Diameter  of  the  base  of  the  iris  vertically 
Diameter  of  the  pupil 

viefdr»pMnoU'r*]e  ?cjel'ot'c i00?)  is  formed  of  connective  tissue,  and 

Sue  8and Tmnw”  ^ ,Its  fibres  are  combi™d  with  fine  elastic 
lodged  in  cell  ( H:’  numerous  connective  tissue  corpuscles 

the  cornea  ^ n°n  by  any  means  s0  reE"ul  arranged  as  in 

posed in ^Lers  hoH,  , 6 C.eU?- lamented.  The  bundles  are  dis- 
arrangement heincr 1 ‘™Sltaclmally  and  transversely,  the  longitudinal 

f the  layere  com- 

A few  lYInnrl  vmo  i aS  U°k  be  separable  for  any  distance. 

has  ^ 

Q Q 


the  parts 

1* 

0-96 

0‘9G 

016 

0-09 

0-08 

0-05 

0-025 

O'Ooo 

0-07 

0-19 

0-35 

0-06 

0-035 

0-015 

0-305 

0"275 

0-36 

0-21 

0-185 

0"5 

0-575 

0-11 

0-18 

0-15 

0-13 

0-11 
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THE  CORNEA. 

The  cornea  (cornea  pellucida),  the  transparent  fore  part  of  the 
external  coat,  admits  light  into  the  interior  of  the  eyeball.  It  is  nearly 
circular  in  shape,  but  is  occasionally  wider  in  the  transverse  direction, 
and  its  arc  extends  to  about  one-sixth  of  the  circumference  oi  the  whole 
globe.  Having  a curvature  of  a smaller  radius  than  the  sclerotic,  it 
projects  forwards  beyond  the  general  surface  of.  curvature  of  that  mem- 
brane : the  degree  of  its  curve  varies,  however,  in  different  persons,  and 
at  different  periods  of  life  in  the  same  person,  being  more  prominent  in 
youth  than  in  advanced  age.  Its  thickness  is  in  general  neaily  the 
same  throughout,  viz.,  from  A*-  to  Ay  of  an  inch,  excepting  towards  le 
outer  margin  where  it  becomes  somewhat  thinner.  rLhe  posterior  con- 
cave surface  exceeds  slightly  in  extent  the  anterior  or  convex,  in  couse- 
quence  of  the  latter  being  encroached  on  by  the  superficial  part  oi  the 
sclerotic  ; the  cornea  being  overlapped  by  the  sclerotic  (to  which  it  is 
joined  by  continuity  of  tissue)  like  a watch  glass  by  the  edge  ol  the 
groove  into  which  it  is  received  (see  fig.  399). 


STRUCTURE  OP  THE  CORNEA. 

The  cornea  may  be  described  as  consisting  of  three  parts— a stratified 
enithelium  in  front  (fig.  400,  1),  continuous  with  the  epithelium  ot  t e 
conjunctiva  ; a middle  part,  substantia  propria,  or  cornea  proper  (3), 
continuous  with  the  sclerotic,  composed  of  modified  connective  tissue  ; 
and  a homogeneous  elastic  lamella  (4),  bounding  it^  behind,  and  i .sc 
covered  with  a simple  layer  of  epithelium-like  cells  (■>).  . „ 

Epithelium  of  the  Cornea.— The  epithelium  covering  the  front  ot 
the  cornea  is  of  the  stratified  kind.  The  lowermost  cells  are  columnar  , 
with  a flattened  base,  where  they  rest  on  the  substantia  propria,  and 
a rounded  apex,  upon  which  a cell  of  the  next  layer  commonly  n s. 
the  base  of  each  is  attached  abroad,  flattened,  strongly  refracting  pro- 
cess, which  projects  under  one  of  the  neighbouring  cells.  Above  these 
columnar  cells  are  several  layers  of  more  rounded  cells,  some  ot 
which  (the  fingered  cells  of  Oleland)  have  projections  from  then  under 
surface,  which  pass  between  the  cells  below.  The  uppermost  of  these 
rounded  or  polygonal  cells  present  well-marked  ribs  and  ’ 

similar  to  tliose  described  in  the  cuticle  ; while,  quite  super  ci  3 > 
three  or  four  strata  of  flattened  scaly  epithelium  cells,  which  retam 
their  nuclei.  Indications  of  division  of  the  cells  are  observed  both 
amongst  the  columnar  set  and  amongst  the  more  rounded  ones  abo  e 

the^e°proper  substance  of  the  cornea  is  composed  as  before  said 
,0f  a modified  form  of  connective  tissue,  all  the  constituents  of  whlch 
have  very  nearly  the  same  index  of  refraction,  so  that  m the  perfectly 
fresh  comlition^it  is  difficult,  even  with  the  best  lenses,  to  make  out 
any  structure  at  all.  After  death,  however,  and  with  the  assistance  o 
reagents,  it  may  be  ascertained  to  consist  of  alternating  lamell^  o 
fil®  no  tissue  (about  sixty  in  number,  Bowman),  the  planes  of  y1. 
fib  . tn  tli  surfaces  of  the  cornea.  The  fibres  of  which  the 
Tamehse  are  composed  are  nearly  straight,  have  a definite  dn-ection  m 
each  layer;  and  cross  one  another  at  right  angles  m the  alteinnt. ej-^ 
/On-  vino  7)  It  must,  however,  be  understood  that  the  latte  <. 

offsets  to  the  layers  above 
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and  below,  so  that  they  cannot  readily  be  stripped  away  for  any 
distance.  The  fibrils  are  collected  into  roundish  bundles,  which,  as 


Fig.  400. 


Fig.  "400. — Vertical  Section  of  Human  Cornea  from  near  the  margin  (Waldeyer). 

Magnified. 

1,  epithelium  ; 2,  anterior  homogeneous  lamina  ; 3,  substantia  propria  cornea;  ; 4,  pos- 
terior homogeneous  (elastic)  lamina  ; 5,  epithelioid  layer  of  the  anterior  chamber  ; a,  most 
anterior  layer  of  the  substantia  propria  with  oblique  fibres  ; b , fibres  cut  .across,  producing 
a dotted  appearance  ; c,  corneal  corpuscles  appearing  fusiform  in  section  ; d,  bundles  of 
fibres  cut  longitudinally,  presenting  a homogeneous  appearance ; e,  transition  to  the  sclerotic, 
with  more  distinct  fibrillation,  and  surmounted  by  a thicker  epithelium  ; /,  small  blood- 
vessels cut  across. 

well  as  the  laminm  they  form,  are,  as  in  the  connective  tissue  elsewhere, 
separated  from  each  other  by  grouud  substance.  The  latter  is  in 
greater  abundance  between  the  fibrous  strata  than  elsewhere,  and  in. 

q q 2 
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Fig.  401. — Cell-spaces  of  the  Cornea  ; 

Man  (Waldeyer).  Highly  Magnified. 

The  figure  is  taken  from  a fresh  pre- 
paration examined  in  aqueous  humour. 
In  each  of  the  two  lower  spaces  a comeal 
corpuscle  is  represented  as  partially  filling 
the  space. 


these  parts  the  cell-spaces  of  the  tissue  are  found.  These  cell-spaces, 
which  are  readily  demonstrated  by  staining  the  tissue  with  nitrate 

of  silver,  but  also  make  their  ap- 
Fig.  401.  pearance  after  a time  in  the  fresh 

tissue  without  the  addition  of  any 
reagent  (fig.  401),  are  flattened 
conformably  with  the  lamellae,  are 
of  an  irregularly  stellate  figure,  and 
freely  communicate  by  their  offsets 
both  with  others  on  the  same  plane 
and  with  those  above  and  below. 
The  regularity  of  arrangement 
which  principally  characterises  them 
as  compared  with  the  cell-spaces 
of  connective  tissue  elsewhere  is  no 
doubt  dependent  on  the  laminated 
structure  of  the  cornea. 

The  corpuscles  of  the  tissue — 
corneal  corpuscles — lie  within  these 
cell-spaces,  corresponding  generally 
with  them  in  form,  but  without 
entirely  filling  them,  the  room  left 
serving  for  the  passage  of  lymph 
and  leucocytes.  The  protoplasm  of 
the  corpuscles  is  clear  and  hyaline,  except  in  the  neighbourhood  of  the 
large  nucleus,  where  it  is  granular  ; they  send  long  branching  processes 
along  the  anastomosing  canals  of  the  cell-spaces,  which  in  some 
cases  appear  to  join  with  those  of  neighbouring  corpuscles.  In  ver- 
tical sections  they  appear  fusiform  (fig.  400,  c),  but  horizontal  sections, 
show  them  to  be  flattened  conformably  with  the  surface.  Examined 
on  the  warm  stage,  the  corpuscles  are  said  to  exhibit  slow  amoeboid 
movements  in  the  form  of  protraction  and  retraction  of  their  processes. 
These,  however,  are  not  to  be  confounded  with  the  more  active  move- 
ments of  leucocytes  which  may  be  traversing  the  space. 

In  the  Iranian  cornea  tlie  cell-spaces  can  be  filled  with  fluid  injection  by- 
sticking  the  muzzle  of  a fine  syringe  into  the  [tissue,  and  empioymg  a very 
pressure  ; in  this  way  a network  of  anastomosing  stellate  figures  is  obtained 
(Recklinghausen’s  canals)  : if . however,  the  injection-flmd  be  too mon  istent or 
if  too  great  force  be  employed,  the  injection  becomes  extravasated  m Mhe  rate 
stices  of  the  fibril  bundles,  the  direction  of  which  it  takes  ; and  the ^appearance 
is  produced  of  minute  swollen  tubular-  passages  running  at  right  anQles  to  one 
another  in  the  different  layers  (Bowman’s  corneal  tubes).  This  appeamnee  may 
still  more  readily  be  obtained  if  air  is  injected  mto  the  tissue  instead  of  me  . y 
(the  fluid  used  by  Bowman),  and  it  is  seen  that  the  injection  always  stops  at  the 
margin  of  the  cornea,  where  the  tissue  becomes  denser  as  it  passes  mto  the 
sclerotic,  whereas  Recklinghausen’s  canals-  are  contmued  mto  the  cell-spaces  of 

the  latter.  > . 

The  part  of  the  cornea  immediately  beneath  the  anterior  epithelium, 
for  a thickness  of  from  ^ to  of  an  inch,  is  denser  than  the 
rest  of  the  tissue,  and  entirely  free  from  corpuscles  (fig.  400,  2)  It  wa 
named  the  anterior  elastic  lamina  by  Bowman,  but  appears  not  to  d ff 
innteriallv  in  structure  from  the  rest  of  the  corneal  substance,  fib 
from  which  may  be  seen  passing  obliquely  towards,  and  becoming  os 

in  it  (binding  fibres)  (fig.  400,  a). 
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Fig.  402. 


Fig.  402. — Part  op  the  Epi- 
thelioid Layer  op  the 
Membrane  op  Dehours. 


The  membrane  of  Demours  or  Descemet  (fig-.  400,  4)  (posterior 
elastic  lamina,  Bowman),  not  very  closely  united  with  the  fibrous  part 
of  the  cornea,  is  transparent  and  glassy  in 
appearance.  It  is  firm  and  structureless,  but 
very  brittle  and  elastic  ; and  when  shreds  are 
removed  from  it  they  tend  to  curl  up  with 
the  attached  surface  innermost.  It  appears 
not  to  be  affected  by  acids,  by  boiling  in 
water,  or  by  maceration  in  alkalies.  In 
thickness  it  varies  from  to  „ of  an 
inch.  It  is  lined  with  an  epithelioid  cover- 
ing (fig.  400,  5),  which  resembles  that  on 
serous  membranes,  consisting  of  a single 
layer  of  flattened  polygonal  cells  with  dis- 
tinct nuclei  (fig.  402).  At  its  circumference  the  membrane  breaks  up 
into  bundles  of  fibres,  which  are  partly  continued  into  the  front  of  the 
iris,  forming  the  “ pillars  of  the  iris,”  and  partly  into  the  fore  part  of  the 
choroid  and  sclerotic  coats. 

To  these  festoon-like  processes  passing  between  the  iris  and  posterior 
part  of  the  cornea,  at  its  junction  with  the  sclerotic,  and  which  are  very 
much  more  marked  in  the  eyes  of  the  sheep  and  the  ox  than  in  the 
human  eye,  the  name  ligamentum  pectinatum  iriclis  was  given  by 
Hueck.  The  processes  in  question  are  covered  with  epithelioid  cells, 
continued  from  Deseemet’s  membrane,  but  these  cells  do  not  stretch 
across  the  intervals  between  the  processes,  so  that  the  cavity  of  the 
aqueous  chamber  is  prolonged  into,  and  freely  communicates  with, 
cavernous  spaces  * in  the  tissue  between  the  processes  (fig.  403,  3).  A 
similar,  but  rather  larger  space  is  found  slightly  anterior  to  these  in  the 
substance  of  the  sclerotic,  close  to  its  junction  with  the  cornea.  This, 
which  is  elliptical  in  section,  is  known  as  the  sinus  circulciris  iridis , 
or  canal  of  Schlemm  (fig.  403,  4),  and  is  said  to  communicate,  through 
the  other  spaces,  with  the  aqueous  chamber  of  the  eye,  owing  to  the 
open  nature  of  the  tissue  in  this  situation,  and  the  breaking  up  of  the 
membrane  of  Demours  into  distinct  bundles,  as  just  described.  But,  on 
the  other  hand,  the  canal  of  Schlemm,  and  the  other  cavernous  spaces 
m its  neighbourhood,  are  in  communication  with  the  veins  of  the 
anterior  part  of  the  sclerotic,  and  therefore  the  aqueous  chamber  must 
also  through  them  communicate  with  the  veins.  In  support  of  this, 
it  is  stated  that  both  the  spaces  and  the  veins  become  filled  with 
coloured  fluid  when  this  has  been  injected  into  the  anterior  chamber. 

V ly  the  blood  does  not  find  its  way  into  the  latter  during  life  is  not 
n . y understood,  since  no  valves  have  as  yet  been  discovered  in  the 
veins  which  lead  out  from  the  spaces  : the  reason  is,  probably,  that  a 

greater  resistance  is  offered  to  its  passage  here  than  to  its  return  by 
the  ordinary  paths. 

The  abcn  e statements  are  mainly  derived  from  the  account  given  by 

umwi  1°  ’ 1Jllfc’.accorciirig  to  Leber,  the  results  obtained  were  due  to  a 
si  e colouring  matter  having  been  employed  for  filling  the  anterior 
‘ ™ -V  n011-clifiFasible  one  is  used  it  never  penetrates  into 

n nni  jn!r  ° 0 Alemm,  which  is  simply  a large  circular  terminal  vein,  or 

• , LC  l°n  °.  wo  or  ^irec  plexiform.  veins  uniting  at  frequent  intervals 
into  one  trunk.  ° ^ 

Lar0ei  in  many  animals,  where  they  are  known  as  the  spaces  of  Fontana. 
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Fig.  403.  Section  (from  the  ® aged  30)  shc mim  ™Egc^AA™>ST^ 

CHAMBER  (Waldeyer)- 

a,  epithelium  ; b conjunctival  mucous  membrane  ; 

the  anterior  chamber ; r,  line  of„  *“?l"i na coreied  iiftVpitheUoid  Sella  «McU  are 

nf  the  cornea  - 2,  posterior  homogeneous  lamina,  covered  wiw*  of  the  antcnor 

SSS&ZfZ  K^/^rS/S’epitheUoid  lining,  anrl  with  a 
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vessel  5 lcadin"  from  it ; 6,  other  vessels  ; 7,  bundles  of  fibres  of  the  sclerotic  running 
equatorial]}',  cutacrosa ; 8,  larger  ones  in  the  substance  of  the  sclerotic  ; 9,  fine  bundles 
cut  across'  at  limit  of  cornea  ; 10,  point  of  origin  of  meridional  bundles  ot  ciliary 
muscle  ; 11,  blood-vessels  in  sclerotic  and  conjunctiva,  cut  across  ; 12,  section  of  one 
of  the  ciliary  arteries. 


Vessels  and  nerves.— In  a state  of  health  the  cornea  is  not  provided 
with  blood-vessels,  except  at  the  circumference,  where  they  form  very  fine 
capillary  loops  and  accompany  the  nerves..  Neithei  are  any  lymphatic 
vessels  discoverable,  unless  the  channels  in  which  the  neives  run,  and 
which  are  lined  with  flattened  cells  and  in  connection  with  the  cell  spaces, 
are  to  betaken  as  representing  them.  The  nerves , on  the  other  hand,  are 
very  numerous.  Derived  from  the  ciliary  nerves,  they  entei  the  foie  part 
of  the  sclerotic,  and  are  from  forty  to  forty-five  in  number  (Waldeyer). 
Continued  into  the  fibrous  part  of  the  cornea,  they  retain  their  dark 
outline  for  ^th  to  Jgth  of  an  inch,  and  then,  becoming  transparent, 
ramify  and  form  a plexus  through  the  laminated  structure.  From  this 
primary  plexus  other  nerves  proceed  to  form  a much  finer  and  closer 
plexus— but  of  which  the  cords  yet  consist  of  several  nerve-fibrils— 
at  the  surface  of  the  cornea,  immediately  beneath  the  epithelium.,  and 
from  this  secondary  or  subepithelial  plexus  excessively  fine,  varicose, 
ultimate  fibrils  (fig.  404,  b)  pass  among  the  epithelium  cells,  and  form 
here  a terminal  network,  the  intra-epithelial  plexus,  which  extends  almost 
to  the  free  surface  (fig.  404,  c,  c). 


Fig.  404. 


big.  404. — IuTRA-EPITIIELIAL  PLEXUS  OF  CoRXEA  OF  RABBIT,  STAINED  BY  CHLORIDE 
of  Gold.  Oblique  view.  300  Diameters  (Klein). 

a,  part  of  subepithelial  plexus  ; b,  b,  tufts  of  fine  varicose  fibrils ; e,  network  of 
these  amongst,  cl,  the  deeper  epithelial  cells. 


In  addition  to  the  nerves  which  are  destined  for  the  epithelium, 
others,  for  the  proper  substance  of  the  cornea,  conie  off  from  the 
primary  plexuses,  and,  after  uniting  into  one  or  ' more  secondary 
plexuses,  the  cords  of  which  are  still  composite,  eventually  form,  in 
and  among  the  laminae,  a terminal  network  of  ultimate  fibrils,  the 
meshes  of  which  are  much  more  open  than  those  of  the  intra-epithelial 
network.  An  actual  connection  of  the  nerves  with  the  corpuscles  of 
the  cornea  has  never  been  satisfactorily  shown. 
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The  larger  branches  of  the  nerves  are  covered  with  a sheath  of  flat- 
tened cells  which,  as  before  mentioned,  are  in  connection  with  the  cor- 
puscles of  the  cornea.  At  the  points  of  junction  of  the  plexus,  nuclei 
are  frequently  seen,  but  these  appear  to  belong  to  the  ensheathing  cells, 
and  not  to  be  interpolated  in  the  course  of  the  fibres. 


THE  CHOROID  COAT. 


Fig.  405. 


The  choroid  coat  of  the  eye  (tunica  clioroidea  s.  vasculosa)  is  a dark 
brown  membrane  lying  between  the  sclerotic  and  the  retina.  It  reaches 

forwards  nearly  to  the 
cornea,  wdiere  it  ends 
by  a series  of  plaits 
or  folds  named  ciliary 
processes,  disposed  in 
a circle  projecting  in- 
wards at  the  back  of 
the  circumferential  por- 
tion of  the  iris.  At  the 
hinder  part,  vdiere  the 
tunic  is  thickest,  the 
optic  nerve  is  trans- 
mitted. The  outer 
surface  is  rough,  and  is 
connected  to  the  scler- 
otic by  loose  connec- 
tive tissue  and  by  ves- 
sels and  nerves.  The 
inner  surface,  which 
is  smooth,  is  covered 
by  the  hexagonal  pig- 
mented cells  of  the 
retina  (which  were 
formerly  described  as 
belonging  to  the 
choroid). 

The  ciliary  processes,  about  seventy  in  number,  are  arranged  radially 


Fig.  405. — Choroid  Membrane  and  Iris  exposed  by 

THE  REMOVAL  OP  THE  SCLEROTIC  AND  CORNEA  (after 
Zinn).  Twice  the  natural  size. 

a,  one  of  the  segments  of  the  sclerotic  thrown  back  ; b, 
ciliary  muscle;  c,  iris  ; e,  one  of  the  ciliary  nerves  ; /, 
one  of  the  vasa  vorticosa  or  choroidal  veins. 


Fig.  406. 


tion  at  its  inner  or  axial  end, 


Fig.  406. — Ciliary  Processes  as  seen  from 
behind,  f 

1,  posterior  surface  of  the  iris,  with  the 
sphincter  muscle  of  the  pupil  ; 2,  anterior 
part  of  the  choroid  coat ; 3,  one  of  the  ciliary 
processes,  of  which  about  seventy  are  re- 
presented. 

together  in  form  of  a circle.  They 
consist  of  larger  and  smaller  folds 
or  thickenings,  without  regular 
alternation  ; the  small  folds  number 
about  one-third  of  the  large.  Each 
of  the  larger  folds,  measuring  about 
.futh  of  an  inch  in  length  and  Ar^h 
in  depth,  forms  a rounded  projec- 
liich  is  free  from  the  pigment  which 
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invests  the  rest  of  the  structure  ; but  externally  they  become  gradually 
narrower,  and  disappear  in  the  choroid  coat.  The  smaller  processes  are 
only  half  as  deep  as  the  others.  At  and  near  the  internal  or  anterior 
extremities  the  processes 

are  connected  by  lateral  Flg-  40^- 

loop-like  projections.  The 
plications  of  the  ciliary 
processes  fit  into  corre- 
sponding plications  of  the 
suspensory  ligament  of 
the  lens,  to  be  afterwards 
described. 


STRUCTURE  OF  THE 
CHOROID. 

The  choroid  consists 
mainly  of  blood-vessels 
united  by  a delicate  con- 
nective tissue,  with  nu- 
merous large  ramified 
cells  (for  the  most  part 
pigmented),  united  by 
their  branches,  and  con- 
taining numerous  leuco- 
cytes in  the  meshes,  like 
lymphoid  tissue.  From 
a difference  in  the  fine- 
ness of  its  constituent 
blood-vessels,  the  choroid 
resolves  itself  into  two 
strata,  outer  and  inner  ; 
the  former  containing 
the  larger  branches,  and 
the  latter  the  capillary 
ramifications. 

In  the  outer  part  of 
the  coat  are  situated,  as 
just  stated,  the  larger 
branches  of  the  vessels. 
The  arteries  ( short  ciliary ) 
are  comparatively  large 
and  numerous,  and  pierc- 
ing the  sclerotic  close  to 
the  optic  nerve  (fig.  407, 
1),  divide  into  branches 
which  are  directed  at  first 
forwards  before  they  bend 
inwards  to  end  on  the 


Fig.  407. — Lateral  View  op  the  Arteries  of  the 
Choroid  and  Iris  (from  Arnold). 

a,  optic  nerve  ; b,  part  of  the  sclerotic  left  behind  ; 
c,  region  of  ciliary  muscle  ; d,  iris  ; 1,  posterior  ciliary 
arteries  piercing  the  sclerotic  and  passing  along  the 
choroid  ; 2,  one  of  the  long  ciliary  arteries  ; 3,  anterior 
ciliary  arteries. 

Fig.  40S. 


Fig.  403. — Lateral  View  op  the  Veins  op  the 
Choroid  (from  Arnold). 

1,  1,  two  trunks  of  the  venae  vorticosae  at  the 
place  where  they  leave  the  choroid  and  pierce  the 
sclerotic  coat. 


maigin  of  the  cornea  and  the  entrance  of  the  optic  nerve.  In  the 
n eivas  betw  een  the  vessels  are  elongated  and  stellated  pigment-cells 
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with,  fine  offsets,  which  intercommunicate  and  form  a network  or  stroma 
(fig.  409).  Towards  the  inner  part  of  the  tunic,  this  network  passes 
gradually  into  a web  without  pigment.  Externally  the  choroid  is 

bounded  by  a membranous  layer  similar 
Fig-  400-  to  the  lamina  fusca  of  the  sclerotic,  and 

known  as  the  lamina  supra-choroidea 
(fig.  403,  d).  It  is  loosely  united  to  the 
lamina  fusca  by  vessels  and  bands  of 
connective  tissue  enclosing  pigment-cells, 
and  the  enclosing  laminae  as  well  as  the 
uniting  structures  are  coated  with  epithe- 
lioid cells,  a lymph  space  being  thus 
formed  between  the  sclerotic  and  choroid. 
This  space  communicates  with  that  of  the 
capsule  of  Tenon  before  described  (p.  589) 
(Schwalbe). 

The  inner  part  of  the  choroid  coat 
(, tunica  RuyscMana  s.  chorio-capillaris)  is 
formed  mainly  by  the  capillaries  of  the 
choroidal  vessels.  From  the  ends  of  the 
arteries  the  capillaries  radiate,  and  form  meshes  which  are  more  deli- 
cate and  smaller  than  in  any  other  texture,  being  especially  fine  at 


Fig.  409.  — Ramified  Pigment 
Cells  op  the  Choroid  (Kiil- 
liker).  300  Diameters. 


Fig.  410. 


FR.  410. — Injected  Blood-vessels  of  the  Choroid  Coat  (from  Sappej). 

30  Diameters. 

1,  one  of  the  larger  veins  ; 2,  small  communicating  vessels  ; 3,  branches  dividing  into 
the  smallest  vessels. 

the  back  of  the  eyeball  (fig.  410).  The  network  reaches  as  far 
as  about  4.th  of  an  inch  from  the  cornea,  or  opposite  the  end  ot  tnc 
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retina,  where  its  meshes  become  larger,  and  join  those  of  the  ciliary 

ProTthe  inner  surface  of  the  tunica  Ruyschiana  is  a structureless  or 
finely  fibrillated  transparent  membrane,  the  membrane  of  Bruch,  which 
lies  next  to  the  pigmentary  layer  of  the  retina,  and  anteriorly,  m the 
region  of  the  ciliary  processes,  presents  on  its  inner  surface  numerous 

microscopic  reticulating  folds.  „ . 

The  ciliary  processes  have  the  same  structure  as  the  rest  of  the 
choroid;  but  the  capillary  plexus  of  the  vessels  is  less  fine  and  has 
meshes  with  chiefly  a longitudinal  direction  ; and  the  ramified  cells 
fewer  in  number,  are  devoid  of  pigment  towards  the  free  extremities  of 


the  folds.  „ - - 

The  Noocl-vessels  of  the  ciliary  processes  (fig.  413,  cl)  are  very  numerous, 

and  are  derived  from  the  anterior  ciliary,  and  from  _ those  ot  the  fore 
part  of  the  choroidal  membrane.  Several  small  arterial  branches  enter 
the  outer  part  of  each  ciliary  process,  at  first  running  parallel  to  each 
other  and  communicating  sparingly.  As  they  enter  the  prominent 
folded  portion,  the  vessels  become  tortuous,  subdivide  minutely,  and 
inosculate  frequently  by  cross  branches.  Finally  they  form  short 
arches  or  loops,  and  turn  backwards  to  pour  their  contents  into  the 
radicles  of  the  veins.  On  the  free  border  of  the  fold,  one  artery, 
larger  than  the  rest,  extends  the  whole  length  of  each  ciliary  process, 
and  communicates  through  intervening  vessels  with  a long  venous  trunk 
which  runs  a similar  course  on  the  attached  surface. 

Ciliary  muscle. — At  the  anterior  part  of  the  choroid,  between  it  and 
the  sclerotic,  is  a zone  of  plain  muscular  tissue,  the  ciliary  muscle  ot 
Bowman.  It  arises  (fig.  403,  10)  by  a thin  tendon  from  the  forepart  of  the 
sclerotic  close  to  the  cornea,  and  between  the  canal  of  Schlemm  and  the 
spaces  of  Fontana,  and  its  fibres,  spreading  out,  are  directed  backwards 
(fig.  403,  k),  to  be  inserted  into  the  choroid  opposite  to  the  ciliary 
processes,  and  partly  further  back,  the  fibres  passing  equatorially  and 
intercrossing  so  as  to  form  peculiar  stellate  figures.  A small  portion 
(the  outermost)  is  sometimes  inserted  into  the  sclerotic  (fig.  403,  M). 
These  antero-posterior,  or  meridional  and  radiating  fibres,  pass  at  the 
side  next  the  iris  into  a ring  of  fibres  (l),  which  have  a circular  course 
around  the  insertion  of  the  iris.  This  set  forms  the  circular  ciliary 
muscle  of  H.  Muller.  This  circular  muscle  is  much  developed  in 
hypermetropic  eyes,  but  is  atrophied,  or  may  even,  it  is  said,  be  absent 
in  myopic  (Iwanoff).  The  ciliary  muscle,  at  least  its  circular  part, 
was  formerly  described  as  the  ciliary  ligament. 


THE  IRIS. 

The  iris  is  the  contractile  and  coloured  membrane  which  is  seen 
behind  the  transparent  cornea,  and  gives  the  tint  to  the  eye.  In  its 
centre  it  is  perforated  by  an  aperture — the  pupil. 

By  its  circumferential  border,  which  is  nearly  circular,  the  iris  is 
connected  with  the  choroid,  the  cornea,  and  the  ciliary  muscles : the 
free  inner  edge  is  the  boundary  of  the  pupil,  and  is  constantly  altering 
its  dimensions  during  life.  The  iris  measures  i an  inch  across,  and,  in 
a state  of  rest,  about  4th  of  an  inch  from  the  circumference  to  the  pupil. 
Its  surfaces  look  forwards  and  backwards.  The  anterior,  variously 
coloured  in  different  eyes,  is  marked  by  waved  lines  converging  towards 
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the  pupil,  near  which  they  join  in  a series  of  irregular  elevations  ; and, 
internal  to  these,  other  finer  lines  pass  to  the  pupil.  The  posterior 
surface  is  covered  with  dark  pigment,  prolonged  from  the  pigmentary 
layer  of  the  retina  ; and,  this  being  removed,  there  is  seen  at  the 
margin  of  the  pupil  a narrow  circular  band  of  fibres  (sphincter  muscle 
of  the  pupil),  with  which  the  converging  lines  are  blended. 

The  pupil  is  nearly  circular  in  form,  and  is  placed  a little  to  the 
inner  side  of  the  centre  of  the  iris.  It  varies  in  size  according  to  the 
contraction  or  relaxation  of  the  muscular  fibres,  this  variation  ranging 
from  ¥Vth  to  £rd  of  an  inch,  and  regulating  the  quantity  of  light 
admitted  to  the  eyeball. 


STRUCTURE  OP  THE  IRIS. 


Fibrous  and  muscular  tissues  form  the  framework  of  the  iris,  and 
pigment  cells  are  scattered  through  the  texture.  It  contains  also 
numerous  vessels  and  nerves.  In  front  and  behind  is  placed  a distinct 
layer  of  pigmented  cells.  The  delicate  epithelioid  layer  of  the  membrane 
of  Descemet  (fig.  403,2)  is  continued  from  the  margin  of  the  cornea  over 
the  front  of  the  iris  ; its  cells  are  smaller  and  more  granular  than  those 
which  cover  the  membrane  of  Descemet,  but  are  otherwise  similar. 

The  stroma  consists  of  cells  and  fibres  of  connective  tissue,  the  latter 


directed  radially  towards  the  pupil,  and  circularly  at  the  circumfer- 
ence ; these,  interweaving 
Fig.  411.  with  one  another,  form  a 

web  which  is  more  open  in 
the  substance  of  the  iris 
than  near  the  surfaces. 

The  muscular  tissue  is 
of  the  non-striated  kind, 
and  is  disposed  as  a ring 
(sphincter)  around  the  pupil, 
and  as  rays  (t dilatator ) from 
the  centre  to  the  circum- 
ference. 

The  sphincter  (fig.  411,  a) 
is  the  flat  narrow  band  on 
the  posterior  'surface  of  the 
iris,  close  to  the  pupil,  and 
is  about  ^th  of  an  inch 
wide.  At  the  edge  of  the 
pupil  the  fibres  are  close 
together,  but  at  the  periphe- 
ral border  they  are  separated, 
and  form  less  complete  rings. 

The  dilatator  (b,  b),  less 
apparent  than  the  sphincter, 
begins  at  the  ciliary  or  outer 
margin  of  the  iris,  and  its 
fibres,  collected  into  bundles, 
)r  forming  a continuous  membrane,  situated  near  the  posterior  surface, 
converge  towards  the  pupil,  and  form  a network  by  their  intercom- 
munications. At  the  pupil  they  blend  with  the  sphincter,  some  reac  - 


Fig.  411. — A SMALL  PART  OF  THE  IRIS,  SHOWING 
the  Muscular  Structure  (from  Kolliker}.' 
350  Diameters. 

The  specimen  is  from  an  albino-rabbit,  and  has 
been  treated  with  acetic  acid  : a,  the  sphincter 
muscle  at  the  margin  of  the  pupil  ; b,  fasciculi  of 
the  dilatator  muscle  ; c,  connective  tissue  with 
nuclei  of  cells  rendered  evident  by  the  acid. 
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ing  near  to  its  inner  margin  ; and  at  the  ciliary  margin  also  they  arch 
round  and  take  a somewhat  circular  direction. 

In  the  substance  of  the  iris  anteriorly  and  throughout  its  thickness 
are  variously-shaped  ramified  pigment  cells  like  those  in  the  choroid. 
The  pigment  contained  in  them  is  yellow,  or  of  lighter  or  darker  shades 
of  brown,  according  to  the  colour  of  the  eye.  At  the  posterior  surface 
is  a covering  of  dark  pigment,  the  uvea  of  authors  ; this  is  continuous 
with  the  (retinal)  pigmentary  layer  lining  the  choroid  and  the  ciliary 
processes,  and  here  consists  of  several  strata  of  small  roundish  cells 
filled  with  dark  pigment.  The  colour  of  the  iris  depends  on  the  pig- 
ment ; in  the  different  shades  of  blue  eye  it  arises  from  the ' black 
pigment  of  the  posterior  surface  appearing  more  or  less  through  the 
texture,  which  is  only  slightly  coloured  or  is  colourless ; but  in  the 
black,  brown,  and  grey  eye,  the  colour  is  due  to  the  pigment  scattered 
through  the  iris  substance. 

Pupillary  membrane  (membrana  pupillaris). — In  foetal  life  a delicate  trans- 
parent membrane  thus  named  closes  the  pupil,  and  completes  tbe  curtain  of  tbe 
iris.  The  pupillary  membrane  contains  minute  vessels,  continuous  with  those  of 
the  iris  and  of  the  capsule  of  the  crystalline  lens  ; they  are  arranged  in  loops, 
which  converge  towards  each  other,  but  do  not  quite  meet  at  the  centre  of  the 
pupil  (fig.  412).  At  about  the  seventh  or  eighth  month  of  foetal  life  these  vessels 
gradually  disappear  ; and,  in  proportion  as  the  vascularity  diminishes,  the  mem- 
brane itself  is  absorbed  from  near  the  centre  towards  the  circumference.  At  the 
period  of  birth,  often  a few  shreds,  sometimes  a larger  portion,  and  occasionally 
the  whole  membrane  is  found  persistent. 


Fig.  412. 


Vessels  and  nerves  of  the 
iris. — The  long  ciliary  arteries, 
two  in  number,  pierce  the 
sclerotic  a little  before,  and  one 
on  each  side  of,  the  optic  nerve. 

Having  gained  the  interval 
between  the  sclerotic  and 
choroid  coats,  they  extend  hori- 
zontally forwards  (fig.  407,  2) 
through  the  loose  connective 
tissue  to  the  ciliary  muscle.  In 
this  course  they  lie  nearly  in 
the  horizontal  plane  of  the  axis 
of  the  eyeball,  the  outer  vessel 
being  however  a little  above,  and 
the  inner  one  a little  below  the 
level  ot  that  line.  A short  space 
behind  the  fixed  margin  of  the 
iris  each  vessel  (fig.  414,  1,  1) 
divides  into  an  upper  and  a 
lower  branch,  and  these,  anasto- 
mosing with  the  corresponding  vessels  on  the  opposite  side  and  witl: 
^ a,n  c^01  C1hary,  form  a vascular  ring  (cir  cuius  major)  in  the  ciliarj 
avIi  ik|C’nfi!  °in/c  nS  ,c|1]f’c^exsma^(-T-  branches  arise  to  supply  the  muscle 
rnmmnn^nt'8  q’ 4.14,  5)  couvcrgc  towai’ds  the  pupil,  and  there,  freeh 
• i f A transverse  offsets  from  one  to  another,  form  a seconc" 

..  1°  anas  °m°sis  ( arculus  minor),  from  which  capillaries  are  con- 

tinued inwardly  and  end  m small  veins. 


Fig.  412. — Pupillary  Membrane  of  New- 
born Kitten,  Injected  (Kolliker,  from 
a preparation  by  Tliierscli).  Magnified. 
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The  anterior  ciliary  arteries  { fig.  414,  2,  2),  live  or  six  in  number,  bub 
smaller  than  the  vessels  just  described,  are  supplied  from  the  muscular 
and  lachrymal  branches  of  the  ophthalmic  artery,  and  pierce  the  sclerotic 
about  a line  behind  the  margin  of  the  cornea  ; they  divide  into  branches 
which  supply  the  ciliary  processes,  and  join  the  circulus  major. 

Besides  these  special  arteries,  numerous  minute  vessels  enter  the  iris 
from  the  ciliary  processes. 

The  veins  of  the  iris  follow  closely  the  arrangement  of  the  arteries 
just  described.  The  canal  of  Schlemm  communicates  with  this  system 
of  vessels. 


Fig.  413. 


Fig.  414. 


Fi<*  413. — Vessels  of  the  Choroid,  Ciliary  Processes  and  Iris  of  a Child 
(Arnold).  Magnified  10  times. 

«,  capillary  the  posterior  part 

c,  arteries  of  the  corona  ciliaris,  supplying  the  ciary  processes  «,  a i 
his  c ; /,  the  capillary  network  close  to  the  pupillary  margin  of  the  ms. 

Pi6.  414. — Front  V=w  or  th*  Btooo—s  or  Cnorom  Co«  - 

BEFORE  (Arnold).  Magnified  2£  times. 

a,  choroid  : b,  iris  ; c,  ciliary  muscle,  ftc.  ; — 

anterior  ciliary  arteries  ramifying  at  the  outeim.  ? ciliary  arteries  ; 4,  internal  circle 
tion  between  one  of  the  anterior  and  one  of  t he  long  ^ 

pp r]  network  of  the  vessels  of  the  ms  ; 5,  external  radial  netuorn 


The  ciliary  nerves  (fig.  415,  1 \ 'the  ophthalinic 

from  the  lenticular  ganglion  J?™.  1 „e„r  the  entrance  of  the 
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these  nerves  arc  seen  lying  on  the  surface  of  the  choroid,  into  which 
they  send  branches,  and  in  which  they  form  between  and  amongst  the 
blood-vessels  a fine  plexus  of  pale  fibres  rich  in  ganglion-cells,  the 


Fig.  415.  Fig-  416. 


Fig.  415. — Lateral  View  op  the  Ciliary  Nerves  (Arnold).  Diagrammatic. 

a , optic  nerve  ; b,  back  part  of  the  sclerotic  ; c,  ciliary  muscle  ; d,  iris  ; c,  outer 
surface  of  the  choroid  coat ; 1,  five  of  the  ciliary  nerves  passing  along  the  sheath  of 
the  optic  nerve,  piercing  the  sclerotic  posteriorly,  and  thence  passing  forward  on  the 
choroid  membrane  to  the  ciliary  muscle  and  iris.  The  nerves  are  represented  too  large. 

Fig.  416.— Distribution  op  Nerves  in  the  Iris  (Kolliker).  50  Diameters. 

The  preparation  was  from  the  eye  of  an  albino  rabbit;  a,  smaller  branches  of  the 
ciliary  nerves  advancing  from  the  choroid  ; b,  loops  of  union  between  them  at  the 
margin  of  the  iris  ; c,  arches  of  union  in  the  iris  ; c',  finer  network  in  the  inner  part ; c, 
sphincter  papilla;  muscle. 

groups  of  cells  being  often  applied  to  the  walls  of  the  vessels.  Within 
the  ciliary  muscle  the  nerves  also  subdivide  minutely,  forming  here 
another  plexus,  which  contains  a number  of  medullated  fibres  and  the 
cells  of  which  are  smaller.  A few  recurrent  branches  appear  to  pass 
back  from  it  into  the  choroid  coat,  but  the  greater  number  pass  on  to 
the  iris  (fig.  416,  a,  a).  In  the  iris  the  nerves  follow  the  course  of  the 
blood-vessels,  dividing  into  branches,  which  communicate  with  one 
another  as  far  as  the  pupil,  forming  a close  plexus  of  fine  non-medul- 
lated  fibres.  Their  ultimate  termination  is  not  ascertained. 


RETINA  OR  NERVOUS  TUNIC. 

The  retina  is  a delicate  almost  pulpy  membrane,  which  contains  the 
terminal  part  of  the  optic  nerve.  It  lies  within  the  choroid  coat,  and 
rests  on  the  hyaloid  membrane  of  the  vitreous  humour.  It  extends 
forwards  nearly  to  the  outer  edge  of  the  ciliary  processes  of  the  choroid, 
where  it  ends  in  a finely  indented  border — ora  serrata.  From  this  border 
there  is  continued  onwards  a thin  layer  of  transparent,  nucleated  cells  of 
an  elongated  or  columnar  form,  constituting  the  pars  ciliaris  retina, 
w lie  i reaches  as  far  as  the  tips  of  the  ciliary  processes,  and  there  dis- 
appears  The  thickness  of  the  retina  diminishes  from  behind  forwards, 
if  ic?™  r<jmi  °/  to  aAoth  of  an  inch.  In  the  fresh  eye 

lip^mpc  and  of  a light  pink  colour;  but  after  death  it  soon 

I ‘ 1 aqne,  and  this  change  is  most  marked  under  the  action  of 

i ‘ C010’  au<t  other  fluids.  Its  outer  surface  is  covered  with  a 
nr  Jr""0?1  P’Smcnt-cells  which,  as  the  study  of  the  develop- 
i , , 1(T,pai must  be  regarded  as  belonging  to  the  retina 
o le  choroid,  to  which  it  has  usually  been  ascribed.  More- 
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over  the  pigment-cells  send  fine  non-pigmented  offsets  between  the 
external  retinal  elements.  When  the  choroid  is  detached  these  offsets 


Fig.  417. 


Fig.  417. — The  Posterior  Half  of  the  Retina  of  the  Left  Eye  viewed  from 
before  (Henle).  Twice  the  natural  size. 

s,  cut  edge  of  the  sclerotic  ; ch , choroid  ; r,  retina  : in  the  interior  at  the  middle  the 
macula  lutea  with  the  depression  of  the  fovea  centralis  is  represented  by  a s lg 
oval  shade  ; towards  the  left  side  the  light  spot  indicates  the  colliculus  or  eminence  a 
the  entrance  of  the  optic  nerve,  from  the  centre  of  which  the  arteria  centra  is  is  seen 
sending  its  branches  into  the  retina,  leaving  the  part  occupied  by  the  macu  a com 
paratively  free. 

are  ruptured  and  the  pigmentary  layer  comes  away  with  it.  The  innei 
surface  of  the  retina  is  smooth  : on  it  the  following  objects  may  be  seen 
(fig.  417).  In  the  axis  of  the  ball  is  a yellow  spo t— macula  lutea  {Jimbiis 
luleus,  Sommerring) — which  is  somewhat  elliptical  in  shape,  and  abou 
^i-th  of  an  inch  in  diameter : in  the  centre  of  this,  again,  is  a sligli 

Fig.  418. 


K 1C 


Fig.  418. 


Section  through  the  Middle  of  the  Oftic  Nerve  and  the  Tunics  of  the 
Eye  at  the  Place  of  its  Passage  through  them  (Ecker).  x 
„ . np-n+ralis  retime  : b,  fasciculi  of  optic  nerve  fibres  with  neurilemma  ; c,  sheath 

s*ks>  lid  <vbc  rT  c“‘  v";  rssis 

c,f,  layer  of  rods  and  cones  ; <j,  the  nuclear  layers  ; /t,  layer  of  nerve  cel  s , ‘amina 
nerve-fibres ; Tc,  colliculus  or  eminence  at  the  entrance  of  the  optic  nenc,  , 
cribrosa. 
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hollow,  fovea  centralis,  and,  as  the  retina  is  thinner  here  than  elsewhere, 
the  pigmentary  layer  is  clearly  visible  through  it,  giving  rise  to  an  appear- 
ance as  of  a hole  through  the  tunic.  About  Tuth  of  an  inch  inside  the 
yellow  spot  is  the  round  disc,  porus  opticus,  where  the  optic  nerve  ex- 
pands, and  in  its  centre  the  point  from  which  the  vessels  of  the  retina 
branch.  At  this  place  the  nervous  substance  is  slightly  elevated  so  as 
to  form  an  eminence  (colliculus  nervi  optici)  (fig.  418,  ic,  ic.). 

MICROSCOPIC  STRUCTURE  OP  THE  RETINA. 

When  vertical  sections  of  the  retina,  i.e.,  sections  made  perpendicularly 
to  its  surface,  are  submitted  to  microscopic  examination,  eight  distinct 
strata  are  recognizable,  together  with  certain  fibrous  structures  which 
pass  vertically  through  the  membrane  and  connect  the  several  layers. 


Fig.  419. 


Outer  or  choroidal  surface. 


8.  Layer  of  pigment  cells. 


7 . Layer  of  rods  and  cones. 


. . Membrana  limitans  externa. 


T)  6.  Outer  nuclear  layer. 


5.  Outer  molecular  layer. 


(( 4.  Inner  nuclear  layer. 


3.  Inner  molecular  layer. 


2.  Layer  of  nerve  cells. 


1.  Layer  of  nerve  fibres. 

. . . Membrana  limitans  interna. 
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Inner  surface. 

Fig.  419.— Diagrammatic  Section  of  the  Human  Retina  (Schultze) 
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2. 

3. 


6. 

7. 

8. 


Fig.  420. 


The  following  are  the  designations  of  the  layers,  from  within  out- 
wards : — 

1.  The  layer  of  nerve-fibres  (nerve-layer). 

The  layer  of  nerve-cells  (ganglionic  layer). 

The  inner  molecular  layer. 

4.  The  inner  nuclear  layer. 

5.  The  outer  molecular  layer  (internuclear). 

The  outer  nuclear  layer. 

The  layer  of  rods  and  cones  (columnar  layer,  Jacob’s  membrane). 
The  layer  of  hexagonal  pigment  cells  (pigmentary  layer). 

In  addition  to  these  eight  strata  two  excessively  delicate  membranes 
are  described — the  one,  membrana  limitans  interna,  bounding  the  retina 
on  its  inner  surface,  next  to  the  hyaloid  membrane  of  the  vitreous 
humour  ; the  other,  membrana  limitans  externa , lying  between  the  outer 
nuclear  layer  and  the  layer  of  rods  and  cones ; but,  as  will  be  afterwards 
explained,  these  so-called  “ membranes  ” are  merely  the  boundary  lines 
of  the  sustentacular  tissue  of  the  retina.  The  accompanying  figure, 
from  Max  Schultze,  represents  (somewhat  diagrammatically)  the  general 

arrangement  and  structure  of  the  layers. 

1.  Layer  of  nerve-fibres.  — The 
optic  nerve  (fig.  418,  b b)  passes  at  the 
porus  opticus  directly  through  the  thick- 
ness of  the  retina  to  reach  its  inner 
surface,  on  which  it  spreads  out  in  form 
of  a membrane  (fig.  420)  towards  the  ora 
serrata.  Its  fibres,  which  are  destitute 
of  a primitive  sheath  and  vary  much  in 
size,  lose  their  medullary  sheath  on 
reaching  the  retina,  consisting  there  of 
axis-cylinder  only  (Bowman).  They 
are  collected  into  small  bundles,  which, 
compressed  laterally,  intercommunicate 
and  form  a delicate  web  with  narrow 
elongated  meshes.  At  the  yellow  spot 
this  layer  is  wanting  (fig.  420,  b),  else- 
where it  forms  a continuous  stratum, 
o-radually  diminishing  in  thickness  in 
front,  interrupted  only  by  the  enlarged 
ends  of  the  fibres  of  Muller  to  be  after- 
wards described  (p.  615).  The  nerve- 
bundles,  as  well  as  the  cells  of  the  next 
layer,  are  partially  covered  and  sup- 
ported by  flattened  connective  tissue 
corpuscles. 

2.  Ganglionic  layer. — Immediately 
external  to  the  nerve-fibre  layer  is^  a 
stratum  of  nerve-cells  (figs.  419,  422,  2), 
of  a spheroidal  or  pyriform  figure,  ana. 
having  in  the  fresh  condition  a pellucid 
aspect.  Each  cell  has  a single  un- 
branched process  extending  oblique  y 
jpd  inner  extremity  amongst  the  fibres  of  the  preceding 
"nt of  Xh  it  it  «o  doubt  continuous.  From  the  oppos.te 


Fig.  420. — Fart  of  the  Layer  of 
. Nerve-Fibres  on  the  Inner 
Surface  of  the  Retina  (Kol- 
' liker).  Slightly  Magnifier. 

a colliculus  opticus;  b,  yellow- 
spot  ; c,  d,  bundles  of  nerve  fibres 
passing  round  this;  e,  e,  bundles 
radiating  in  all  directions  from  the 
point  of  entrance  of  the  nerve 
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■end  of  the  cell,  which  is  frequently  imbedded  in  the  granular  substance 
of  the  succeeding  layer,  one  or  more  much  thicker  processes  extend  out- 
wards for  a variable  distance  into  that  stratum,  and  after  branching 
dichotomously  once  or  twice  become  lost  in  its  substance.  The  number 
of  nerve  cells  and  consequently  the  thickness  of  the  ganglionic  layer  in 
the  different  regions  of  the  retina  varies  exceedingly.  Over  the  greater 
part  of  the  retina  they  form  a single  stratum,  but  in  the  neighbourhood 
of  the  yellow  spot  they  are  placed  two  or  three  deep.  At  the  spot  itself 
(fig.  426,  2)  they  are  very  thickly  set  (from  eight  to  ten  deep)  ; the  cells 
are  also  much  smaller  here,  and  are  bipolar.  Towards  the  ora  serrata, 
on  the  other  hand,  there  is  but  a single  stratum,  and  that  frequently 
incomplete. 

3.  Inner  molecular  layer. — Next  in  order  to  the  ganglionic  layer 
comes  a comparatively  thick  stratum  of  a granular-looking  substance, 
which  in  the  perfectly  fresh  condition  presents,  under  high  powers  of  the 
microscope,  the  appearance  of  a pale,  homogeneous  matrix  with  numerous 
minute  clear  globules  or  granules,  imbedded  in  it.  The  fibres  of  Muller 
pass  through  the  substance  composing  this  layer  without  being  directly 
•connected  with  it ; the  offsets  of  the  ganglion-cells  can  also  be  traced 
into  it  for  a greater  or  less  distance  ; and,  finally,  the  fine,  varicose 
central  processes  of  the  nuclear  bodies  of  the  layer  next  to  be 
described,  can  be  followed  a short  distance  into  the  layer  in  question 
(fig.  422),  passing  in  the  direction  of  the  ganglionic  and  nervous  layers. 
Flattened  cells,  similar  to  those  noticed  in  the  nerve-fibre  and  ganglionic 
layers,  are  also  said  to  occur  in  the  inner  molecular  layer,  especially  on 
its  surfaces  (Golgi  and  Manfredi). 

The  exact  nature  of  the  substance  composing  this  layer  is  still  a matter  of 
•doubt.  By  Max  Schultze  it  was  described  as  a reticulating  mass  with  numerous 
fine  intercommunicating  meshes,  supported  in  which  was  supposed  to  be  a fine 
network  formed  by  ramifications  of  the  ganglion-cell  processes,  which  become 
lost  to  view  in  this  layer.  Schultze  further  described  it  as  being  of  the  same 
nature  as  and  intimately  connected  with  the  system  of  Mullerian  fibres.  Schwalbe, 
however,  has  shown  that  these  pass  through  the  inner  molecular  layer  sometimes 
with  a smooth  contour  and  always  without  giving  off  lateral  offsets  to  it ; and, 
moreover,  that  they  are  of  a different  chemical  nature  from  the  substance  of  the 
molecular  layer. 

4.  Inner  nuclear  layer.— This  is  mainly  composed  of  several  strata 
•of  characteristic  transparent  nucleus-like  bodies,  which  are  frequently 
known  collectively  as  the  “ inner  granules,”  but  are  nevertheless  of  three 
or  four  distinct  kinds.  Those  of  one  kind,  few  in  number,  are  connected 
with  the  fibres  of  Muller  as  these  pass  through  the  layer,  and  will  most 
•com  eniently  be  described  with  those  fibres.  Those  of  the  second  kind 
(fig.  422  4),  by  far  the  most  numerous,  are  prolonged  at  either  end  into 
a delicate  fibre,  and  contain  each  a clear,  round  or  oval  nucleus,  with 
a distinct  nucleolus.  These  last  (the  nucleus  and  nucleolus)  resemble 
very  closely  the  analogous  structures  found  in  ganglion-cells,  and  indeed 
i 1(f  huesGon  are  commonly  regarded  as  bipolar  nerve-cells, 

m v i i ie  protoplasm  of  the  cell  very  small  in  amount,  devoid  of 

rvpU+f4 S’  PnnciPally  collected  at  either  end  of  the  cell. 

ie  cc  processes  or  fibres  which  proceed  from  these  ends,  the  inner 
one,  oi  la  extending  into  the  inner  molecular  layer  towards  the  gan- 
g ionic  ant  neive-fibre  layers, is  finerthanthe  other, is  always  unbranched, 
an  commonly  exhibits  minute  varicosities  similar  to  those  on  the  ultimate 
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fibrils  of  the  nerves.  A direct  connection  of  these  inner  processes  with 
the  outwardly  extending  branches  of  the  large  nerve-cells  of  the  gan- 
glionic layer  has  never  been  completely  substantiated ; but  it  is  con- 
sidered probable  that  some  of  them  may  be  so  connected,  while  others 
may  pass  directly  to  the  nerve-layer  and  there  become  continued  into  a 
nerve-fibre.  The  outer  prolongation  or  process  of  the  bipolar  cell  is  on 
the  other  hand  thicker  than  the  inner  one,  and,  moreover,  after  a longer 
or  shorter  course,  divides  into  branches.  This  division  commonly  occurs 
just  beyond  the  limit  of  the  inner  nuclear  layer,  immediately  within  the 
succeeding  (outer  molecular)  layer  ; frequently  it  is  into  two,  which  pass 
off  almost  at  a right  angle.  The  further  destination  of  these  branches  is 
unknown,  but  they  are  believed  to  break  up  into  exquisitely  fine  fibrils, 
forming  a plexus  in  this  situation.  The  outer  process  differs  further 
from  the  inner  in  not  exhibiting  varicosities ; occasionally  it  has  a finely 
granular  appearance.  These  cells  have  sometimes,  but  rarely,  been 
observed  to  possess  more  than  two  such  processes  (Ritter,  Hulke). 


The  relative  length  of  the  inner  and  outer  process  naturally  differs  according  to 
the  position  of  the  individual  cell  in  the  nuclear  layer ; if  the  cell  is  near  the 
inner  molecular  layer  the  outer  process  will  have  a longer  course  to  reach  the 
outer  molecular  layer,  and,  conversely,  if  the  cell  is  near  the  latter ; in  almost  all 
cases,  however,  the  inner  process  is  the  longer  of  the  two,  extending,  as  before 
mentioned,  for  some  distance  into  the  contiguous  molecular  layer.  At  the  macula 
lutea  these  processes  or  fibres  of  the  inner  nuclear  layer  have  a markedly  oblique 
direction,  in  other  parts  of  the  retina  they  run  vertically  towards  the  surfaces. 


The  third  kind  of  “ inner  granule  ” is  entirely  different  from  the 
other  two.  The  cells,  each  of  which  has  a distinct  nucleus  and  nucle- 
olus, are  exclusively  collected  at  the  innermost  part  of  the  inner 
nuclear  layer,  where  in  man  they  form  an  almost  complete  stratum 
(Vintschgau).  They  appear  to  be  devoid  of  processes,  but  further 

investigations  are  re- 
Fig.  421.  quired  as  to  their 

nature,  as  well  as 
with  regard  to  certain 
other  cells  (. fourth 
variety)  which  are; 
scattered  here  and 
there  in  the  outer- 
most part  of  the  layer, 
next  to  the  outer 
molecular  layer,  and 
are  distinguished 
from  the  ordinary 
“ inner  granules  ” by 
their  rounded  form 
and  larger  size,  and 
also,  according  to  W. 
Fi".  421. — Branched  Cells  with  the  Uniting  Feltwork  j£rauge  ju  possessing 
of  Fibres  from  the  Outer  Molecular  Layer  o procQSS — an 

Horse's  Retina  (Schwalbe).  Highly  Magnified,  “ 


The  outermolecidar  layer  ismuch  tinker 

than  the  inner,  but  otherwise  presents,  in  vertical  sections  ol  I.aidenei 
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retina,  a similar  granular  appearance,  with  a few  scattered  nuclei  in  its  sub- 
stance, and  in  which,  in  the  human  retina  and  in  that  of  most  mammals, 
it  is  difficult  to  make  out  any  definite  structure.  In  the  horse’s  retina, 
however,  as  Rivolta  and  others  have  shown,  it  is  possible,  in  properly 
prepared  and  isolated  portions  of  the  layer,  to  ascertain  the  existence 
within  it  of  flattened,  irregular  or  stellate,  finely  branched,  delicately 
granular  cells  to  which  the  nuclei  in  question  belong  (fig.  421).  The 
cell-offsets,  which  are  excessively  fine,  form  by  repeated  branching  and 
union  a close  network  or  feltwork  throughout  the  layer,  the  substance 
of  which  is  in  this  way  formed  by  them.  The  nuclei  of  the  cells  are 
clear  and  distinct,  each  with  a comparatively  large  nucleolus  ; the  fine 
fibres  of  the  network  are  stated  by  Golgi  and  Manfredi  to  exhibit  vari- 
cosities like  nerve-fibrils,  but  according  to  Schwalbe  the  varicose  fibrils 
in  all  probability  do  not  actually  form  a part  of  the  network  but  are 
intercalated  in  its  meshes.  It  is,  therefore,  uncertain  whether  these 
cells  are  to  be  regarded  as  of  a nervous  nature  themselves  or  merely  as 
supporting  structures  for  the  true  nervous  elements.  There  is  little 
doubt  that  a similar  structure  exists  in  mammalia  generally. 

6.  Outer  nuclear  layer.— This  (figs.419,422,  G)  resembles  very  closely 
at  first  sight  the  inner  nuclear  layer,  appearing,  like  that,  to  consist  of 
several  strata  of  clear,  oval  or  elliptical,  nuclear  corpuscles  (outer  gran- 
ules), from  the  ends  of  which  delicate  fibres  are  prolonged.  They  differ, 
however,  essentially  from  the  inner  granules,  and  may  be  readily  dis- 
tinguished from  them. . These  outer  granules  are  of  two  kinds,  which 
present  well-marked  differences  and  are  known  respectively  as  the  rod- 
granules  and  cone-granules,  according  as  they  are  connected  with  the 
lods  or  with  the  cones  of  the  next  retinal  layer.  Those  which  are  con- 
nected with  the  rods  are,  in  most  parts  of  the  retina,  by  far  the  more 
numerous,  and  form  the  main  thickness  of  the  outer  nuclear  layer, 
lhey  may  be  regarded  as  enlargements  or  swellings  in  the  course  of 
delicate  fibres  (rod-fibres),  which  extend  from  the  inner  ends  of  the  rods 
at  the  membrana  limitans  externa  through  the  thickness  of  this  layer 
to  the  outer  molecular  layer.  The  enlargements,  of  which  there  is  but 
one  to  a fibre,  situate  at  any  part  of  its  course,  are  each  occupied  by 
an  elliptical  nucleus  which  is  devoid  of  a nucleolus,  but  which,  in  the 
tresn.  condition,  exhibits  a remarkable  cross-striped  appearance  (Henle), 
ie  s long])  refracting  substance  which  mainly  composes  it  being  inter- 
rupted by  bands  or  disks  of  a clearer  less  refracting  material,  usually 

^!m1oLnUmbier?  °^C  on1eacl)  side  of  the  middle  line  (fig.  422),  but  occa- 
sionally single  and  median  (see  the  left-hand  one  in  fig.  422).  The  rod- 

in3Xf,!C  0 excess^  fineness,  and  exhibit  frequently  minute  varicosities 
of  the  rXT  \e\Gho1S  directbr  continuous  at  the  outer  end  with  one 
S()mcwhnt  lnvobUfc  at  -tbe-  mn5  end  aPPears  usually  to  terminate  in  a 
STma^  fi;om  the  marS’in  of  "hidi  exquisitely  fine 

the  outer  molecular  layer  ^ tra°ed  extendiug  into  the  substance  of 

inmost  lvirU1  nf 1 anibe^  which  are  connected  with  the  cones  are, 
oTanules  ftnm  wl ; ile  Jetma’  much  fewer  in  number  than  the  rod- 
somewhat  „ •/.  llc11  tbey  are  distinguished  by  their  shape,  which  is 
position— for  fTe*’  ^ ^ ie  abscnce  °f  transverse  striation,  and  by  their 
the  membram  i;Z1>CCU^.!'ie  Part  °f  the  outer  nuclear  layer  nearest 
close  nroximifv  tn  n^i  exteraaj>  aild  the  larger  end  of  each  is  thus  in 
b ^ le  base  °f  the  corresponding  cone,  with  which  it  i& 
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Fig.  422. 


Fig.  422. — The  Nervous  and  Epithelial 
Elements  op  the  Retina  (Semidiagram- 
matic).  After  Schwalbe. 

The  numbers  are  the  same  as  in  fig.  419. 
The  extent  of  the  molecular  layers  is  indicated 
merely  by  lines  of  shading. 


directly  connected,  or  there  is  at 
most  a short,  comparatively  thick 
stalk  uniting  the  two  (see  fig.422). 
At  the  macula  lutea,  however, 
where  only  cone-granules  are  met 
with,  many  of  them  are  further 
removed  from  the  limiting  mem- 
brane, and  the  stalk  is  then  longer 
and  more  attenuated.  The  nucleus 
of  each,  which,  as  in  the  case  of 
the  rod-granules,  occupies  almost 
all  the  enlargement,  contains  a 
distinct  nucleolus.  The  cone-fibre 
is  very  much  thicker  than  the 
rod-fibres  above  described.  It 
passes  from  the  smaller  end  of  the 
pear-shaped  enlargement  straight 
through  the  outer  nuclear  layer 
to  reach  the  outer  moleculhr  layer, 
upon  which  it  rests  by  a some- 
what spread-out  end.  From  the 
edges  of  this,  numerous  exces- 
sively-fine  fibrils  pass  into  the 
substance  of  the  molecular  layer. 
Moreover  a delicate  striation  or 
fibrillation  has  occasionally  been 
described  in  the  cone-fibre  itself. 

7.  The  layer  of  rods  and 
cones. — Bacillary  layer  (fig.  422, 
7).  The  elements  which  compose 
this  layer  are,  as  their  name  im- 
plies, of  two  kinds,  those  of  the 
one  kind— the  rods— having  an 
elongated  cylindrical  form ; the 
cones  on  the  other  hand  being 
shorter,  much  thicker,  bulged  at 
the  inner  end  or  base,  and  termi- 
nated externally  by  a finer  taper- 
ing portion.  Both  rods  and  con&s 
are  closely  set  in  a pallisade-like 
manner  over  the  whole  extent  of 
the  retina  between  the  membrana 
limitans  externa  and  the  pigmen- 
tary layer  (fig.  419,  7);  except  at 
the  macula  lutea,  where  only  cones 
are  met  with,  the  rods  far  exceed 
the  cones  in  number.  Their  rela- 
tive number  and  arrangement  is 
well  exhibited  when  the  layer  is 
viewed  from  the  outer  surface,  as 
in  fig.  423,  where  a represents  a 
portion  of  the  layer  from  the 
macula  lutea;  b,  from  the  ini- 
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mediate  neighbourhood  of  the  latter,  and>,  from  the  peripheral  part  of 
thThetlrods  and  the  cones,  although  differing  thus  in  shape  and  size 


o 


Fig.  423. — Outer  Surface  of  the  Colum-  Fig.  4_,3.  Fig.  4^4. 

nar  Layer  of  the  Retina  (Kolliker). 

350  Diameters. 

a,  part  within  the  macula  lutea,  where 
only  cones  are  present ; b,  part  near  the 
macula,  where  a single  row  of  rods  inter- 
venes between  the  cones  ; c,  from  a pait 
of  the  retina  midway  between  the  macula 
and  the  ora  serrata,  showing  the  preponder- 
ance of  the  rods. 

pjc  424. A Rod  and  a Cone  from  the  Human  Retina  (Max 

’ Scliultze).  Highly  Magnified. 

In  the  rod  the  longitudinal  striation  of  both  the  outer  and  inner 
segments  is  shown  ; in  the  cone  the  transverse  striation  of  the  outer 
segment  and  the  longitudinal  of  the  inner.  In  both  the  fibrillation  of 
the  inner  segment  is  much  more  extensive  than  usual ; /,  limitans 
externa. 

agree  in  many  points  of  structure.  Thus,  each  consists 
of  two  distinct  segments — an  inner  and  an  outer ; the 
division  between  the  two  occurring,  in  the  case  of  the 
rods,  about  the  middle  of  their  length  (in  man);  in  the 
cones  at  the  junction  of  the  finer  tapering  end-piece  with 
the  basal  part ; consequently,  the  outer  and  inner  seg- 
ments of  the  rods  are  nearly  similar  in  size  and  shape, 
the  inner  being,  however,  slightly  bulged  as  a rule, 
whereas  the  inner  segment  of  each  cone  far  exceeds  the 
outer  one  in  size,  the  latter  appearing  merely  as  an 
appendage  of  the  inner  segment  (fig.  424).  The  two 
segments  both  of  the  rods  and  cones  exhibit  well-marked 
differences,  both  in  their  chemical  and  optical  characters,  as  well  as 
in  the  structural  appearances  which  may  be  observed  in  them.  Thus, 
while  in  both  the  outer  segment  is  doubly  refracting  in  its  action  upon 
light,  the  inner  is,  on  the  contrary,  singly  refracting  : the  inner  becomes 
stained  by  carmine,  iodine,  and  other  colouring  fluids,  whilst  the  outer 
remains  colourless.  The  outer  segment  in  both  shows  a tendency  to 
break  up  into  a number  of  minute  super-imposed  disks,  whereas  the 
inner  segment  is  itself  again  distinguishable  into  two  parts — an  outer 
part,  apparently  composed  of  fine  fibrils,  and  an  inner  part,  homoge- 
neous, or  finely  granular,  and  at  the  membrana  limitans  externa,  directly 
continued  into  a rod  or  cone-fibre,  the  disposition  of  which  in  the 
outer  nuclear  layer  has  been  already  described. 

In  the  outer  segments  of  the  rods  there  can  be  detected  by  the  aid 
of  a powerful  microscope,  besides  a delicate  transverse  striation  (fig. 
422),  corresponding  to  the  superposed  disks  of  which,  as  above  indi- 
cated, they  appear  composed,  also  fine  longitudinal  markings  which 
are  due  to  slight  linear  grooves  by  which  they  arc  marked  in  their 
whole  extent.  Externally  the  segment  projects  into  the  pigmen- 
tary layer  with  a somewhat  rounded-off  extremity.  Internally  it 
is  overlapped  for  a short  distance  by  a delicate  fibrillated  prolongation 
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tw  ZElf  to°  nin,lf,r  Sf0gme-nt;  T!'e  “ntCr  "*“*  of  the  cones 

pei  g1™  ^ to  ,a  blanfc  Point  and  do  not  appear  to  exhibit 
the  superficial  groovings,  but  the  transverse  markings  are  somewhat 
more  evident  than  in  the  rods  (fig.  424),  altlmugh^hey  dHot  so 
i cadiiy  bieak  up  into  the  separate  disks  as  in  the  latter  This 
has  been  accounted  for  by  supposing  the  existence  of  an  excessively 
delicate  membrane  covering  the  whole  of  the  outer  segment  of  the 

In  the  inner  segments,  the  proportion  which  the  fibrillated  part  bears 
to  the  homogeneous  basal  part  differs  in  the  rods  and  cones.  In  the 
iocls  the  fibrils  usually  occupy  only  the  outer  third  of  the  inner  seg- 
ment (hg.  422),  ceasing  abruptly  at  its  junction  with  the  middle  third- 
in  the  cones,  on  the  other  hand,  they  occupy  about  the  outer  two-thirds 
ot  the  segment,  only  the  part  nearest  the  membrana  limitans  remaining 
tree  from  fibrils.  The  fibrils  in  question  are  for  the  most  part  straight 
and  parallel,  and  strongly  refracting.  Sometimes,  in  the  cones,  instead 
ot  tins  outer  part  of  the  inner  segment  appearing  fibrillated,  it  appears 
homogeneous,  but  is  nevertheless  well  marked  off  from  the  inner  part 
by  its  strong  reff activity. 


This  condition  of  a part  of  the  inner  segment  of  the  cones  is  much  better 
marked  m most  of  the  lower  vertebrata,  where  it  is  met  with  as  a distinct  strongly 
refracting  body,  situated  in  the  middle  or  outer  part  of  the  segment,  and  is  known 
from  its  shape  as  the  “ellipsoid/’  Moreovei,  in  these  animals,  the  fibrils  are 
absent  from  the  inner  segments  of  the  rods  also,  a peculiar,  strongly  refracting 
lenticular  body  being-  met  with  at  their  outer  part,  corresponding  to  the 
ellipsoid  of  the  cones.  Further,  in  birds,  reptiles,  and  amphibia,  there  is  found 
in  the  extreme  outer  part  of  the  inner  segment  of  each  cone  a minute  globular 
body,  apparently  of  a fatty  nature,  which  in  some  is  clear  and  colourless,  but  in 
many  cones  is  brightly-coloured  of  a tint  varying  in  different  cones  from  red 
to  green— red  and  yellow  being  the  most  common.  Blue  and  violet  are  not 
met  with,  but  by  the  action  of  iodine  the  colours  of  all  become  changed  to  blue. 
Sometimes  the  whole  inner  segment  is  found  to  be  slightly  tinted  of  the  same 
colour  as  the  “ oil-globule.  ’ In  all  vertebrates  below  mammals,  double-  or  twin- 
cones  are  here  and  there  met  with,  which  resemble  two  cones  joined  near  then- 
base,  but  separate  and  distinct  towards  their  apex.  Numerous  other  differences 
and  peculiarities  are  found  in  animals  : thus  in  birds  the  cones  are  more  nume- 
rous than  the  rods  ; in  many  reptiles  only  cones  are  met  with  % while  in  some 
fishes  (sharks  and  rays),  in  most  nocturnal  mammals,  and  in  the  owl,  the  cones 
are  either  altogether  absent  or  are  but  few  and  rudimentary. 


Fig.  425. 


Fig.  425.— Pigmented  Epithelium  of  the  Human  Retina  (Max  Scliultze.)  Highly 

Magnified. 

a,  cells  seen  from  the  outer  surface  with  clear  liues  of  intercellular  substance  between  ; 
5,  two  cells  seen  in  profile  with  fine  offsets  extending  inwards  ; c,  a cell  still  in  connec- 
into  with  the  outer  ends  of  the  rods. 
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8.  The  pigmentary  layer. — This  layer,  which  hounds  the  retina 
externally,  and  was  formerly  known  as  the  hexagonal  pigment  of  the 
choroid,  consists  of  a single  stratum  of  hexagonal  epithelium  cells 
(fig.  425).  The  outer  surface  of  each  cell — that  which  is  turned 
towards  the  choroid — is  smooth  and  flattened,  and  the  part  of  the  cell 
near  this  surface  is  devoid  of  pigment,  and  usually  contains  the 
nucleus  ; the  inner  boundary,  on  the  other  hand,  is  not  well  marked,  for 
the  substance  of  the  cell,  which  here  is  loaded  with  pigment,  is  pro- 
longed into  excessively  fine,  straight,  filamentous  processes  (fig.  425,  5), 
which  extend  for  a certain  distance  between  and  amongst  the  outer 
segments  of  the  rods  and  cones.  The  pigment  granules  are  placed 
for  the  most  part,  both  in  the  cells  and  cell-processes,  with  their 
long  axes  at  right  angles  to  the  surface  of  the  retina.  The  intervals 
between  the  rods  and  cones  are  only  partially  filled  by  the  processes  of 
the  hexagonal  pigment-cells  ; the  remaining  part  appears  to  be  occu- 
pied by  a clear  pellucid  material  which,  according  to  Henle  and  H.  Muller, 
is  of  a soft  elastic  consistence  during  life  and  in  the  fresh  condition, 
but  soon  liquefies  after  death ; but  according  to  Schwalbe,  would  appear 
to  be  normally  liquid.  In  the  embryo,  between  the  hexagonal  pigment 
and  the  remainder  of  the  retina,  there  is  a distinct  cavity  or  cleft  filled 
with  fluid  (remains  of  primary  optic  vesicle). 


The  sustentacular  tissue  of  the  retina : Mullerian  or  radial 
fibres. — In  addition  to  the  elements  above  described,  which  are  for  the 
most,  part  special  to  the  particular  layer  where  they  occur,  there  are 
certain  other  structures  which  are  common  to  all  the  layers,  passing 
through  the  whole  thickness  of  the  retina  from  the  inner  almost  to  the 
outer . surface,  and,  if  not  actually  themselves  of  the  nature  of  connec- 
tive tissue,  at  least  serving  the  same  kind  of  purpose,  namely,  to  bind 
together  and  support  the  more  essential  and  delicate  structures  of  the 
membiane.  These  sustentacular  fibres  or  fibres  of  Muller,  commence 
at  the  inner  surface  of  the  retina  by  a broad  conical  base  or  foot,  which 
is  not  solid  but  hollowed  out,  the  hollow  being  filled  by  granular  pro- 
toplasmic substance,  and  often  containing  a nucleus.  The  feet  of 
adjoining  fibres  are  united  together  at  their  edges,  so  as  to  °'ive,  in 
vertical  sections  of  the  retina,  the  appearance  of  a distinct  boundary 
line  (fig.  419)  ; this  has  been  named  membrana  limitans  interna,  but,  as 
may  be  inferred  from  the  above  description,  it  is  in  no  way  a continuous 
oi  independent  membrane.  The  fibres  pass  through  the  nerve-  and 
ganglionic  layers,  with  a smooth  contour,  or  with  but  two  or  three  well- 
maiked  lateral  projections  from  which  fine  lamellar  processes  extend 
amongst  the  elements  of  these  layers:  gradually  diminishing  in  size 
they  then  traverse  the  inner  molecular  layer,  without,  according  to 
bchwalbe,  becoming  actually  connected  with  the  soft  substance  which 

nrWl Chmpremlt5  a]-hou°h  in  the  mammalian  retina  the  fibres  are 
Wr.ii  projections  m passing  through  this  layer.  In  the 
nrocL^  W TV  th7  agam  glve  otf  excessively  delicate  flattened 
Fprvftn  ffU’  Sld<Tur  which  Pass  around  the  inner  granules  and 

t • I hUl  , 1Gm'  Moreover,  each  Mullerian  fibre  is  here  charac- 

iripiifirmorl  in  7 a c^ear  oval  or , elliptical  nucleus  (already 

, 1ie  escilpfr°n  of  the  inner  nuclear  layer),  containing  a 

fn  fhp  fihi-P  fr°  a,8’.  ^4  ®ltaated  at  one  side  of,  and  in  close  apposition 
/ f , ■ w noli  it  belongs.  On  reaching  the  outer  nuclear  layer 

(after  passing  through  the  outer  molecular)  the  fibres  of  Muller  break 
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up  into  fine  fibrils  and  thin  transparent  lamellae,  and  in  this  form  they 
pass  outwards  through  the  layer,  between  the  outer  granules  and  the 
rod  and  cone-fibres,  more  or  less  enclosing  these  structures,  and  some- 
times forming  almost  complete,  delicate  sheaths  for  them.  At  the  level 
of  the  bases  or  central  ends  of  the  cones  and  rods,  the  numerous  offsets 
unite  around  those  structures  along  a definite  line  which  marks  the 
boundary  between  the  outer  nuclear  layer  and  the  layer  of  rods  and 
cones,  and  has  been  termed  membram  limitans  exierna.  This  also,  like 
the  m.  1.  interna,  is  in  no  way  a continuous  membrane,  nor  is  it  isolable 
from  the  Mullerian  fibres  ; indeed,  numerous  fine  fibrillar  offsets  of 
these  pass  a short  distance  beyond  the  so-called  limiting  membrane, 
and  closely  invest  the  bases  of  the  inner  segments  of  the  rods  and 
cones. 

The  Mullerian  fibres  sometimes  exhibit  a fine  striation.  They  swell 
up  and  become  indistinct  on  treatment  with  acetic  acid  and  dilute 
alkalies,  but  much  more  slowly  than  connective  tissue  fibrils  ; more- 
over, they  are  not  dissolved  by  boiling  in  water.  They  are  much  less 
developed  in  the  central  and  posterior  part  of  the  retina  than  in  the 
peripheral  and  anterior ; towards  the  ora  serrata  they  are  very  distinct 
and  closely  set. 

Structure  of  the  Macula  lutea  and  fovea  centralis  (fig.  426). — 
The  peculiarities  in  structure  which  these  present  have  been  for  the 
most  part  incidentally  noticed  in  the  preceding  description  of  the  retina 
layers.  Thus  in  the  first  place  no  rods  are  met  with,  and  the  cones  are 


Fig.  426. 


Fig.  426. — Vertical  Section  through  the  Macula  Lutea  and  Fovea  Centralis  ; 

Diagrammatic  (after  Max  Scliultze). 

1 nerve  layer  ; 2,  ganglionic  layer  ; 3,  inner  molecular ; 4,  inner  nuclear  ; anti  5, 
outer  molecular  layers;  6,  outer  nuclear  layer,  the  inner  part  with  only  cone-fibres  oim- 
ing  the  so-callecl  external  fibrous  layer  ; 7,  cones  and  rods. 

much  longer  and  narrower,  especially  opposite  the  fovea  centralis,  than 
elsewhere.  All  the  other  layers  are  very  much  thinned  at  the  fovea, 
but  towards  its  margin  most  of  them  are  thicker  than  at  any  other 
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part  of  the  retina.  The  ganglionic  layer  (2)  is  especially  thickened, 
the  cells  beino-  from  six  to  eight  deep,  bipolar  and  situated  rather 
obliquely.  The  nerve-fibre  layer  (1)  gradually  gets  thinner  towards 
the  edo-e  of  the  fovea,  the  fibres  dipping  in  to  join  the  inner  ends  ot 
the  bipolar  ganglion-cells.  The  fibre  which  passes  from  the  other 
end  of  each  of  the  latter  is  said  to  bifurcate,  each  branch  becoming 
connected  with  a granule  of  the  inner  nuclear  layer  (Merkel).  The 
inner  granules  are  also  somewhat  obliquely  disposed,  aielaige,  and  near 
the  bottom  of  the  fovea,  where  the  layers  of  nerve-cells  and  of  inner 
granules  run  together,  they  can  hardly  be  differentiated  (Hulke).  The 
outer  nuclear  layer  (G)  is  occupied  in  the  greater  part  of  its  thick- 
ness by  the  very  long  and  obliquely  disposed  cone-fibres  ; the  corre- 
sponding nucleated  enlargements  are  only  two  or  three  deep,  and  take 
up  a comparatively  small  portion  of  the  layer. 

The  yellow  tint  of  the  macula  is  deepest  towards  the  centre  : it  is 
due  to  a diffuse  colouring  matter  which  is  seated  in  the  interstices 
between  the  elements  of  the  several  layers,  except  in  the  layer  of  cones 
and  the  outer  nuclear  layer.  It  is  soluble  in  water  or  alcohol,  and 
absorbs  the  blue  and  violet  rays  of  the  spectrum. 

Structure  of  the  ora  serrata  and  pars  ciliaris. — At  the  ora 
serrata  the  numerous  complex  layers  of  the  retina  for  the  most  part 
disappear,  and  in  front  of  the  ora  serrata,  the  retina  is  repre- 
sented merely  by  a single 
stratum  of  elongated  co- 
lumnar cells  with  the 
pigmentary  layer  external 
to  them  ( pars  ciliaris). 

The  transition  is,  in 
man,  somewhat  abrupt, 
all  the  changes  being  met 
within  a zone  of  about 
in.  only  in  breadth. 

Tne  layer  of  rods  and 
cones  (fig.  427 ,g)  first  dis- 
appears, the  cones  continu- 
ing rather  further  than  the 
rods,  but  soon  ceasing ; 
the  nerve-  and  ganglionic- 
layers,  which  were  already 
very  thin  near  the  ora, 
here  cease  altogether  ; 
the  inner  molecular 
layer  (c),  which  is  now 
largely  occupied  by  Mul- 
lerian fibres,  retains  its 
thickness  up  to  a certain 
point,  and  then  suddenly  terminates  with  a rounded  off  margin  («'), 
while  the  nuclear  layers,  outer  and  inner,  (/,  cl),  here  become  merged 
into  a single  layer,  which  is  continuous  with  the  columnar  cells  of 
the  pars  ciliaris.  These  (fig.  427,  on),  which  are  at  first  of  consider- 
able lengthy  become  gradually  shorter  anteriorly ; they  are  finely 
granular  or  striated  in  appearance  (fig.  428,  2),  each  with  a clear  oval 
nucleus  at  the  outer  part  of  the  cell,  near  the  pigmentary  layer.  The 


Fig.  427. 


Fig.  427. — Vertical  Section  through  the  Choroid 
and  Retina  near  the  Ora  Serrata  (Kolliker). 
60  Diameters. 


a,  hyaloid  membrane  ; b,  limiting  membrane  and 
nervous  layer  of  the  retina  ; c,  ganglionic  and  inner 
molecular  layers  with  closely  set  Mullerian  fibres  ; d, 
inner  nuclear  ; e,  outer  molecular  ; f,  outer  nuclear 
layer  ; g,  columnar  layer  ; h,  pigment ; i,  k,  choroid  ; 
1,  part  of  one  of  the  ciliary  processes  ; m,  pars 
ciliaris  of  the  retina.  (The  recess  shown  at  a!  is  not 
constant. ) 
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inner  end  may  be  rounded,  pointed,  square,  or  even  branched ; the 
sides  of  the  cells,  too,  arc  sometimes  uneven. 

These  cells  are  considered  by  Kolliker  to  correspond  with  the  Mullerian  fibres 
of  the  retina,  but  according-  to  Schwalbe  these  fibres,  or  rather  their  united  inner 
ends,  are  more  probably  represented  by  a delicate  membrane,  which  covers  the 
inner  ends  of  the  columnar  cells  and  sends  fine  offsets  around  and  between 
them,  and  which  he  believes  to  be  continuous  with  the  membrana  limitans 
interna. 


Fig.  428. 


1. 


B 


Vessels  of  the  Retina. — A single  artery  ( arteria  centralis  retime) 
passes  between  the  bundles  of  fibres  of  the  optic  nerve  to  the  inner 
surface  of  the  retina  at  the  middle  of  the  papilla  optici  (fig.  418,  a. 

It  is  accompanied  by  the  correspond- 
ing vein  and  soon  divides  into  branches 
(fig.  417),  usually  two,  one  above, 
the  other  below,  each  of  these  again 
dividing  into  two  branches  which 
arch  out  towards  the  sides  ; the  outer 
ones  are  somewhat  the  larger,  and  as 
they  bend  round  the  macula  lutea  they 
send  numerous  fine  branches  into  it 
which  end  at  the  margin  of  the  fovea 
centralis  in  capillary  loops.  The  main 
branches  of  the  vessels  pass  forwards 
in  the  nerve-fibre  layer,  dividing  dichoto- 
mously  as  they  proceed,  and  giving  off 
fine  offsets  to  the  substance  of  the 
retina,  where  they  form  a close  capil- 
lary network,  but  this  does  not  extend 
beyond  the  inner  nuclear  layer.  So  that 
the  outer  retinal  layers  are  entirely  desti- 
tute of  blood-vessels,  and  moreover  the 
vascular  system  of  the  retina  is  nowhere 
in  direct  communication  with  the  choroidal  vessels.  Near  the 
entrance  of  the  optic  nerve,  however,  it  comes  into  communication 
with  some  offsets  from  the  sclerotic  coat,  and  the  choroidal  vessels 
also  send  in  branches,  which  join  the  long-meshed  network  in  the 
optic  nerve  furnished  by  the  central  artery.  The  arteries  of  the 
retina  have  the  usual  coats,  but  the  veins  resemble  capillaries  in 
structure,  their  walls  consisting  of  a single  layer  of  epithelioid  cells. 
Outside  this  layer  is  a space  (perivascular  lymphatic,  His)  both  in 
the  veins  and  capillaries,  bounded  externally  by  a second  epithelioid 
layer  (forming  the  wall  of  the  lymphatic).  Outside  this  again  is  found,  in 
the  case  of  the  veins,  a layer  composed  of  a peculiar  retiform  tissue  ; 
they  appear  to  have  no  plain  muscular  tissue  in  their  wall.  These 
perivascular  lymphatics  are  in  communication  with  the  lymphatics 
of  the  optic  nerve,  and  may  be  filled  by  injecting  coloured  fluid 
underneath  the  sheath  which  that  nerve  derives  from  the  pia  mater. 
Other  lymph-spaces  also  become  injected  by  the  same  process,  viz., 
the  interstices  between  the  nerve  bundles  which  radiate  from  the 
papilla  optici,  the  capillary  space  between  the  limitans  interna  and 
the  hyaloid  membrane  of  the  vitreous  humour,  and  finally  even  the 
irregular  interstice  between  the  pigmentary  layer  and  the  layer  of  rods 
and  cones  (Schwalbe). 


Fig.  428. — A Small  Portion  op 
the  Ciliary  Part  op  the  Re- 
tina (Kolliker).  350  Diameters. 

A,  human  ; B,  from  the  ox  ; 1, 
pigment-cells  ; 2,  cells  forming  the 
pars  ciliaris. 
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Fig.  429. 


THE  VITREOUS  BODY. 

The  vitreous  body,  the  largest  of  the  transparent  parts  through  which 
the  light  passes  to  reach  the  retina,  occupies  the  centre  of  the  eyeball. 
It  is  quite  pellucid  in  aspect,  and  of  a soft  gelatinous  consistence.  Sub- 
globular  in  form,  it.  fills  about  four-fifths  of  the  ball,  and  serves  as  a 
support  for  the  delicate  retina,  but  it  may  be  readily  separated  from  the 
latter,  except  behind,  at  the  entrance  of  the  optic  nerve,  where  the 
connection  is  closer,  the  retinal  vessels  having  here  entered  it  in 
foetal  life.  At  the  fore  part  it  is  hollowed  out  for  the  reception  of  the 
lens  and  its  capsule,  to  which  its  substance  is  closely  adherent. 

The  surface  of  the  vitreous  humour  is  covered  everywhere  except  in 
front  by  a thin  glassy  membrane,  named  hyaloid , which  lies  between 
it  and  the  retina.  No  vessels  enter  the  vitreous  humour  in  the  adult, 
and  its  nutrition  must,  therefore,  be  dependent  on  the  surrounding- 
vascular  structures,  viz.,  the  retina  and  the  ciliary  processes. 

Although  in  the  fresh  state  apparently  structureless,  or  at  least  pre- 
senting under  the  microscope  but  faint  traces  of  structural  elements — 
the  so-called  corpuscles  of  the  vitreous  humour  to  which  we  shall  im- 
mediately recur, — yet  in  preparations  hardened  in  weak  chromic  acid,  or 
acted  upon  in  certain  other  ways,  it  is  possible  to  make  out  a more  or 
less  distinct  lamellation  of  the  vitreous  body,  especially  its  peripheral 
part,  that,  namely,  nearest  the 
retina,  which  part  in  the  human 
eye  has  a somewhat  firmer  con- 
sistence than  the  more  central 
portion.  From  the  appearances 
(fig-.  429)  which  have  been 
obtained  with  such  modes  of 
preparation  it  has  been  con- 
jectured by  various  observers 
that  at  least  in  this  part  the 
vitreous  substance  is  divided 
into  enclosed,  flattened  compart- 
ments by  a number  of  exces- 
sively delicate  membranes  ar- 
ranged concentrically  and  there- 
fore parallel  to  the  surface,  but  the 
existence  of  such  membranous 
partitions  has  not  been  con- 
clusively demonstrated.  That, 
however,  the  vitreous  substance 
does  in  some  way  consist  of  a 
firmer  material — whether  or  not 
in  the  shape  of  continuous  membranes — enclosing  in  its  meshes 
m moie  fluid  portion,  is  shown  by  the  fact  that  if  either  the  whole  or  a 
piece  o t le  viticous humour  be  thrown  upon  a filter,  a small  proportion 
always  remains  upon  the  latter  ; although  by  far  the  larger  part  drains 
away,  and  may  be  collected  as  a clear  watery  fluid. 

'n  addition  to  the  above-mentioned  concentric  striation,  a radial 
marking  has  also  been  observed  in  sections  of  the  human  vitreous 


Fig.  429. — Horizontal  Section  op  the 
Horse’s  Eye,  hardened  in  Chromic 
Acid  (after  Hannover). 

The  vitreous  humour  appears  concentric- 
ally and  meridionally  striated  throughout  its 
whole  depth. 


0,20 


TEE  EYE. 


Fig.  430. 


Fig.  430.  —Transverse 
Section  of  Human 
Eye,  hardener  in 
Chromic  Acid,  show- 
ing Radial  Stri- 
ATION  OF  THE  VlT- 
reous  Body  (after 
Hannover). 


humour,  made  transversely  to  the  axis  of  the  eyeball  (fig.430),  but  whether 
there  is  any  pre-existent  structure  to  account  for  the  appearance  is 
not  known.  It  is  conceivable  that  these  appearances  may  be  merely 

produced  by  the  manner  in  which  the  albuminous 
substance  has  undergone  coagulation  by  the  reagent 
employed. 

However  this  may  be,  there  exists,  nearly  but 
not  quite  in  the  axis  of  the  eye,  a definite  struc- 
ture in  the  shape  of  a distinct  canal,  about  a 
line  in  diameter,  filled  with  fluid  and  extending 
from  the  papilla  optici  to  the  back  of  the  lens  cap- 
sule where  it  apparently  terminates  blindly.  This 
is  the  canalis  hyaloideus  or  canal  of  Stilling.  It 
is  best  shown  in  the  fresh  eye,  and  may  be  also 
injected  by  forcing  a coloured  solution  under  the 
pia-matral  sheath  of  the  optic  nerve  (Schwalbe). 
The  canal  widens  somewhat  towards  its  posterior 
part : its  wall  is  composed  of  an  excessively  deli- 
cate homogeneous  membrane. 

Scattered  about  throughout  the  substance  of  the 
vitreous  humour  are  a variable  number  of  corpuscles,  for  the  most  part 
capable  of  exhibiting  amoeboid  movement  and  many  of  them  apparently 
of  the  nature  of  white  blood  corpuscles.  Some  of  the  cells  here  met  with 
are  remarkable  for  the  very  large  vacuoles  which  they  contain,  and  which 
distend  the  body  of  the  corpuscle,  pushing  the  nucleus  to  one  side  ; 
the  cell  processes  are  for  the  most  part  peculiar  in  possessing  numerous 
little  secondary  bud-like  swellings,  or  they  may  present  a varicose  ap- 
pearance, like  strings  of  pearls.  Similar  bodies  are  also  found  floating 
free  in  the  vitreous  humour.  Iwanhoff  further  describes  other  cells, 
especially  frequent  near  the  periphery,  of  a stellate  and  spindle-shaped 
form  and  possessing  similar  processes. 

The  fluid  collected  from  the  vitreous  humour  consists  chiefly  of 
water ; it  contains,  however,  some  salts  with  a little  albumen,  in  the 
form  of  an  albuminate  of  soda,  and,  in  the  human  eye,  also  traces  ot 
mucin. 

The  hyaloid  membrane  invests,  as  before  mentioned,  the  whole  of 
the  vitreous  humour,  except  in  front,  where  the  membrane  passes 
forwards  to  the  anterior  part  of  the  margin  of  the  lens,  becoming  also 
firmer  in  consistence  and  distinctly  fibrous  in  structure.  1 his  portion 
of  the  hyaloid  is  known  as  the  zonula  of  Zinn,  and  the  suspensory  liga- 
ment of  the  lens  (fig.  431,  z,  1 1).  The  posterior  part,  or  hyaloid  proper, 
is  exceedingly  thin  and  delicate,  and  is  readily  thrown  into  folds  when 
detached.  Under  the  microscope  it  presents  no  appearance  of  struc- 
ture : but,  flattened  against  its  inner  surface  are  generally  to  be  seen 
a number  of  granular  nucleated  corpuscles,  which  exhibit  amoeboid 
movements  : they  appear  to  be  merely  migrated  white  blood  corpuscles. 
The  ciliary  part  or  zonula,  on  the  other  hand,  presents  radiating 
meridional  fibres,  stiff  in  appearance,  and  apparently  intermediate  m 
character  between  elastic  and  white  fibres  of  connective  tissue ; they 
commence  generally  about  opposite  the  ora  serrata,  and  confer  con- 
siderable stoutness  upon  this  portion  of  the  hyaloid  membrane,  which 
here,  as  its  name  implies,  assists  in  supporting  the  lens  to  the  capsule 
of  which  it  is  anteriorly  firmly  attached.  Moreover,  this  part  ot  the 
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hyaloid,  being  opposite  to  the  ciliary  processes,  differs  from  the  rest  in 
the  fact  tlmt°  instead  of  presenting  a smooth  and  even  surface,  it 
exhibits,  when  separated,  small,  regular  folds— processus  ciliares  zonulas— 


Fig.  431. 


Fig.  431. — Sectional  view  op  the  Connections  op  the  Cornea,  Sclerotic,  Iris, 
Ciliary  Muscle,  Ciliary  Processes,  Hyaloid  Membrane  and  Lens,  f 

The  specimen  extends  from  tlie  middle  of  the  lens  to  the  ora  serrata  on  the  inner  side 
of  the  right  eye.  C,  cornea  ; cs,  conjunctiva  ; ce,  epithelium  of  the  conjunctiva  ; dp, 
posterior  elastic  layer  ; le,  ligamentum  pectinatum  iridis  ; S,  sclerotic  ; A,  the  aqueous 
chamber ; ap,  the  recess  forming  the  posterior  division  of  the  aqueous  chamber ; SV,  canal 
of  Schlemm  ; ir,  radiating  muscle  of  the  iris  ; io,  divided  fibres  of  the  sphincter  muscle  ; 
u,  pigment  layer  or  uvea  ; In,  centre  of  the  crystalline  lens  ; Ic,  capsule  of  the  lens  ; Ice, 
layer  of  cells  in  front  of  the  lens  ; civ,  radiating  ciliary  muscle  ; cio,  divided  annular 
fibres  ; ap,  ciliary  process  ; Ch,  choroid  ; R,  retina  ; o,  ora  serrata  ; vc,  the  ciliary  part 
of  the  retina  ; h,  hyaloid  membrane  ; P,  canal  of  Petit ; Z,  zonule  of  Zinn;  II,  suspensory 
ligament  of  the  lens  proceeding  from  the  hyaloid  covering  the  ciliary  process  towards 
the  front  of  the  capsule  of  the  lens ; an,  anterior  margin  of  the  vitreous  humour,  V. 

(in  tlie  intervals  of  which  a small  amount  of  pigment  commonly  remains 
attached):  these  fit  closely  into  the  intervals  between  the  true  ciliary  pro- 
cesses. Between  the  last  named  and  the  lens  the  ligament  is  free  from 
plaits,  and  forms  part  of  the  posterior  boundary  of  the  aqueous  chamber. 
Its  posterior  surface  is  turned  towards  the  vitreous  humour,  but  is  sepa- 
rated from  the  latter  near  the  lens  by  a zonular  space,  triangular  in 
section  named  the  canal  of  Petit  (fig.  431,  p).  During  life,  in  all 
probability,,  the  vitreous  humour  extends  into  and  almost  or  entirely 
occupies  this  space  ; but  after  death  it  may  be  injected  with  fluid  or 
distended  with  air  : if  this  be  done  after  removal  of  the  anterior  parts 
which  support  and  enclose  it,  the  folds  of  the  suspensory  ligament  on 
its  front  are  distended,  and  the  canal  presents  a sacculated  appearance, 
as  m fig.  432.  * 
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According  to  another  and  more  generally  received  account  the  hyaloid  mem- 
brane divides  in  front  into  two  layers ; an  anterior,  continued  forwards  as  the 
zonule  of  Zinn,  and  a posterior,  passing  behind  the  lens  ; the  canal  of  Petit  being 
contained  between  them. 


Fig.  432. 


Fig.  432. — View  from  before  of  the  Canal  of  Petit 
inflated  (from  Sappey). 

The  anterior  parts  of  the  sclerotic,  choroid,  iris  and  cornea 
having  been  removed,  the  remaining  parts  are  viewed  from 
'before,  and  the  canal  of  Petit  has  been  inflated  with  air 
through  an  artificial  opening.  1,  front  of  the  lens  ; 2, 
vitreous  body  ; 3,  outer  border  of  the  canal  of  Petit  ; 4,  outer 
part  of  the  zonule  of  Zinn  ; 5,  appearance  of  sacculated 
dilatations  of  the  canal  of  Petit. 


THE  LEE’S. 

The  lens  ( lens  crystallina)  is  a transparent  solid  body,  of  a doubly 
convex  shape,  with  the  circumference  rounded  off.  It  is  completely 
enclosed  by  a transparent  elastic  membrane  known  as  the  capsule  of 
the  lens.  The  anterior  surface  is  in  contact  with  the  iris  towards  the 
pupil,  receding  from  it  slightly  at  the  circumference  ; the  posterior 


Fig.  433. 
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Fig.  433. — Outlines  illustrating  the  Course  of  the  Fibres  in  the  Fcetal 

Crystalline  Lens.  { 


This  diagram  represents  the  typical  or  more  simple  state  of  the  fibres  in  the  full- 
grown  foetal  or  infantile  condition  ; the  three  dotted  lines  radiating  a equa  anb  es  c 
120°  from  the  centre  indicate  the  position  of  the  intersecting  planes,  where  they  reach 
the  surface  ; the  figures  1,  2,  3,  4,  5,  and  6,  indicate  certain  fibres  selected  arbitrarily  at 
equal  distances  in  one-sixth  part  of  the  lens  to  show  their  course  from  the  front  to  the 
back  ; A,  the  anterior  surface  ; B,  the  posterior  surface  ; C,  the  lateral  aspect  : m these 
several  figures,  for  the  sake  of  clearness,  a few  lines  only  are  introduced  into  the  upper 
third  while  in  the  lower  two-thirds  a greater  number  are  marked  ; but  no  attempt  is 
made  to  represent  the  number  existing  in  nature  ; the  parts  of  the  dotted  line  marked 
c are  on  a level  with  the  centre  of  the  several  lenses. 


rests  closely  on  the  vitreous  body.  Around  the  circumference  is  the 
canal  of  Petit.  Its  convexity  is  not  alike  on  the  two  surfaces,  being 
greater  behind  ; moreover,  the  curvature  is  less  at  the  centre  than 
towards  the  margin.  It  measures  about  Jrd  of  an  inch  across,  and 
xth  from  before  backwards.  In  a fresh  lens,  divested  of  its  capsule, 
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the  outer  portion  is  soft  and  easily  detached ; the  succeeding  layers 
are  of  a firmer  consistence ; and  in  the  centre  the  substance  becomes 
much  harder,  constituting  the  so-called  nucleus.  On  the  anterior  and 
posterior  surfaces  are  faint  white  lines  directed  from  the  poles  towards  the 
circumference ; these  in  the  adult  are  somewhat  variable  and  numerous 

Fig.  434.  Fig.  436. 


Fig.  434. — Front  View  of  the  Fibrous 
Structure  of  the  Adult  Lens  (from 
Sappey  after  Arnold).  § 

In  this  figure  more  numerous  planes  of 
intersection  of  the  fibres  are  shown  than  in 
fig.  433. 


Fig.  435. 


Fig.  *435. — Laminated  Structure  of  the 
Crystalline  Lens,  shown  after  hard- 
ening in  Alcohol  (Arnold),  a 


a 


on  the  surface  (fig.  434),  but  in  tl: 
foetal  lens  throughout,  and  towarc 
the  centre  of  the  lens  in  the  adul 
they  aie  three  in  number,  diver^in 
from  each  other  like  rays  at  earn 
angles  of  120  (fig.  433,  B ancj  c 
ihe  lines  at  opposite  poles  have  a 
alternating  position  (not  benm  ove 
one  another),  thus  of  those  se°en  o 
the  posterior  surface,  one  is  directe 
vertically  upwards  (fig.  433,  b),  an 
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Fig.  436. — Fibres  of  the  Crystal- 
line Lens.  350  Diameters. 

A,  longitudinal  view  of  the  fibres  of 
the  lens  from  the  ox,  showing  the  ser- 
rated edges.  B,  transverse  section  of 
the  fibres  of  the  lens  from  the  human 
eye  (from  Kolliker).  C,  longitudinal 
view  of  a few  of  the  fibres  from  the 
equatorial  region  of  the  human  lens 
(from  Henle).  Most  of  the  fibres  in  C are 
seen  edgeways,  and,  towards  1,  present 
the  swellings  and  nuclei  of  the  ‘ ‘ nuclear 
zone  ; ” at  2,  the  flattened  sides  of  two 
fibres  are  seen. 
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the  other  two  downwards  and  to  cither  side,  whereas  those  on  the 
anterior  surface  are  directed  one  directly  downwards  and  the  other 
two  upwards  and  to  the  sides  (a).  These  lines  are  the  edges  of  planes 
or  septa  within  the  lens  diverging  from  the  axis,  and  receiving  the  ends 
of  the  lens-fibres,  which  here  abut  against  one  another.  As  Tweedy 
has  pointed  out,  they  may  be  seen,  by  the  aid  of  the  ophthalmoscope, 
even  during  life. 


STRUCTURE  OP  THE  LENS  AND  ITS  CAPSULE. 

When  the  lens  has  been  hardened  and  the  capsule  removed,  a succes- 
sion of  concentric  laminae  may  be  detached  from  it  like  the  coats  from 
an  onion.  They  are,  however,  not  continuous  all  round  as  a rule, 
being  apt  to  separate  into  parts  opposite  the  radiating  lines  above 
described  (fig.  435).  The  laminae  are  composed  of  long,  riband-shaped, 
microscopic  fibres,  -rooo  inch  broad,  which  adhere  together  by  their 
edges,  the  latter  being  often  finely  serrated  (fig.  436,  a),  and  pass  in  a 
curved  direction  (fig.  436,  c),  from  the  intersecting  planes  of  the  anterior 
half  of  the  lens  to  those  of  the  posterior  half,  or  vice  versd : in  this 
course  no  fibre  passes  from  one  pole  to  the  other,  but  those  fibres  which 
begin  near  the  pole  or  centre  of  one  surface,  terminate  near  the  mar- 
ginal part  of  a plane  on  the  opposite  surface,  and  conversely  ; the  inter- 
vening fibres  passing  to  their  corresponding  places  between.  The 
arrangement  will  be  better  understood  by  a reference  to  fig.  433,  c,  where 
the  course  of  the  fibres  is  diagrammatically  indicated. 

The  lens  fibres,  as  the  history  of  their  development  shows,  are  to  be 
looked  upon  as  very  'inu.ch  elongated  cells.  In  the  young  state  each  has 
a clear  oval  nucleus,  but  in  the  fully-formed  lens  the  nuclei  have  dis- 
appeared from  the  fibres  which  form  the  more  internal  parts  of  the  lens, 
and  only  remain  in  the  most  superficial  layers.  Here  they  are  found, 
not  quite  in  the  middle  of  each  fibre,  but  slightly  nearer  the  anterior 
end,  their  situation  nearly  corresponding  in  adjacent  fibres,  and  they 
form  by  their  juxtaposition  the  so-called  “ nuclear  zone  ” around  the 
lens.  The  superficial  fibres  further  differ  from  the  more  deeply  seated 
ones  in  being  softer,  and  in  possessing  a plain,  unserrated  margin. 

The  extremities  of  all  the  fibres  are  softer  and  more 
readily  acted  on  by  reagents  than  the  middle  parts, 
and  the  axial  or  more  internal  part  of  a fibre  more 
so  than  the  external,  but  the  transition  is  gradual 
from  one  to  the  other,  and  there  is  no  definite 
membrane  enclosing  each  fibre.  The  lens-fibres 
when  cut  across  are  seen  to  be  six-sided  prisms 
(fig.  436,  b).  By  reason  of  this  shape,  and  the 
serrations  of  their  edges,  they  fit  very  exactly  the 
one  to  the  other  with  but  little  intcrfibrillar 
cementing  substance  between.  This  is.  met  with 
in  rather  larger  quantity  in  the  intersecting  planes 
between  the  ends  of  the  fibres.  In  fishes,  and  some 
other  animals,  the  edges  of  the  lens-fibres  are 
much  more  distinctly  and  regularly  toothed  than 
in  man. 

At  the  back  of  the  lens  the  fibres  are  directly  in  contact  with  the 
inner  surface  of  the  capsule,  but  in  front  they  are  separated  from  the 
latter  by  a single  layer  of  flattened,  polygonal,  nucleated  cells  (fig.  437), 


Fig.  437. 


Fig.  437. — Cells  ly- 
ing BETWEEN  THE 

Lens  and  its  Cap- 
sule (from  Bow- 
man).  — 
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which  covers  the  whole  anterior  surface  underneath  the  capsule.  To- 
wards the  edge  or  equator  of  the  lens  the  appearance  and  character 
of  these  cells  undergo  a change : they  first  gradually  take  on  a columnar 
form,  and  then,  becoming  more  and  more  elongated,  present  every 
transition  to  the  nucleated  lens-fibres  of  the  superficial  layers,  into 
which  they  are  directly  continuous.  This  transition  is  more  gradual 
and  easily  traced  in  the  lens  of  some  animals  than  in  man  (see  fig.  438). 


Fig.  438. 


Transition  of  the  Epithelium  into  the  Lens-fibres  (Babuchin). 

The  capsule  of  the  lens  is  a transparent,  structureless  membrane, 
somewhat  brittle  and  elastic  in  character,  and  when  ruptured  the  edges 
roll  outwards.  It  is  very  permeable  to  fluid,  and  in  chemical  reactions 
appears  to  be  intermediate  between  elastic  and  white  connective  tissue, 
for  it  is  slowly  acted  on  by  acids  and  dissolves  by  long  boiling  in  water, 
but  the  solution  does  not  gelatinize  in  the  cold.  The  body  of  the  lens 
itself  contains  about  60  per  cent,  water,  and  30  per  cent,  solid  matter  ; 
chiefly  albuminoids. 

The  fore  part  of  the  capsule,  from  about  inch  from  the  circumference, 
where  the  suspensory  ligament  joins  it,  is  much  thicker  than  the  back  : at  the 
posterior  pole  of  the  lens  the  capsule  is  very  thin  indeed.  In  the  adult  it,  like 
the  lens  itself,  is  entirely  non-vascular,  but  in  the  foetus  there  is  a network  of 
vessels  in  the  capsule,  supplied  by  the  terminal  branch  of  the  arteria  cen- 
tralis retime,  which  passes  from  the  optic  papilla  through  the  canal  of  Stilling 
in  the  vitreous  humour  to  reach  the  back  of  the  capsule,  where  it  divides 
into  radiating-  branches.  After  forming  a fine  network,  these  turn  round  the 
margin  of  the  lens  and  extend  forwards  to  become  continuous  with  the  vessels 
in  the  pupillary  membrane  and  iris. 

After  death  a small  quantity  of  fluid  (liquor  Morgagni)  frequently  collects 
between  the  back  of  the  lens  and  the  capsule  : it  appears  to  be  derived  from 
the  breaking  down  of  the  lens  fibres.  There  is  no  epithelium  in  this  situation 
as  in  front. 


^ Changes  in  the  lens  by  age. — In  the 

foetus,  the  lens  is  nearly  spherical  (fig.  439,  a) : 
it  has  a slightly  reddish  colour,  is  not  perfectly 
transparent,  and  is  softer,  and  more  readily 
broken  down  than  at  a more  advanced  age. 

In  the  adult,  the  anterior  surface  of  the  lens 
becomes  more  obviously  less  convex  than  the 
posterior  (fig.  439,  b) ; and  the  substance  of  the 
lens  is  firmer,  colourless,  and  transparent. 

In  old  age,  it  is  more  flattened  on  both 
surfaces  (c) ; . it  assumes  a yellowish  or  amber 
tinge,  and  is  apt  to  lose  its  transparency  as 
it  gradually  increases  in  toughness  and  specific 
gravity.  1 


Fig.  439. 

a b c 

o 0 § 

Fig.  439. — Side  View  of 
the  Lens  at  Different 
Ages. 

a,  at  birth  with  the 
deepest  convexity ; b,  in 
adult  life  with  medium 
convexity  ; c,  in  old  age 
with  considerable  flatten- 
ing of  the  curvatures. 
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AQUEOUS  HUMOUR  AND  ITS  CHAMBER. 

The  aqueous  humour  fills  the  space  in  the  fore  part  of  the  eyeball, 
between  the  capsule  of  the  lens  with  its  suspensory  ligament  and  the 
cornea.  It  differs  little  from  water  in  its  physical  characters ; but  it 
contains  a small  quantity  of  some  solid  matter,  chiefly  chloride  of 
sodium,  dissolved  in  it.  The  iris,  resting  in  part  upon  the  lens,  divides 
the  aqueous  chamber  partially  into  two,  named  respectively  the  anterior 
and  ’posterior  chambers.  This  subdivision  is  incomplete  in  the  adult, 
but  in  the  foetus  before  the  seventh  month  it  is  completed  by  the  mem- 
brana  pupillaris,  which,  by  its  union  with  the  margin  of  the  pupil, 
closes  the  aperture  of  communication  between  the  two  chambers. 

The  anterior  chamber  is  limited  in  front  by  the  cornea  and  behind 
by  the  iris,  while  opposite  the  pupil  it  is  bounded  by  the  front  of  the 
lens  and  capsule. 

The  posterior  chamber  was  originally  so  named  in  the  belief  that  a 
distinct  free  space  intervened  between  the  iris  and  the  capsule  of  the 
lens.  It  is  now,  however,  well  ascertained  by  observations  on  the  living 
eye,  and  by  sections  made  in  the  frozen  state,  that  the  iris  comes  into 
contact  with  the  capsule  of  the  lens,  both  at  the  pupillary  margin  and 
at  the  adjoining  part  of  the  posterior  surface ; and  the  term  posterior 
chamber  can  therefore — unless  it  be  employed  to  indicate  the  want  of 
continuity  between  those  opposed  structures,  where  no  space  actually 
intervenes — only  be  applied  to  the  angular  interval  existing  at  the 
circumference  between  the  ciliary  processes,  the  iris,  and  the  suspensory 
ligament.* 

THE  EAR. 


The  organ  of  hearing  is  divisible  into  three  parts  : the  external 
ear  (fig.  440,  1,  2),  the  tympanum  or  middle  ear  (3),  and  the  labyrinth 
or  internal  ear  (6).  The  first  two  of  these  are  to  be  considered  as 
accessories  to  the  third,  which  is  the  sentient  portion  of  the  organ. 

THE  EXTERNAL  EAR. 

In  the  external  ear  are  included  the  pinna — the  part  of  the  outer  ear 
which  projects  from  the  side  of  the  head — together  with  the  meatus  or 
passage  which  leads  thence  to  the  tympanum,  and  which  is  closed  at 
its  inner  extremity  by  a membrane  (membrana  tympani)  interposed 
between  it  and  the  middle  ear. 


THE  PINNA. 

Superficial  configuration. — The  general  form  of  the  pinna  or 
auricle,  as  seen  from  the  outside,  is  concave,  to  fit  it  for  collecting  and 
concentrating  the  undulations  of  sound,  but  it  is  thrown  into  various 
elevations  and  hollows,  to  which  distinct  names  have  been  given.  The 
largest  and  deepest  concavity,  a little  below  the  centre  of  the  organ,  is 
calfed  the  concha  (fig.  441,  7) ; it  surrounds  the  entrance  to  the  external 
auditory  meatus,  and  is  unequally  divided  at  its  upper  and  anterior 
part  by  a ridge,  which  is  the  beginning  of  the  helix.  In  front  of  the 

* For  the  most  recent  ancl  complete  account  of  the  anatomy  of  all  the  parts  composing 
and  connected  with  the  organ  of  vision  the  reader  is  referred  to  the  elaborate  artic lee i by- 
Merkel,  Waldeyer,  Schwalbe,  Iwanoff,  and  Arnold,  in  Graefe  and  Saemisch  s Handbuct 
der  gesammten  Augenheilkunde  ; which,  we  may  add,  has  been  freely  consulted  in  com 
juling  the  present  description. 
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Fig.  440. 


Fig.  440. — Diagrammatic  View  from  before  of  the  Parts  composing  the  Organ 
of  Hearing  of  the  Left  Side  (after  Arnold). 

The  temporal  bone  of  the  left  side,  with  the  accompanying  soft  parts,  has  been  detached 
from  the  head,  and  a section  has  been  carried  through  it  transversely  so  as  to  remove  the 
front  of  the  meatus  externus,half  the  tympanic  membrane,  and  the  upper  and  anterior  wall 
of  the  tympanum  and  Eustachian  tube.  The  meatus  internus  has  also  been  opened,  and 
the  bony  labyrinth  exposed  by  the  removal  of  the  surrounding  parts  of  the  petrous  bone. 
1,  the  pinna  and  lobe  ; 2 to  2',  meatus  extemus  ; 2',  inembrana  tympani  ; 3,  cavity  of  the 
tympanum  ; 3',  its  opening  backwards  into  the  mastoid  cells  ; between  3 and  3',  the  chain 
of  small  boues ; 4,  Eustachian  tube  ; 5,  meatus  internus  containing  the  facial  (upper- 
most)  and  the  auditory  nerves  ; 6,  placed  on  the  vestibule  of  the  labyrinth  above  the 
fenestra  ovalis  ; a,  apex  of  the  petrous  bone  ; b,  internal  carotid  artery  ; c,  styloid  pro- 
cess  ; a,  facial  nerve  issuing  from  the  stylo-mastoid  foramen  ; e,  mastoid  process  ; f 
squamous  part  of  the  bone  covered  by  integument. 


Fig.  441. — Outer  Surface  of  the  Pinna  of  the  Right  Fm  441 

Auricle.  § 

1,  helix  ; 2,  fossa  of  the  helix  ; 3,  antihelix  ; 4,  fossa  of 
the  antihelix ; 5,  antitragus  ; 6,  tragus  : 7,  concha  ; 8, 
lobule. 

concha,  and  projecting  backwards  over  the 
meatus  auditorius,  is  a conical  prominence,  the 
/rayws  ( fig.  441,  6),  covered  usually  with  hairs. 

Hehind  this,  and  separated  from  it  by  a deep 
notch  (incisura  intertragica),  is  another  smaller 
elevation,  the  antitragus  (5).  Beneath  the 
antitragus,  and  forming  the  lower  end  of  the 
auricle,  is  the  lobule  (8),  which  is  devoid  of  the 
firmness  ancl  elasticity  that  characterise  the 
lest  of  the  pinna.  The  thinner  and  larger  por- 
tion of  the  pinna  i8>  bounded  by  a prominent 
and  incurved  margin,  the  helix  (i),  which 
springing  above  and  rather  within  the  tragus,’ from  the  hollow 


of  the 
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concha,  surrounds  the  upper  and  posterior  margin  of  the  auricle,  and 
gradually  loses  itself  in  the  hack  part  of  the  lobule.*  Within  the  helix 
is  another  curved  ridge,  the  antihelix  (3),  which,  beginning  below  at  the 
antitragus,  sweeps  round  the  hollow  of  the  concha,  forming  the  posterior 
boundary  of  that  concavity,  and  is  divided  superiorly  into  two  diverging 
ridges.  Between  the  helix  and  the  antihelix  is  a narrow  curved  groove, 
the  fossa  of  the  helix  (fossa  innominata,  scaphoidea)  (2) ; and  in  the 
fork  of  the  antihelix  is  a somewhat  triangular  depression,  the  fossa  of 
the  antihelix  (fossa  triangularis  vel  ovalis)  (4). 

Structure. — The  pinna  consists  mainly  of  yellow  fibro-cartilage 
and  integument,  with  a certain  amount  of  adipose  tissue.  It  has 
several  ligaments  and  small  muscles  of  minor  importance. 

The  shin  covering  it  is  thin,  closely  adherent  to  the  cartilage,  and 
contains  sebaceous  follicles,  which  are  most  abundant  in  the  hollows  of 
the  concha  and  scaphoid  fossa. 

The  cartilage  (figs.  442,  448)  forms  a thin  plate,  presenting  all  the 
inequalities  already  described  as  apparent  on  the  outer  surface  of 
the  pinna,  and  on  its  cranial  surface  having  prominences  the  reverse 
of  the  concha  and  the  fossa  of  the  helix,  while  between  these  is  a 
depression  in  the  situation  of  the  antihelix.  The  cartilage  is  not 
confined  to  the  pinna,  but  enters  likewise  into  the  construction  of 
the  outer  part  of  the  external  auditory  canal.  When  dissected  from 
other  structures,  it  is  seen  to  be  attached  by  fibrous  tissue  to  the  rough 
and  prominent  margin  of  the  external  auditory  meatus  of  the  temporal 
bone.  The  tubular  part  is  cleft  in  front  from  between  the  tragus 
and  fore  part  of  the  helix  inwards  to  the  bone,  the  deficiency  being 
filled  with  fibrous  membrane ; the  whole  cartilage  may  be  looked 
upon  as  an  elongated  plate,  the  lower  part  of  which  is  folded  round 
in  front  so  as  to  bring  it  nearly  into  contact  with  the  upper  part. 
There  is  no  cartilage  in  the  lobule  : it  contains  only  fat  and  tough 
connective  tissue.  Behind  the  prominence  of  cartilage  which  forms 
the  antitragus  is  a deep  notch,  separating  it  from  the  cartilage  of  the 
helix,  which  here  forms  a tail-like  process  descending  towards  the 
lobule  (fig.  443).  At  the  fore  part  of  the  pinna,  opposite  the  first  bend 
of  the  helix,  is  a small  conical  projection  of  the  cartilage,  called  the 
'process  of  the  helix , to  which  the  anterior  ligament  is  attached.  Behind^ 
this  process  is  a short  vertical  slit  in  the  helix  ; and  on  the  suitace  oi 
the  tragus  is  a similar  but  somewhat  longer  fissure.  A deep  fissuic^ 
passes  back  between  the  commencement  of  the  helix  and  the  tube  ot 
the  ear,  and  another  passing  outwards  and  backwards  from  the  deep 
end  of  the  longitudinal  cleft  separates  the  part  forming  the  tragus  from 
the  rest  of  the  tube,  so  that  the  tube  is  continuous  with  the  pinna  only 
by  means  of  a narrow  isthmus.  One  or  two  other  irregular  gaps  or 
fissures  partially  divide  the  cartilaginous  tube  transversely,  and  the 
whole  of  these  deficiencies  are  termed  fissures  of  San  torini,  The  sub- 
stance of  the  cartilage  is  very  pliable,  and  is  covered  by  a firm  fibrous 

perichondrium.  . ... 

Of  the  ligaments  of  the  pinna,  the  most  important  are  two,  wmcn 


* A slight  -pointed  projection  which  is  occasionally  observed  in  the  human  subject  at 
the  margin  of  the  helix  (at  a place  indicated  by  the  asterisk  in  fig.  441)  is  of  interest 
as  representing  the  much  more  distinct  pointed  extremity  met  with  in.  the  expanded  eais 
5 qKpS  (Darwin,  “The  Descent  ct  Man,"  2nd  edition  P-  }*)■  !«■» 

question  happens  to  be  distinctly  seen  in  the  cartilage  represented  in  fig.  442. 
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assist  in  attaching  it  to  the  side  of  the  head.  The  anterior  ligament, 
broad  and  strong,  extends  from  the  process  of  the  helix  to  the  root  of 
the  zygoma.  The  posterior  ligament  fixes  the  back  of  the  auricle 
(opposite  the  concha)  to  the  outer  surface  of  the  mastoid  process  of  the 
temporal  bone.  A few  fibres  attach  the  tragus  also  to  the  root  of  the 
zygoma.  Ligamentous  fibres  are  likewise  placed  across  the  fissures  and 
intervals  left  in  the  cartilage. 

Of  the  muscles  of  the  pinna,  those  which  are  attached  by  one  end  to 
the  side  of  the  head,  and  move  the  pinna  as  a whole,  have  been  already 
described  (vol.  i.) : there  remain  to  be  examined  several  smaller  mus- 
cles, composed  of  thin  layers  of  pale-looking  fibres,  which  extend  from 
one  part  of  the  pinna  to  another,  and  may  be  named  the  special  muscles 
of  the  organ.  Six  such  small  muscles  are  distinguished ; four  being 
placed  on  the  outer  and  two  on  the  inner  or  deep  surface  of  the  pinna. 

The  smaller  muscle  of  the  helix  (fig.  442,  1)  is  a small  bundle  of  ob- 
lique fibres,  lying  over,  and  firmly  attached  to,  that  portion  of  the  helix 
which  springs  from  the  bottom  of  the  concha. 

The  greater  muscle  of  the  helix  (fig.  442,  2)  lies  vertically  along  the 
anterior  margin  of  the  pinna.  By  its  lower  end  it  is  attached  to  the 
process  of  the  helix  ; and  above,  its  fibres  terminate  opposite  the  point 
at  which  the  ridge  of  the  helix  turns  backwards. 

The  muscle  of  the  tragus  (fig.  442,  3)  is  a flat  bundle  of  short  fibres 
covering  the  outer  surface  of  the  tragus : its  direction  is  nearly  vertical. 

The  muscle  of  the  antitragus  (fig.  442,  4)  is  placed  obliquely  over  the 
antitragus  and  behind  the  lower  part  of  the  antihelix.  It  is  fixed  at 

Fig.  442. — Cartilage  op  the 
Pinna  exposed,  with  the 
Muscles  on  its  Outer  Sur- 
face. 

1,  musculus  lielicis  minor ; 

2,  in.  lielicis  major  ; 3,  tra- 
gicus ; 4,  antitragicus. 


Fig.  443.  —Inner  Surface  of 
the  Cartilage  of  the 
Pinna  with  the  Small 
Muscles  attached. 

5,  transversus  auriculas 
muscle  ; 6,  obliquus  auriculas 
muscle. 


Fig.  442.  Fig.  443. 


one  end  to  the  antitragus,  from  which  point  its  fibres  ascend  to  be 

inserted  into  the  tail-like  extremity  of  the  helix,  above  and  behind  the 
lobule. 

The  transverse  muscle,  (fig.  443,  5)  lies  on  the  inner  or  cranial  surface 

? i ie  Piana>  and  consists  of  radiating  fibres  which  extend  from  the 

ac  v 0 ?01?I:,  ia  the  prominence  which  corresponds  with  the 

groove  of  the  helix.  L 

n °Mirlu®  muscle  (Tod)  (fig.  443,  6)  consists  of  a few  fibres  stretching 
lorn  o back  of  the.  concha  to  the  convexity  directly  above  it,  across 
the  back  of  the  inferior  branch  of  the  antihelix,  and  near  the  fibres  of 
the  transverse  muscle. 
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Vessels  and  nerves  of  the  pinna.' — The  posterior  auricular  artery . a branch 
from  the  external  carotid,  is  distributed  chiefly  on  the  posterior  or  inner  surface, 
but  sends  small  branches  round  and  through  the  cartilage  to  ramify  on  the  outer 
surface  of  the  pinna.  Besides  this  artery,  the  auricle  receives  others — the  ante- 
rior auricular  from  the  temporal  in  front,  and  a small  artery  from  the  occipital 
behind. 

The  veins  correspond  much  in  their  course  with  the  arteries.  They  join  the 
temporal  vein,  and  their  blood  is  returned  therefore  through  the  external  jugular. 

The  great  auricular  nerve,  from  the  cervical  plexus,  supplies  the  greater  part 
of  the  back  of  the  amide,  and  sends  small  filaments  with  the  posterior  auricular 
artery  to  the  outer  surface  of  the  lobule  and  the  part  of  the  ear  above  it.  The 
posterior  auricular  nerve  derived  from  the  facial,  after  communicating  with  the 
auricular  branch  of  the  pnemnogastric,  ramifies  on  the  back  of  the  ear  and  sup- 
plies the  retrahent  muscle.  The  upper  muscles  of  the  amide  receive  their  supply 
from  the  temporal  branches  of  the  same  nerve.  The  auriculo-temporal  branch  of 
the  third  division  of  the  fifth  nerve  gives  filaments  chiefly  to  the  outer  and  ante- 
rior surface  of  the  pinna. 


THE  EXTERNAL  AUDITORY  CANAL. 


The  external  auditory  canal,  meatus  auditorius  externus  (fig.  440), 
extends  from  the  bottom  of  the  concha  (2)  to  the  membrane  of  the 
tympanum  (2'),  and  serves  to  convey  the  vibrations  of  sound  to  the 
middle  chamber  of  the  ear.  The  canal  is  about  one  inch  and  a quarter 
in  length.  In  its  inward  course  it  is  inclined  somewhat  forwards 
(fig.  444) ; and  it  presents  likewise  a distinct  vertical  curve  (fig.  440), 

being  directed  at  first  somewhat  up- 
Fig.  444.  wards,  and  afterwards  turning  over  a 


Fig.  444. — View  of  the  Lower 
Half  of  the  Auricle  and 
Meatus  in  the  Left  Ear  divided 
by  a Horizontal  Section  (after 
Sommerring). 

1 and  2,  cut  surfaces  of  the  bony 
part  of  the  meatus  ; 3,  cut  surface  of 
the  cartilage  of  the  pinna ; 4,  external 
meatus  with  the  openings  of  nume- 
rous ceruminous  glands  indicated  ; 

5,  lobule  ; 6,  membrane  of  the 
tympanum  ; 7,  dura  mater  lining  of 
the  skull. 

and  rather  narrower  than  the 


convexity  of  the  osseous  part  of  its  floor, 
and  dipping  downwards  to  its  termina- 
tion,— a change  of  direction  which  must 
be  borne  in  mind  by  the  surgeon  in  in- 
troducing specula  into  the  ear.  The 
calibre  of  the  passage  is  smallest  about 
the  middle.  The  outer  opening  is  largest 
from  above  downwards,  but  the  inner 
end  of  the  tube  is  slightly  widest  in  the 
transverse  direction.  At  the  inner  ex- 
tremity the  tube  is  terminated  by  the 
membrana  tympani,  which  is  placed 
obliquely,  with  the  inferior  margin  in- 
clined towards  the  mesial  plane;  and 
thus,  as  shown  in  fig.  440,  the  floor  of 
the  meatus  is  longer  than  its  roof. 

The  meatus  is  composed  of  a tube 
partly  cartilaginous  and  partly  osseous, 
and  is  lined  by  a prolbngation  of  the 
skin  of  the  pinna. 

The  cartilaginous  part  occupies  some- 
what less  than  half  the  length  of  the 
passage.  It  is  formed  by  the  deep  part 
of  the  cartilage  of  the  pinna,  already 
described. 

The  osseous  portion  is  a little  longer 
cartilaginous  part.  At  its  inner  end  it 
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presents  a narrow  groove,  which  extends  round  the  sides  and  flooi 
of  the  meatus,  but  is  deficient  above  ; into  this  the  margin  of  the 

membrana  tympani  is  inserted.  _ ...  . 

The  skin  of  the  meatus  is  continuous  with  that  covering  the  pinna, 
but  is  very  thin,  especially  in  the  osseous  pait,  and  becomes  gradually 
thinner  towards  the  bottom  of  the  passage.  In  the  osseous  part  it 
adheres  very  closely  to  the  periosteum,  and  at  the  bottom  ot  the  tube  is 
stretched  over  the  surface  of  the  membrana  tympani,  forming  the  outer 
layer  of  that  structure.  After  maceration  in  water,  or  when  decompo- 
sition has  advanced,  the  epidermic  lining  of  the  passage  may  be 
separated  and  drawn  out  entire,  and  then  it  appears  as  a small  tube 
closed  at  one  end  somewhat  like  the  finger  of  a glove.  Towards  the 
outer  part  the  skin  possesses  fine  hairs  and  sebaceous  glands  ; and  in 
the  thick  subdermic  tissue  over  the  cartilage  are  many  small  oval  glands 
of  a brownish  yellow  colour,  agreeing  in  form  and  structure  with  the 
sweat  glands,  but  larger.  The  cerumen  or  ear-wax  is  secreted  by  these 
glands,  glandules  c&ruminosce,  and  their  numerous  openings  may  be  seen 
to  perforate  the  skin  of  the  meatus.  These  accessory  parts  are  absent 
over  the  bony  part  of  the  tube. 

Vessels  and  nerves. — The  external  auditory  meatus  is  supplied  with  arteries 
from  the  posterior  auricular,  internal  maxillary  and  temporal  arteries  ; and  with 
nerves  chiefly  from  the  temporo-auricular  branch  of  the  fifth  nerve.  The  prin- 
cipal branches  of  the  arteries  course  along-  the  upper  and  back  wall  of  the  canal. 
The  nerves  break  up  into  numerous  branches  on  reaching  the  osseous  part. 

State  in  the  infant. — The  auditory  passage  is  in  a very  rudimentary  state  in 
the  infant,  for  the  osseous  part  begins  to  grow  out  of  the  temporal  bone  only 
at  the  period  of  birth,  and  thus  the  internal  and  middle  parts  of  the  ear  arc 
brought  much  closer  to  the  surface  than  in  the  adult. 


THE  MIDDLE  EAR  OR  TYMPANUM. 

The  tympanum  or  drum,  the  middle  chamber  of  the  ear,  is  a narrow 
irregular  cavity  in  the  substance  of  the  temporal  bone,  placed  between 
the  inner  end  of  the  external  auditory  canal  and  the  labyrinth.  It 
receives  the  atmospheric  air  from  the  pharynx  through  the  Eustachian 
tube,  and  contains  a chain  of  small  bones,  by  means  of  which  the  vibra- 
tions communicated  from  without  to  the  membrana  tympani  are  in  part 
conveyed  across  the  cavity  to  the  sentient  part  of  the  internal  ear,  and 
by  which  also  pressure  is  maintained  on  the  contents  of  the  internal  ear, 
varying  in  amount  according  to  the  tension  of  the  membrana  tympani. 
The  tympanum  contains  certain  minute  muscles  and  ligaments,  which 
belong  to  the  bones  referred  to,  as  well  as  nerves,  some  of  which  end 
within  the  cavity,  whilst  others  merely  pass  through  it  to  other  parts. 
A roo  f and  floor,  an  outer  and  inner  wall,  and  an  anterior  and  posterior 
boundary  are  commonly  described. 

Ihe  roof  of  the  tympanum  is  formed  by  a thin  plate  of  bone,  which 
may  be  easily  broken  through  so  as  to  obtain  a view  of  the  tympanic 
cavity  from  above  ; it  is  situated  on  the  upper  surface  of  the  petrous 
poition  of  the  temporal  bone,  near  the  angle  of  union  with  the  squa- 
mous poition,  from  which  in  its  development  it  is  derived.  The  floor 
is  narrow,  in  consequence  of  the  outer  and  inner  boundaries  being 
inclined  towards  each  other. 

rIhe  outer  wall  is  formed,  to  a small  extent,  by  bone,  but  mainly  by 
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a thin  semitransparent  membrane — membrana  tympani  (fig.  445,  1), 
which  closes  the  inner  end  of  the  external  auditory  meatus.  Imme- 
diately in  front  of  the  ring  of  bone  into  which  the  membrana  tympani 
is  inserted,  is  the  inner  extremity  of  the  fissure  of  Glaser,  which  gives 
passage  to  the  laxator  tympani  muscle,  and  attachment  to  the  processus 
gracilis  of  the  malleus.  Close  to  the  back  of  this  fissure  is  the  opening 
of  a small  canal  (named  by  Cruveilhier  the  canal  of  Huguier),  through 
which  the  chorda  tympani  nerve  usually  escapes  from  the  cavity  of  the 
tympanum  and  the  skull. 


Pig.  445. 

A B 


Fig.  445.  — Right  Membrana 
Tympani  as  seen  from  the 

OUTER  AND  INNER  SIDE  RE- 
SPECTIVELY. 

A,  the  outer  surface  ; B,  the 
inner ; in  the  latter  the  small 
hones  are  seen  adherent  to  the 
membrane  and  adjacent  parts 
of  th,e  temporal  hone  ; in  A, 
the  shaded  part  indicates  the 
small  hones  as  partially  seen 
through  the  membrane  ; 1,  mem- 
brana tympani  ; 2,  malleus  ; 3, 
stapes  ; 4,  incus. 


The  membrana  tympani  is  an  ellipsoidal  disc,  the  longer  axis  of 
which  is  directed  from  behind  and  above,  forwards  and  downwards,  and 
is  about  4|  lines  in  length  : the  shorter  being  about  4 lines.  It  is 
inserted  into  the  groove  already  noticed  at  the  end  of  the  meatus  externus, 
and  so  obliquely  that  the  membrane  inclines  towards  the  anterior  and 
lower  part  of  the  canal  at  an  angle  of  about  55°.  The  handle  of  the 
malleus  (fig.  445,  2),  one  of  the  small  bones  of  the  tympanum,  descends 
between  the  middle  and  inner  layers  of  the  membrana  tympani  to  a little 
below  the  centre,  where  it  is  firmly  fixed ; and,  as  the  direction  of  this  pro- 
cess of  the  bone  is  somewhat  inwards,  the  outer  surface  of  the  membrane 
is  thereby  rendered  somewhat  conical  (see  fig.  440),  being  depressed 
towards  the  centre. 

Although  very  thin,  the  membrana  tympani  is  composed  of  three 
distinct  structures.  A prolongation  of  the  skin  of  the  external  meatus 
forms  the  outer  layer  ; the  mucous  membrane  lining  the  cavity  of  the 
tympanum  furnishes  an  inner  layer ; and  between  these  two  is  the 
proper  substance  of  the  membrane,  mainly  composed  of  fibrous  tissue. 
The  greater  number  of  the  fibres  radiate  from  near  the  centre  at  the 
attachment  of  the  handle  of  the  malleus  (fig.  445),  but  there  are 
also  circular  fibres  which  are  situated  within  or  more  interiorly  than 
the  radial,  and  close  to  the  circumference,  and  form  a dense,  almost 
ligamentous  ring.  Owing  to  the  presence  of  the  circular  fibres,  the 
radial  fibres  are  not  straight,  but  are  slightly  bowed  outwards,  so 
that  between  the  most  depressed  part  and  the  attached  border  the 
membrane  is  slightly  convex  outwardly. 

This  is  particularly  well  marked  at  the  upper  and  anterior  part,  where 
the  fibres  stretch  across  the  mouth  of  a small  notch  in  the  bony  ring  to 
which  the  membrane  is  attached  (notch  of  Kivinus).  The  notch  is  occu- 
pied by  a lax  part  of  the  membrane  {membrana  Jlaccida,  Shrapnell), 
consisting  of  loose  connective  tissue,  with  vessels  and  nerves  covered 
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by  skin  and  mucous  membrane.  It  is  here  that  apertures  are  liable  to 
become  formed  in  the  membrane  as  a consequence  of  inflammation. 


The  membrane  is  supplied  with  blood-vessels,  but  they  are  chiefly  con- 
fined to  the  skin  and  mucous  membrane  covering  the  surfaces  ; a few  are, 
however,  found  in  the  proper  fibrous  membrane,  and  form  a communication 
between  the  two  systems  above  named.  Those  of  the  stan  are  mostly  sup- 
plied by  a small  artery  which  passes  from  above  parallel  to  and  along  the  handle 
of  the  malleus.  The  nerves  for  the  most  part  accompany  the  blood-vessels, 
supplying  them  and  then  passing  to  form  a subepithelial  plexus  both  in  the  cutis 
and  in  the  mucosa.  Lymphatic  vessels  are,  according,  to  Kessel,  tolerably 

abundant  in  all  three  layers. 


The  inner  wall  of  the  tympanum,  which  separates  it  from  the  internal 
ear  is  very  uneven,  presenting  several  elevations  and  foramina.  INeai 
its  upper  part  is  an  ovoid,  or  nearly  kidney-shaped  opening— -fenestui 
ovalis  (fi°-.  446,  2),  which  leads  into  the  cavity  of  the  vestibule.  11ns 
openin0'.  the  long  diameter  of  which  is  from  befoie  backwards,  vith  a 
slight  inclination  downwards  in  front,  is  occupied  in  the  recent  state 
by  the  base  of  the  stapes,  and  the  annular  ligament  connected  witli 
that  plate  of  bone.  Above  the  fenestra  ovalis,  and  between  it  and 
the  roof  of  the  tympanum,  a ridge  indicates  the  position  of  the  aque- 
duct of  Fallopius,  as  it  passes  backwards,  containing  the  portio  dura 
of  the  seventh  nerve.  Below  is  a larger  and  more  rounded  elevation, 
caused  by  the  projection  outwards  of  the  first  turn  of  the  cochlea,  and 
named  the  ‘promontory,  or  tuber  cochlete  (fig.  446,  4)  ; it  is  marked  by 
grooves,  in  which  lie  the  nerves  of  the  tympanic  plexus. 


Fig.  446. 


Fig.  446. — Inner  Wale  op  the  Osseous  Tympanum  as  exposed  by  a Longitudinal 
Section  of  the  Petrous  and  Mastoid  Bone  (from  Gordon). 

1,  opening  of  tbe  tympanum  into  tlie  mastoid  cells ; 2,  fenestra  ovalis  ; 3,  fenestra 
rotunda  ; 4,  promontory  ; 5,  aqueduct  of  Fallopius,  or  canal  of  the  facial  nerve ; 6, 
junction  of  the  canal  for  the  chorda  tympani  with  the  aqueduct  ; 7,  processus  cochleari- 
formis ; 8,  groove  above  it  for  the  tensor  tympani  muscle ; 9,  Eustachian  tube  ; 10, 
anterior  orifice  of  the  carotid  canal. 

Below  and  behind  the  promontory,  and  somewhat  hidden  by  it,  is  a 
slightly  oval  aperture  named  fenestra  rotunda,  which  lies  within  a 
funnel-shaped  depression  (fig.  446,  3).  In  the  macerated  and  dried 
bone  the  fenestra  rotunda  opens  into  the  scala  tympani  of  the  cochlea  ; 
but,  in  the  recent  state,  it  is  closed  by  a thin  membrane. 
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The  membrane  closing  the  fenestra  rotunda— the  secondary  membrane 
°J  {he  tympanum  (Scarpa)— is  rather  concave  towards  the  tympanic 
cavity,  and  is  composed  of  three  strata  like  the  membrana  tympani- 
the  middle  layer  being  fibrous,  and  the  outer  and  inner  derived  from 
the  membranes  lining  the  cavities  between  which  it  is  interposed  viz 
the  tympanum  and  the  cochlea. 

The  posterior  wall  of  the  tympanum  presents  at  its  upper  part  one 
larger  (fig.. 446,  1),  and  several  smaller  openings,  which  lead  into  irre- 
gular cavities,  the  mastoid  cells,  in  the  substance  of  the  mastoid  process 
of  the  temporal  bone.  These  cells  communicate,  for  the  most  part, 
freely  with  one  another,  and  are  lined  by  a thin  mucous  membrane 
continuous  with  that  of  the  tympanum.  Behind  the  fenestra  ovalis, 
and  directed  upwards,  is  a small  conical  eminence,  called  the  pyramid, 
or  eminentia  papillaris  (fig.  447,  12).  Its  apex  is  pierced  by  a foramen’ 
through  which  the  tendon  of  the  stapedius  muscle  emerges  from  a canal 
which  turns  downwards  in  the  posterior  wall  of  the  tympanum,  and 
joins  obliquely  the  descending  part  of  the  aqueduct  of  Fallopius. 

The  anterior  extremity  of  the  tympanum  is  narrowed  by  the  gradual 
descent  of  the  roof,  and  is  continued  into  the  Eustachian  orifice 
(fig.  447).  Of  the  two  compartments  of  this  orifice,  the  lower,  lined 
with  mucous  membrane,  forms  the  commencement  of  the  Eustachian 
tube  ; the  upper,  about  half  an  inch  long,  lodges  the  tensor  tympani 
muscle,  and  opens  into  the  tympanum  immediately  in  front  of  the 
fenestra  ovalis,  surrounded  by  the  expanded  and  everted  end  of  the 
cochleariform  process  (fig.  446,  7),  which  separates  it  from  the  lower 
compartment. 

Fig.  447. 


Fi".  447. — Anteroposterior  Section  op  the  Temporal  Bone,  showing  the  Inner 
Wall  op  the  Tympanum,  with  the  Eustachian  Tube  and  Small  Bones  in  the 
Recent  State  (from  Arnold). 

1,  styloid  process ; 2,  mastoid  process  ; 3,  the  upper  part  of  the  petrous  hone  ; 4, 
pharyngeal  end  of  the  Eustachian  tube  ; 5,  its  cartilage  ; 6,  its  mucous  surface  ; 7,  carotid 
canal  ; 8,  fenestra  rotunda ; 9,  malleus  ; 10,  incus  ; 11,  stapes  ; 12,  pyramid  and 
stapedius  muscle  ; above  9,  and  behind  10,  the  suspensory  ligament  of  the  malleus  and 
the  posterior  ligament  of  the  incus  are  also  seen. 

The  Eustachian  tube  is  a canal,  formed  partly  of  bone,  partly  of  car- 
tilage and  membrane,  which  leads  from  the  cavity  of  the  tympanum  to 
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the  upper  part  of  the  pharynx.  From  the  tympanum  it  is  directed 
forwards  and  inwards,  with  a slight  inclination  downwards  ; its  entire 
length  is  about  an  inch  and  a half.  The  osseous  division  of  the 
•Eustachian  tube,  already  described  in  the  Osteology,  is  placed  at  the 
angle  of  junction  of  the  petrous  portion  of  the  temporal  bone  with  the 
squamous  portion.  The  anterior  part  of  the  tube  is  formed  of  a tri- 
angular piece  of  cartilage,  the  edges  of  which  are  slightly  curled  round 
towards  each  other,  leaving  an  interval  at  the  under  side,  in  which  the 
canal  is  completed  by  dense  but  pliable  fibrous  membrane.  The  tube  is 
trumpet-shaped,  being  narrow  behind,  and  gradually  expanding  until 
it  becomes  wide  in  front  ; the  anterior  part  is  compressed  from  side  to 
side,  and  is  fixed  to  the  inner  pterygoid  process  of  the  sphenoid  bone. 
The  anterior  opening  is  oval  in  form,  and  is  placed  obliquely  at  the  side 
and  upper  part  of  the  pharynx,  into  which  its  prominent  margin 
projects  behind  the  lower  meatus  of  the  nose,  and  above  the  level  of 
the  hard  palate.  Through  this  aperture  the  mucous  membrane  of  the 
pharynx  is  continuous  with  that  which  lines  the  tympanum,  and  under 
certain  conditions  air  passes  into  and  out  of  that  cavity. 


Fig.  443. 


SMALL  BONES  OE  THE  EAR. 

Three  small  bones  ( ossicula  auditus ) are  contained  in  the  upper  part  of 
the  tympanum:  of  these,  the  outermost  (i malleus ) is  attached  to  the mem- 
brana  tympani  ; the  innermost 
(stapes)  is  fixed  in  the  fenestra 
ovalis ; and  the  third  (incus) 
placed  between  the  other  two, 
is  connected  to  both  by  articu- 
lar surfaces.  The  malleus  and 
incus  are  in  direction  nearly 
vertical,  the  stapes  horizontal. 

They  form  together  an  angular 
and  jointed  connecting  rod  be- 
tween the  membrana  tympani 
and  the  membrane  which  closes 
the  fenestra  ovalis. 

The  malleus  or  hammer  bone 
(fig.  448,  a),  consists  of  a central 
thicker  portion,  with  processes 
of  different  lengths.  At  the 
upper  end  of  the  bone  is  a 
rounded  head  (capitulum)  ( fiff  u-  . , 0 r. 

440  a Tvl-n'r.K  / ' • ^48. — Bones  of  the  Tympanum  of 

b,  A,  1),  which  presents  m-  the  Right  Side  (from  Arnold).  Twice 

the  Natural  Sue. 

A,  malleus ; 1,  its  head  ; 2,  the  handle  ; 
3,  long  or  slender  process  ; 4,  short  process. 
B,  incus  ; 1,  its  body;  2,  the  long  process  with 
the  orbicular  process  ; 3,  short  or  posterior 
process  ; 4,  articular  surface  receiving  the 
head  of  the  malleus.  C,  stapes  ; 1,  head  ; 
2,  posterior  crus  ; 3,  anterior  crus  ; 4,  base. 
C*,  base  of  the  stapes.  D,  the  three  bones  in 
their  natural  connection  as  seen  from  the  out- 


ternally  and  posteriorly  an  ir- 
regularly oval  surface  covered 
with  cartilage,  for  articulation 
with  the  incus.  Below  the  head 
is  a constricted  neck  (cervix)  ; 
and  beneath  this  another  slight 
enlargement  of  the  bone,  °to 
which  the  processes  are  at-  x,  • 
tached.  The  handle  (manubrium)  !•  ,eir  uatura!,C0ime7d 
of  the  malleus  (fig.  448,  a,  2)  is  ’ ; ’ “cus ; stapes‘ 

a tapering  and  slightly  twisted  process,  compressed  from  before  back- 
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wards  to  near  its  point,  where  it  is  flattened  laterally  : it  descends,  with 
a slight  inclination  forwards  and  inwards,  between  the  middle  and  inner 
layers  of  the  membrana  tympani,  to  the  former  of  which  it  is  closely 
attached  both  by  means  of  its  periosteal  covering  and  also  by  a dense 
fibro-cartilaginous  tissue  extending  its  whole  length,  except  near  the  root 
of  the  process,  where  it  is  less  firmly  united  to  the  membrane.  The 
lorn/  ‘process  (processus  gracilis)  (fig.  448,  A,  3) is  a very  slender  spiculum 
of  bone,  which  in  the  adult  is  usually  converted,  except  a small  stump, 
into  ligamentous  tissue.  Even  where  it  still  exists  it  is  commonly 
broken  off  in  its  removal  from  the  tympanum,  in  consequence  of  its 
union  with  the  temporal  bone  ; it  projects  at  nearly  a right  angle 
from  the  front  of  the  neck  of  the  malleus,  and  extends  thence  obliquely 
downwards  and  forwards  to  the  Glaserian  fissure.  Its  end  is  flattened 
and  expanded,  and  is  connected  by  ligamentous  fibres  and  by  bone  to 
the  sides  of  the  fissure.  The  short  process  (processus  brevis  vel  obtusus) 
(fig.  448,  A,  4)  is  a low  conical  eminence  situate  at  the  root  of  the 
manubrium,  beneath  the  cervix,  and  projecting  outwards  towards  the 
upper  part  of  the  membrana  tympani. 

The  incus  (fig.  448,  b),  has  been  compared  to  an  anvil  in  form  ; but 
it  resembles  perhaps  more  nearly  a tooth  with  two  fangs  widely  sepa- 
rated. It  consists  of  a body  and  two  processes.  The  body  presents  in 
front  a concavo-convex  articular  surface  (4),  which  is  directed  upwards 
and  forwards,  and  receives  the  head  of  the  malleus.  The  surfaces  of 
the  joint  thus  formed  are  covered  with  articular  cartilage  and  enclosed 
by  a synovial  membrane.  The  shorter  of  the  two  processes  (crus  breve) 
(3),  of  the  incus  projects  nearly  horizontally  backwards  from  the  upper 
part  of  the  body  of  the  bone,  and  is  connected  by  ligamentous  fibres 
with  the  posterior  wall  of  the  tympanum  near  the  entrance  of  the 
mastoid  cells.  The  long  process  (crus  longum)  (2)  tapers  rather  more 
gradually,  and  descends  nearly  vertically  behind  the  handle  of  the 
malleus  : at  its  extremity  it  is  bent  inwards,  and  is  suddenly  narrowed 
into  a short  neck  ; and  upon  this  is  set  a flattened  rounded  tubercle 
(processus  lenticularis),  tipped  with  cartilage.  This  tubercle,  which 
articulates  with  the  head  of  the  stapes,  was  formerly,  under  the  name 
of  os  orbiculare  seu  lenticulare,  described  as  a separate  bone,  which 
indeed  it  originally  is  in  childhood. 

The  stapes  (fig.  448,  c),  the  third  and  innermost  bone  of  the  ear,  is 
in  shape  remarkably  like  a stirrup,  and  is  composed  of  a head,  a base, 
and  two  crura.  The  head  is  directed  outwards,  and  has  on  its  end  a 
slight  depression,  covered  with  cartilage,  which  articulates  with  the  len- 
ticular process  of  the  incus.  The  base  is  a plate  of  bone  placed  m the 
fenestra  ovalis.  Its  form  is  irregularly  oval,  the  upper  margin 
being  curved,  while  the  lower  is  nearly  straight  (fig.  448,  c).  is 
border  is  encircled  by  hyaline  cartilage,  which  also  covers  its  vesti- 
bular surface.  The  margin  of  the  fenestra  ovalis  has  also  a cover- 
in  «•  of  the  same  tissue,  and  the  opposed  cartilaginous  surfaces  are 
closely  connected,  and  their  movement  of  the  stapes  is  limited  by  a 
network  of  elastic  fibres  passing  between,  and,  near  the  tympanic  and 
vestibular  cavities,  forming  especially  a dense  ligamentous  band 
tRii dinner).  The  crura  of  the  stapes  diverge  from  a constricted  part 
(neck)  of  the  bone,  situated  close  to  the  head,  and  are  attached  to  the 
outer  surface  of  the  base  near  its  extremities.  The  anterior  crus  is 
the  shorter  and  straighter  of  the  two.  The  crura,  with  the  base  ot 
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stapes,  enclose  a small  triangular  or  arched  space,  which  in  the  recent 
state  is  occupied  by  a thin  membrane  stretched  across.  . A shallow 
groove  runs  round  the  opposed  surfaces  ot  the  bone,  and  into  this  the 
membrane  is  received. 


LIGAMENTS  AND  MUSCLES  OP  THE  TYMPANUM. 


Ligaments. — In  the  articulations  of  the  small  bones  ot  the  ear  with 
one  another  the  connection  is  strengthened  by  ligamentous  fibres.* 

Their  attachment  to  the  walls  of  the  tympanum  is  effected  partly  by 
the  reflections  of  the  mucous  membrane  lining  that  cavity,  but  chiefly 
by  muscles  and  by  the  following  ligaments. 

The  anterior  ligament  of 

the  malleus  is  a compara-  FlS-  449- 

tively  strong  and  broad  band 
of,  for  the  most  part,  short 
fibres,  which  connects  the  an- 
terior wall  of  the  tympanum 
close  to  the  Gflaserian  fissure 
with  the  base  of  the  processus 
gracilis  and  the  anterior  part 
of  the  body  of  the  malleus. 

The  suspensory  ligament  of 
the  malleus  consists  of  a small 
bundle  of  fibres,  which  passes 
downwards  and  outwards 
from  the  roof  of  the  tympa- 
num to  the  head  of  the 
malleus,  and  serves  to  check 
its  movement  in  an  outward 
direction. 

The  posterior  ligament  of 
the  incus  extends  from  near 
the  point  of  the  short  crus 
directly  backwards  towards 
the  posterior  wall  of  the  tym- 
panum,  where  it  is  attached 
near  to  the  entrance  to  the 
mastoid  cells. 


Arnold  describes  an  upper  liga- 
ment which  attaches  the  incus, 
near  its  articulation  with  the 
malleus,  to  the  roof  of  the  tym- 
panum. 

Muscles.  — There  are 
three  well-determined  mus- 
cles of  the  tympanum.  Som- 
merring  describes  four,  and 

cl^^re^ot^onfirmed  b^kter  raearclf6  omlT  °f  “T  "T 

recognised,  two  are  aJched^l^ 

Brunner S(K napp^and IvT oos^  t?011  M synovi?  ioints’  but>  wording  to 

with  fibrocartilage  between  the  contiguous  surface'^1'6  ^ ^ SymPhyses> 


mg.  — VIEW  OP  THE  CAVITY  OP  THE  RIGHT 

Tympanum  from  above. 

The  cavity  of  the  tympanum  and  a part  of  the 
labyrinth  have  been  exposed  by  a horizontal  section 
removing  the  upper  part  of  the  temporal  bone.  1, 
posterior  semicircular  canal  opened  ; 2,  the  cavity 
of  the  cochlea  opened  ; 3,  osseous  part  of  the 
Eustachian  tube ; 4,  head  of  the  malleus  ; 5, 
incus  ; 6,  stapes,  with  its  base  set  in  the  fenestra 
ovalis  ) /y  tensor  tyinpani  muscle  ; 8,  stapedius. 
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The  tensor  tympani  (musculus  internus  mallei)  (fig.  440,  7),  is  the 
largest  of  these  muscles.  It  consists  of  a tapering  fleshy  part,  about 
half  an  inch  in  length,  and  a slender  tendon.  The  muscular  fibres  arise 
from  the  cartilaginous  end  of  the  Eustachian  tube  and  the  adjoining 
surface  of  the  sphenoid  bone,  and  from  the  sides  of  the  upper  compart- 
ment of  the  Eustachian  orifice.  In  this  canal  the  muscle  is  conducted 
nearly  horizontally  backwards  to  the  cavity  of  the  tympanum.  Imme- 
diately in  front  of  the  fenestra  ovalis  the  tendon  of  the  muscle  bends  at 
nearly  a right  angle  over  the  end  of  the  processus  cochleariformis  as 
round  a pulley,  and,  contained  in  a fibrous  sheath,  passes  outwards, 
to  be  inserted  into  the  inner  part  of  the  handle  of  the  malleus,  close 
to  its  root. 

The  laxator  tympani  ( laxator  tympani  major,  Sommerring)  is  generally 
believed  to  be  distinctly  muscular,  but  being  partly  concealed  by  a band 
of  fibrous  tissue,  doubts  are  still  entertained  by  some  observers  as  to 
whether  the  structure  known  under  this  name  is  of  a muscular  or 
ligamentous  nature.  Arising  from  the  spinous  process  of  the  sphenoid 
bone,  and  slightly  from  the  cartilaginous  part  of  the  Eustachian  tube, 
it  is  directed  backwards,  passes  through  the  Glaserian  fissure,  and  is 
inserted  into  the  neck  of  the  malleus,  just  above  the  root  of  the  pro- 
cessus gracilis. 

The  laxator  tympani  minor  of  Sommerring  ( posterior  ligament  of  tlw  malleus, 
Lincke)  is  made  up  of  reddish  fibres,  which  are  fixed  at  one  end  to  the  upper  and 
back  part  of  the  external  auditory  meatus,  pass  forwards  and  inwards  between 
the  middle  and  inner  layers  of  the  membrana  tympani,  and  are  inserted  into  the 
outer  border  of  the  handle  of  the  malleus,  and  the  short  process  near  it  (Som- 
merring, leones  Organi  Auditus  Humani,  1801). 

The  stapedius  is  a very  distinct  muscle,  but  is  hid  within  the  bone, 
being  lodged  in  the  descending  part  of  the  aqueductus  Eallopii  and  in 
the  hollow  of  the  pyramid.  The  tendon  issues  from  the  aperture  at 
the  apex  of  that  little  elevation,  and  passing  forwards,  surrounded  by  a 
fibrous  sheath,  is  inserted  into  the  neck  of  the  stapes  posteriorly,  close 
to  the  articulation  of  that  bone  with  the  lenticular  process  of  the 

incus-  . . j.  , , „ 

A very  slender  spine  of  bone  has  been  found  occasionally  m the  tendon  o±  the 

stapedius  in  man  : and  a similar  piece  of  bone,  though  of  a rounder  shape,  exists 
constantly  in  the  horse,  the  ox,  and  other  animals.  This  circumstance  is  the 
more  interesting  in  connection  with  the  fact  that  cartilage  occupies  the  position 
of  the  stapedius  before  the  muscle  is  developed. 

Fig.  450. — Outline  op  the  Three  Small  Bones  of 
the  Left  Ear  as  seen  from  before.  Twice  the 

NATURAL  SIZE. 

This  figure  is  designed  to  illustrate  the  effect  of  the 
action  of  the  tensor  and  laxator  muscles  of  the  tym- 
panic membrane  in  connection  with  their  relation  to 
the  axis  of  rotation  of  the  malleus,  a,  a',  the  malleus, 
h,  the  incus  seen  behind  it ; c,  the  stapes  ; m,  in',  the 
inner  part  of  the  meatus  externus  closed  by  the  tym- 
panic membrane  ; g,  processus  gracilis  ; the  line  t,  in- 
dicates the  direction  and  position  of  the  tendon  of  the 
tensor  tympani  pulling  the  lower  part  of  the  malleus 
inwards,  the  line  l,  that  of  the  laxator  tympani  pulling  inwards  the  upper  half  of  the 
malleus ’so  as  to  force  the  handle  outwards. 

Actions. The  malleus  and  incus  move  together  round  an  axis  extending  back- 

wards from  the  attachment  of  the  processus  gracilis  of  the  malleus  m the  br  ase- 


Fig.  450. 


/• 


MUCOUS  MEMBRANE  OF  THE  TYMPANUM. 


639 


rian  fissure  to  the  attachment  of  the  short  process  of  the  incus  posteriorly.  The 
tendon  of  the  tensor  tympani  muscle  passing  from  within  to  be  inserted  below  that 
line,  pulls  the  handle  of  the  malleus  inwards  (fig.  450.  t),  while  the  laxator  tympani 
inserted  above  that  line,  by  pulling  the  head  of  the  bone  inwards  ( l ),  moves  the 
handle  outwards.  The  incus,  moving  along  with  the  malleus,  pushes  the  stapes 
inwards  towards  the  internal  ear  when  the  membrana  tympani  is  made  tight,  and 
draws  that  bone  in  an  opposite  direction,  when  the  membrana  tympani  is  relaxed. 
In  this  movement  the  head  of  the  stapes  is  slightly  raised  as  well  as  pressed  in- 
wards, and  the  upper  margin  of  its  base  moves  more  than  the  lower.  But  the  cavity 
of  the  inner  ear  is  full  of  liquid  ; and  its  walls  are  unyielding,  except  at  the  fenestra 
rotunda  ; when,  therefore,  the  stapes  is  pushed  inwards  the  secondary  membrane 
of  the  tympanum,  which  blocks  up  the  fenestra  rotunda,  must  be  made  tense  by 
pressure  from  within.  The  attachment  of  the  handle  of  the  malleus,  however, 
to  the  membrana  tympani  allows  greater  freedom  of  movement  to  that  process 
than  is  allowed  to  the  stapes  by  the  ligaments  of  its  base,  and  when  the  move- 
ment of  the  stapes  ceases,  the  malleus  rotates  on  the  head  of  the  incus  without 
dragging  the  stapes  further  from  the  fenestra  ovalis ; and  hence,  probably,  the 
necessity  of  a moveable  articulation  between  those  bones.  The  action  of  the 
stapedius  muscle  is  obviously  to  draw  the  head  of  the  stapes  backwards,  in  doing 
which  the  hinder  end  of  the  base  of  that  bone  will  be  pressed  against  the 
margin  of  the  fenestra  ovalis,  while  the  fore  part  will  be  withdrawn  from  the 
fenestra.* 


THE  LINING  MEMBRANE  OP  THE  TYMPANUM. 

The  mucous  membrane  of  the  tympanum  is  continuous  with  that  of 
the  pharynx  through  the  Eustachian  tube,  and  is  further  prolonged 
from  the  tympanum  backwards  into  the  mastoid  cells.  Two  folds 
which  cross  the  breadth  of  the  cavity  descend  from  the  part  of  the 
membrane  which  lines  the  roof.  The  anterior  fold  turns  round  the 
tendon  of  the  tensor  tympani  muscle  ; the  posterior  fold  passes  round 
the  stapes.  The  malleus  and  incus  are  invested  by  the  lining  of  the 
outer  wall  of  the  cavity.  The  mucous  membrane  which  lines  the 
cartilaginous  part  of  the  Eustachian  tube  resembles  much  the  mem- 
brane of  the  pharynx,  with  which  it  is  immediately  continuous  ; it  is 
thick  and  vascular,  is  covered  by  laminated  epithelium  surmounted  by 
vibratile  cilia,  and  is  provided  with  many  simple  mucous  glands 
which  pour  out  a thick  secretion  : in  the  osseous  part  of  the  tube, 
however,  this  membrane  becomes  gradually  thinner.  In  the  tym- 
panum and  the  mastoid  cells  the  mucous  membrane  is  paler,  thinner, 
and  less  vascular,  and  secretes  a less  viscid,  somewhat  yellow  fluid! 
Between  it  and  the  periosteum  is  a more  or  less  developed  network  of 
fibrous  bundles,  which  are  here  and  there  raised  above  the  general 
surface,  causing  corresponding  projections  of  the  mucous  membrane. 
Moreover,  in  various  places  on  the  interlacing  bundles,  peculiar 
swellings  occur  of  various  sizes,  which  appear  to  be  caused  bv 
tiie  super-addition  of  concentrically  arranged  fibres  upon  the  smaller 
bunales,  and  produce  an  appearance  similar  to  that  of  miniature 
Pacinian  corpuscles  (Politzer,  Kessel).  The  epithelium  in  the  tympanic 
cavity  is  for  the  most  part  columnar  and  ciliated,  but  the  roof,  the  pro- 
montory the  ossicula,  and  the  membrana,  are  covered  with  a simple 
layer  of  flattened,  non-ciliated  cells  (v.  Troeltsch). 

momhrTrip^nn0]  ”^orm^0.u  regard  to  tlie  anatomical  relations  of  the  bones  and 
ESZi  lt6  “ 7i\\ch  see  Helmholtz,  Die  Meelmnik  der  Gehor- 

American  edition/  rommellells>  Muger’s  Arcliiv,  vol.  i.  ; also  English  Translation, 
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VESSELS  AND  NERVES  OF  THE  TYMPANUM. 

The  arteries  of  the  tympanum,  though  very  small,  are  numerous,  and 
are  derived  from  branches  of  the  external,  and  from  the  internal  carotid. 

The  fore  part  of  the  cavity  is  supplied  chiefly  by  the  tympanic  branch  of  the  in- 
ternal maxillary,  which  enters  by  the  fissure  of  Glaser.  The  back  part  of  the  cavity 
including  the  mastoid  cells,  receives  its  arteries  from  the  xtylo-maxtoid  branch  of 
the  posterior  auricular  artery,  which  is  conducted  to  the  tympanum  by  the 
aqueduct  of  Fallopius.  These  two  arteries  form  by  their  anastomosis  a vascular 
circle  round  the  margin  of  the  membrana  tympani.  The  smaller  arteries  of  the 
tympanum  are,  the  petrosal  branch  of  the  middle  meningeal,  which  enters 
through  the  hiatus  Fallopii ; branches  through  the  bone  from  the  internal 
carotid  artery,  furnished  from  that  vessel  whilst  in  the  carotid  canal ; and 
occasionally  a twig  along  the  Eustachian  tube  from  the  ascending  pharyngeal 
artery. 

The  veins  of  the  tympanum  empty  their  contents  through  the  middle  menin- 
geal and  pharyngeal  veins,  and  through  a plexus  near  the  articulation  of  the 
lower  jaw,  into  the  internal  jugular  vein. 

Nerves. — The  tympanum  contains  numerous  nerves ; for,  besides 
those  which  supply  the  parts  of  the  middle  ear  itself,  there  are  several 
which  serve  merely  to  connect  nerves  of  different  origin. 

The  lining  membrane  of  the  tympanum  is  supplied  by  filaments  from 
the  tympanic  plexus,  which  occupies  the  shallow  grooves  on  the  inner 
wall  of  the  cavity,  particularly  on  the  surface  of  the  promontory. 

The  tympanic  plexus  (fig.  451)  is  formed  by  the  communications 
between,' 1st,  the  tympanic  branch  (nerve  of  Jacobson)  from  the  petrous 
ganglion  of  the  glosso-pharyngeal  ; 2nd,  a filament  from  the  carotid 
plexus  of  the  sympathetic  ; 3rd,  a branch  which  joins  the  great  super- 
ficial petrosal  nerve  ; 4th  and  lastly,  the  small  superficial  petrosal  nerve, 

from  the  otic  ganglion.  . . . , , 

Numerous  ganglion  cells  are  present  both  m the  uniting  cords  and 

also  at  the  points  of  junction  of  the  plexus. 


Fig.  451. 


ficial  petrosal ; 21,  internal  deep  petrosal 


Fig.  451.— View  of  the  Tympaxic  Plexus 
.of  Nerves  (after  Hirsckfeld  and  Le- 
veille). 

6,  splieno-palatine  ganglion;  7,  lidian 
nerve  ; 8,  great  superficial  petrosal  nerve  ; 
9,  carotid  branch  of  the  Vidian  nerve  ; 10, 
part  of  the  sixth  nerve  connected  by  twigs 
with  the  sympathetic  ; 11,  superior  cervical 
o-anglion  of  tlie  sympathetic  \ 12,  carotid 
branch  ; 13,  facial  nerve  ; 14,  glosso- 
pharyngeal nerve  ; 15,  nerve  of  Jacobson ; 
16,  its  twig  to  the  sympathetic;  17,  fila- 
ment to  the  fenestra  rotunda  ; IS,  filament 
to  the  Eustachian  tube  ; 19,  filament  to 
the  fenestra  ovalis  ; 20,  union  of  external 
deep  petrosal  nerve  with  the  lesser  super- 
ig  uniting  with  the  great  superficial  petrosal. 


4!  TnnnLonn  ffio-  451  151  enters  the  tympanum  by  a small  foramen 
The  nerve  of  3 a short  calral  in  the  petrous  portion 

nff^o^S^nr^niB^atthe  base  of  the  skull  between  the  carotid 
of  the  temporal  bone,  Degmnrr  g fTom  the  carotid  plexus  is  above 

WwuSSetoftcSSwaaoJ  the  t^an,™  in  front  of  the  fenestra 
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ovalis.  The  small  superficial  petrosal  nerve  (fig.  451,  20)  also  enters  at  the  fore 
part  of  the  cavity  beneath  the  canal  for  the  tensor  tympani. 

The  tensor  tympani  muscle  obtains  its  nerve  from  the  otic  ganglion  ; 
the  laxator  tympani  is  said  to  be  supplied  by  the  chorda  tympani : and 
the  stapedius  is  figured  by  Sommerring  as  receiving  a filament  from  the 
facial  nerve. 

The  chorda  tympani  is  invested  by  a tubular  reflection  of  the  lining 
membrane  of  the  tympanum  ; its  course  across  the  cavity  has  already 
been  described. 


THE  INTERNAL  EAR,  OR  LABYRINTH. 

The  inner,  essential  part  of  the  organ  of  hearing,  is  contained  in  the 
petrous  portion  of  the  temporal  bone.  It  consists  of  a complex  cavity — 
the  osseous  labyrinth — hollowed  out  of  the  bone,  and  containing  the 
membranous  labyrinth. 

The  osseous  labyrinth  is  incompletely  divided  into  three  parts,  named 
the  vestibule  (fig.  452,  l),  the  semicircular  canals  (3,  4,  5),  and  the 
cochlea  (6,  7).  They  are  lined  throughout  by  a thin  periosteal  cover- 
ing, within  which  there  is  a clear  fluid  named  perilymph,  or  liquor 
Ootunnii. 

The  membranous  labyrinth  being  distinctly  smaller  than  the  bony 
labyrinth,  a space  is  left  between  the  two,  occupied  by  the  perilymph 
just  referred  to.  The  membranous  structure  supports  minute  ramifica- 
tions of  the  auditory  nerve,  and  encloses  a fluid  named  the  endolymph. 


THE  OSSEOUS  LABYRINTH. 


The  vestibule  forms  a central  chamber  of  the  labyrinth,  which 
communicates  in  front  with  the  cochlea,  behind  with  the  semicircular 
canals,  on  the.  outer  side  with  the  cavity  of  the  tympanum,  and  on  the 
■inner  side  with  the  meatus  auditorius  internus.  It  is  irregularly 
ovoidal  in  shape  from  before  backwards,  and  is  slightly  flattened  or 
compressed  from  without  inwards  : except  in  the  last-mentioned  direc- 
tion, in  which  it  is  somewhat  smaller,  it  measures  about  -Hli.of  an  inch 
in  diameter. 


. The  oufcer  wall,  which  separates  it  from  the  cavity  of  the  tympanum, 
is  perforated  by  the  fenestra  ovalis,  which  in  the  recent  state  is  closed 
by  the  base  of  the  stapes. 

At  the  fore  part  of  the  inner  wall  is  a small  round  pit,  the  fovea 
hemispheric  (fig.  453,  2),  pierced  with  many  small  holes,  which  serve  to 
transmit  branches  of  the  auditory  nerve  from  the  internal  auditory 
mea  us.  ihis  fossa  is  limited  behind  by  a vertical  ridge  named  crista 
vestibuh,  or  pnnnentia  pyramidalis.  Behind  the  crest  is  the  small 
oblique  opening  of  a canal,  the  aqueduct  of  the  vestibule  (fig.  453,  4), 
which  extends  to  the  posterior  surface  of  the  petrous  bone. 

/i®  ar!,°oVal  dcpressi°n,  Placed  somewhat  transversely, /om? 

fi-mr/f?  if’  1^-’  tie  pluer  Paid  which  is  separated  by  the. 
crest  from  the  hemispherical  fossa. 

• ka<d\  pait  of  the  vestibule  are  five  round  apertures,  leading 

no  ' emicncu  ai  canals  : and  at  the  lower  and  fore  part  of  the  cavity 
is  a larger  opening,  which  communicates  with  the  scala  vestibuli  of  the 
cochlea — apertura  scala.  vestibuli. 

The  semicircular  canals  are  three  bony  tubes,  situate  above  and 
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behind  the  vestibule,  into  which  they  open  by  five  apertures,  the  con- 
tiguous ends  of  two  of  the  canals  being  joined.  They  are  unequal  in 
length,  but  each  tube  is  bent  so  as  to  form  about  two-thirds  of  a circle  ; 


Fig.  452. 


Fig.  453. 


Fig.  452.— Right  Bony  Labyrinth,  viewed  from  the  Outer  Side  (after 

Sommen-ing).  ~ 

The  specimen  here  represented  is  prepared  by  separating  piecemeal  the  looser  sub- 
stance of  the  petrous  bone  from  the  dense  walls  which  immediately  enclose  the  laby- 
rinth. 1,  the  vestibule  ; 2,  fenestra  ovalis  ; 3,  superior  semicircular  canal ; 4 horizontal 
or  external  canal;  5,  posterior  canal;  * * *,  ampulla,  of  the  semicircular  canals  ; 
6,  first  turn  of  the  cochlea  ; 7,  second  turn  ; 8,  apex  ; 9,  fenestra  rotunda.  The 
smaller  figure  in  outline  below  shows  the  natural  size.  ^ 

Fig.  453. — View  of  the  Interior  of  the  Left  Labyrinth  (from  Sommen-ing).  x 
The  bony  wall  of  the  labyrinth  is  removed  superiorly  and  externally.  1,  fovea 
liemi-elliptfca  ; 2,  fovea  hemispherica  ; 3,  common  opening  of  the  "uPe"or  ^.  Pos6te™^ 
semicircular  canals  ; 4,  opening  of  the  aqueduct  of  ^ ^stibn1® A5’ ’^SVaValS 
posterior  and  7 the  external  semicircular  canals  ; 8,  spnal  tube  otttie  cocniea  (scaia 
tympani)  ; *9,  opening  of  the  aqueduct  of  the  cochlea  ; 10,  placed  on  the  lamina  spiralis 

in  the  scala  vestibuli. 

ami  each  presents,  at  one  end,  a slightly  dilated  part,  called - ^"9^ 

The  canals  are  compressed  laterally,  and  measure  about . „th  of  an  inch 

across  ; but  in  the  ampulla  each  has  a diameter  of  T,th  of  an  inch. 

The  canals  differ  from  one  another  m direction,  m length,  and  m 

nosition  with  regard  to  the  vestibule.  The  superior  semicircular  canal 

(fio-  452,  3,  fig.  453,  5)  is  vertical  and  transverse,  and  it.  rises  higher  than 

any  other  part  of  the  labyrinth  ; its  place  is  indicated  by  a smooth 

arched  projection  on  the  upper  surface  of  the  petious  bone,  ff 

ampullary  end  of  this  canal  is  the  external  and  antenor,  and  opens 

bv  a distinct  orifice  into  the  upper  part  of  the  vestibule  , whilst  tne 

onmsite  extremity  joins  the  non-dilated  end  of  the  posterior  semicir- 

. Lr  mnal  and  opens  by  a common  aperture  with  it  into  the  bach 

cn  ‘ f .i ' Vestibule  (fm.  453,  3).  The  posterior  semicircular  canal 

452  5 fio-.  453,  6),  vertical  and  longitudinal  in  direction,  is  the 

(fib.  o , > b three  tubes:  its  ampullary  end  is  placed  at  the  lowei 
longest  of  the  three  tu^.^  _ ^ 1^  en(J  termmate8  ,n  the 

and  bach  pint  tlescribed.  The  external  semicircular  canal  (fig. 

common  canal  above  desc  outwards  and  opens  by  two 

distinct  o&ees  inti  the  upper  and  back  part  of  the  restrbule.  The 
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canal  is  shorter  than  either  of  the  other  two  : its  ampulla  is  at  the 
outer  end,  above  the  fenestra  ovalis. 


Fig.  454. 


Fig.  454. — Views  of  a Cast  of  the  Interior  of  the  Labyrinth  (from  Henle).  f 


Such  casts  maj  easily  be  made  in  fusible  metal,  and  give  a very  correct  view  of  the 
form  of  the  different  parts  of  the  labyrinthic  cavity.  A,  view  of  the  left  labyrinth  from 
the  outer  side  ; B,  the  right  labyrinth  from  the  inner  side  ; C,  the  left  labyrinth  from 
above  ; s,  the  superior,  p,  the  posterior,  and  e,  the  external  semicircular  canals  ; a,  their 
several  ampulke  ; r e,  fovea  hemi-elliptica  of  the  vestibule  ; r s,  fovea  hemispherica  ; a v, 
aqueduct  of  the  vestibule  ; / o,  fenestra  ovalis  ; f r,  fenestra  rotunda  ; c,  the  coiled 
tube  of  the  cochlea  ; c',  the  first  part  of  tube  towards  the  base  with  the  tractus  forarni- 
nosus  spiralis. 


The  qochlea  (fig.  452,  6)  is  the  most  anterior  division  of  the  internal 
ear.  When  cleared  of  the  surrounding  less  dense  bony  substance  in  which 
it  lies  imbedded,  it  presents  the  form  of  a blunt  cone,  the  base  of  which  is 
turned  towards  the  internal  auditory  meatus,  whilst  the  apex  is  directed 
outwards,  with  an  inclination  forwards  and  downwards,  and  is  close  to 
the  canal  for  the  tensor  tympani  muscle.  It 
measures  about  a quarter  of  an  inch  in  length,  and 
. the  same  in  breadth  at  the  base.  The  osseous 
cochlea  consists  of  a gradually  tapering  spiral  tube, 
the  inner  wall  of  which  is  formed  by  a central 
column,  or  modiolus  (fig.  45G,  1),  around  which  it 
winds.  It  is  partially  divided  along  its  whole  extent 
by  a spiral  lamina  (2),  projecting  into  it  from  the  mo- 
diolus. From  this  osseous  spiral  lamina  membran- 
ous structures  are  in  the  recent  condition  stretched 
across  to  the  outer  wall  of  the  tube,  and  thus  com- 
pletely separate  two  passages  or  scalcc,  one  on  each 
side  of  the  spiral  lamina,  which  communicate  one 
with  the  other  only  by  a small  opening,  named 
hchrotrema , placed  at  the  apex  of  the  cochlea. 

I hat  the  cochlea  is  justly  to  be  considered  as  an 
elongated  tube,  coiled  spirally  on  the  modiolus,  is 
illustrated  by  the  simple  pouch-like  form  of  the 
ludnnentary  cochlea  of  birds  (fig.  455)  as  well  as  by 
the  history  of  its  development.  ~ 

■phe  spiral  osseous  canal  is  about  an  inch  and 
a half  long, . and  about  the  tenth  of  an  inch 
m diameter  in  its  widest  part  (at  the  com- 
mencement). From  this  point  the  canal  makes  two  turns  and  a half 
aiound  the  central  pillar  (from  left  to  right  in  the  right  ear,  and  in  the 
opposite  direction  m the  left  ear),  and  ends  by  an  arched  and  closed 
cxtiemity  called  the  cupola , which  forms  the  summit  of  the  cochlea. 


Fig.  455. 


Fig.  455.  — Osseous 
Labyrinth  of  the 
Barn  Owl  (Strix 
Flajimea)  (from 
Brescbet).  f 

1,  semicircular 
canals  ; 2,  vestibule  ; 
3,  cochlea  in  the  form 
of  a short  straight 
tube. 
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Tlie  first  coil,  being  much  the  widest  in  its  curve  and  composed  of  the 
largest  portion  of  the  tube,  nearly  hides  the  second  turn  from  view  ; 

Fig.  456.  Fig-  457. 


Fig.  456. — Diagrammatic  View  op  the  Osseous  Cochlea  laid  open. 

1,  modiolus  or  central  pillar  ; 2,  placed  on  three  turns  of  tlie  lamina  spiralis  ; 3,  scala 
tympani  ; 4,  scala  vestibuli. 

Fig.  457. — View  of  the  Osseous  Cochlea  divided  through  t^e  Middle 

(from  Arnold),  f 

1,  central  canal  of  the  modiolus  ; 2,  lamina  spiralis  ossea  ; 3,  scala  tympani  ; 4,  scala 
vestibuli  ; 5,  porous  substance  of  the  modiolus  near  one  of  the  sections  of  the  canalis 
spiralis  modioli. 

and,  bulging  somewhat  into  the  tympanum,  forms  the  round  elevation 
on  the  inner  wall  of  that  cavity  called  the  promontory. 

The  modiolus  (columella  cochleae)  forms  the  central  pillar  or  axis 
around  which  the  tube  and  lamina  turn  spirally.  It  is  much  the 
thickest  within  the  first  turn  of  the  cochlea,  rapidly  diminishing  in 
size  in  the  succeeding  parts.  The  outer  surface  is  dense,  being,  in 
fact,  composed  of  the  walls  of  the  spiral  tube  ; but  the  centre  is 
spongy  as  far  as  the  last  half  coil,  and  is  pierced  by  many  small 
canals,  for  the  passage  of  the  nerves  and  vessels  to  the  lamina  spiralis  : 
one  of  these  canals,  larger  than  the  rest  ( canalis  centralis  modioli ),  luns 
from  the  base  through  the  centre  of  the  modiolus.  _ 

The  lamina  spiralis  ossea  is  a thin,  flat  plate,  growing  from  and  wind- 
ing around  the  modiolus,  and  projecting  into  the  spiral  tube,  so  as  to 
divide  it  partly  into  two.  Its  free  margin,  which  gives  attachment  m 
the  recent  state  to  the  membranous  septum,  does  not  reach  farther  than, 
about  half  of  the  distance  between  the  modiolus  and  the  outer  vail  of  t le 
spiral  tube.  The  osseous  lamina  terminates  close  to  the  apex  of  the  cochlea 
in  a liooklike  process  (hamulus),  which  partly  bounds  the  helicotrema. 

The  lamina  is  thin  and  dense  at  its  free  margin;  but  neaiei  the 
modiolus  it  is  composed  of  two  dense  outer  plates  enclosing  a moic 
open  and  spongy  structure,  in  which  are  numerous  small  canals  for 
vessels  and  nerves,  continuous  with,  but  running  at  right  angles  o,  ie 
canals  in  the  modiolus.  Winding  around  the  modiolus  close  to  the 
lamina  spiralis,  is  a small  canal,  named  by  Rosenthal  the  canalis 

spiralis  modioli.  . , . . . , j 

The  scales  in  the  osseous  cochlea  are  two  m number,  distinguished  a. 

the  scala  tvmpani  and  scala  vestibuli.  , . , « ,r 

The  sc ala  timpani,  the  portion  of  the  tube  on  the  basal  side  of  the 
lamina  spiralis,  commences  at  the  fenestra  rotunda,  where  m reront 
state  it  is  separated  from  the  tympanum  by  the  secondary  membrane  t 
the  tympanum.  Near  its  commencement  rs  the  orrficc  of  a small  e. 
ZSZ  coMm,  fig.  453,  9),  which  extends  aownwards^d. awards 
through  the  substance  oi  the  petrous  part  ot  the  tempora 
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the  jugular  fossa,  and  transmits  a small  rein.  The  sccda  vestibuli  is 
rather  narrower  than  the  scala  tympani  in  the  first  turn  of  the  cochlea  ; 
it  commences  from  the  cavity  of  the  vestibule,  and  communicates,  as 
already  described,  with  the  scala  tympani  at  the  apex  of  the  modiolus. 


the  membranous  labyrinth. 


Fig.  458. 


As  before  stated,  within  the.  osseous  labyrinth,  and  separated  from 
its  lining  membrane  by  the  perilymph,  membranous  structures  exist  in 
which  the  ultimate  ramifica- 
tions of  the  auditory  nerve 
are  spread.  In  the  vestibule 
and  semicircular  canals  these 
structures  have  a general  re- 
semblance in  form  to  the  com- 
plicated cavity  in  which  they 
are  contained.  They  do  not, 
however,  lie  loose  within  the 
osseous  cavity,  as  would  ap- 
pear from  fig.  458,  but  are 
more  or  less  united  with  its 
lining  periosteum  by  fibrous 
bands  conveying  blood-vessels, 
which  stretch  across  the  space 
between,  and  serve  thus  to  fix 
the  membranous  sacs  and  tubes. 

In  the  cochlea  the  membranous 
structures  complete  the  sep- 
tum between  the  scalm  alreadv 

0 # 

mentioned,  and  enclose  an 
intermediate  passage,  the 
canalis  membrcmaceus.  As 
before  stated,  the  liquid  con- 
tained within  the  membranous 
labyrinth  is  distinguished  as 
endolymph. 

Vestibule.  — The  mem- 
branous vestibule  consists  of 
two  closely  connected  sacs, 
and  the  parts  by  which  they 
are  united  to  the  membranous 
semicircular  canals  and  canal 
of  the  cochlea. 

The  larger  of  the  two  sacs, 
the  common  sinus  or  utricle 
(fig.  458,  i i),  is  of  an  oblong 
form,  slightly  flattened  from 
without  inwards.  It  is  lodged 
in  the  upper  and  back  part  of 


Fig.  458. — The  Interior  of  the  Left  Laby- 
rinth with  its  Membranous  Parts  and 

Nerves  (from  Breschet).  Magnified. 

The  outer  wall  of  the  osseous  labyrinth  is  in 
part  removed  so  as  to  display  the  membranous 
parts  within.  u,  scala  vestibuli  ; t,  scala 
tympani  of  the  cochlea  : s,  s,  lamina  spiralis  ; 
1,  i,  utriculus  or  common  sinus  wdth  its  group  of 
otoliths,  k ; l,  l,  saccule  wdth  its  otoliths ; a,  mem- 
branous ampulla  of  the  superior  semicircular 
canal,  d ; b,  ampulla  of  the  horizontal,  e,  and 
c,  that  of  the  posterior  semicircular  canal,  f ; 
n,  anterior  division  of  the  auditory  nerve  giv- 
ing branches,  q,  o,  p,  to  the  utricle  and  the  am- 
pullte  of  the  superior  and  external  canals  ; g, 
the  united  part  of  the  superior  and  posterior 
canals  ; h,  the  posterior  extremity  of  the 
external  canal ; * *,  space  containing  perilymph. 


the  osseous  vestibule,  occupy- 
ing the  fovea  hemi-elliptica.  Opposite  the  crista  vestibuli  several  small 
branches  of  the  auditory  nerve  enter  from  the  foramina  in  the  bone  ; 
and  here  the  walls  ol  the  common  sinus  are  thicker  and  more  opaque 
than  elsewhere.  A small  mass  of  calcareous  particles,  otoliths  or  otoconia , 
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lies  within  the  sac,  attached  to  its  wall  (fig.  458,  lc).  These  otoliths  are 
crystals  of  carbonate  of  lime,  rhombic,  octahedral,  or  six-sided,  often 
pointed  at  their  extremities. 

The  ends  of  all  the  membranous  semicircular  canals  open  into  the 
utricle. 

The  smaller  vestibular  vesicle,  the  saccule  {IT),  is  more  nearly 
spherical  than  the  common  sinus,  but,  like  it,  is  somewhat  flattened. 
It  contains  similar  otoconia  in  its  wall  (fig.  458,  on).  The  saccule  is 
situated  in  the  lower  and  fore  part  of  the  cavity  of  the  osseous  vesti- 
bule, close  to  the  opening  from  the  scala  vestibuli  of  the  cochlea,  and 
is  received  into  the  hollow  of  the  fovea  liemispherica,  from  the  bottom 
of  which  many  branches  of  nerve  enter  it. 

A minute  canal,  lined  with,  epithelium,  passes  from  the  utricle  along  the 
aqueductus  vestibuli  to  end  blindly  near  the  posterior  surface  of  the  petrous  bone. 
It  is  joined  near  its  origin  by  a similar  one  from  the  saccule,  so  that  in  this  way 
the  cavity  of  the  saccule  is  brought  into  communication  with  that  of  the  utricle 
(Boettcher).  Lastly,  the  saccule  is  connected  with  the  membranous  canal  of  the 
cochlea  by  means  of  a short,  narrow  canal,  the  canalis  rcunicns  (Hensen). 

Semicircular  Canals. — The  membranous  semicircular  canals 

are  about  one-third  the  diameter  of  the  osseous  tubes  in  which  they  are 
lodged,  and  are  dilated  into  ampullae  within  the  ampullary  enlargements 
of  those  tubes.  In  section  they  are  oval  or  somewhat  elliptical  (fig. 

Fig.  459.  . Fis-  460- 


Fig.  459. Membranous  Labyrinth  and  Nervous  Twigs  detached,  magnified  (Brescliet). 

1 facial  nerve  in  the  meatus  auditorius  internus  ; l,  anterior  division  of  the  auditory 
nerve  giving  branches,  o,  on,  n,  to  the  utricle  and  the  ampullae  of  the  superior  and 
external  canals  ; q,  posterior  division  of  the  auditory  nerve,  giving  branches  to  the 
saccule,  l,  posterior  ampulla,  c,  and  cochlea,  r ; cl,  the  united  part  of  the  superior  and 

posterior  canals. 

400. Ampullae  of  the  Superior  and  External  Semicircular  Canals  and 

Part  of  the  Common  Sinus,  showing  the  Attachment  of  the  Nerves  (from 

Steifensand).  . „ . 

1,  membranous  ampulla  of  the  superior  canal ; 2,  that  of  the  external  canal ; 
of  the  common  sinus  ; 4 and  5,  fork-like  swellings  of  the  nerves  at  their  ampullar  dis 
tribution  ; 6,  twig  of  the  auditory  nerve  spreading  in  the  common  sinus. 
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462).  At  the  ampullae  they  are  thicker  and  less  translucent  than  in  the 
rest  of  their  extent,  and  nearly  fill  their  bony  cases.  That  part  of  each 
which  is  towards  the  concavity  of  the  semicircle  of  the  canal  is  free  ; 
whilst  the  opposite  portion  is  fixed  to  the  wall  of  the  bony  canal  ; and 
in  the  ampulla  this  part  is  flattened,  receives  branches  of  nerves  and  blood  - 
vessels,  and  presents  on  its  inner  surface  a transverse  projection,  septum 
transversum  or  crista  acustica,  which  partly  divides  the  cavity  into  two. 

Auditory  nerve:  vestibular  division. — At  the  bottom  of  the 
meatus  auditorius  internus  the  auditory  nerve  divides  into  an  anterior 
and  a posterior  branch,  which,  broken  up  into  minute  filaments,  pass 
through  the  perforations  of  the  cribriform  plate  which  separates  the 
meatus  from  the  internal  ear,  and  are  distributed  respectively  to  the 
cochlea  and  vestibule.  In  both  branches,  as  well  as  in  the  trunk,  there 
are  numerous  nerve-cells.  The  vestibular  nerve  (fig.  459)  divides  into 
five  branches,  which  proceed  respectively  to  the  utricle,  the  saccule,  and 
the  three  ampullas  of  the  semicircular  canals  ; those  for  the  utricle  and 
the  superior  and  external  semicircular  canals  enter  the  cavity  in  a group 
along  the  crista  vestibuli ; the  fibrils  for  the  sacculus  (q)  enter  the  ves- 
tibule by  a smaller  group  of  foramina,  which  are  situated  below  those 
just  described,  and  open  at  the  bottom  of  the  fovea  hemispherica  ; the 
branch  for  the  posterior  semicircular  canal  is  long  and  slender,  and 
traverses  a small  passage  in  the  bone  behind  the  foramina  for  the  nerve 

Fig.  461. 


Fig.  461.  Section  op  one  op  the  Human  Semicircular  Canals  (Riklinger). 

Magnified. 

1,  Osseous  wall  ; 2,  fibrous  bands  with  included  blood-vessels,  united  at  3 with  the 
periosteum  ; 4,  membranous  canal  with  its  three  layers  ; 5,  short  fibrous  bands  (with 
intei  vemng  spaces)  uniting  the  membranous  canal  firmly  to  the  periosteum  ; 6,  union  of 
its  outermost  layer  with  the  periosteum. 
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of  tlie  sacculus.  The  nerves  of  the  ampullae  enter  the  flattened  or  least 
prominent  side  of  the  ampulla),  where  they  each  form  a forked  swelling 
(4,  5,  fig.  460),  which  corresponds  with  the  transverse  septum  already 
described,  in  the  interior  of  the  dilatation.  No  nerves  have  been 
found  extending  to  any  other  parts  of  the  semicircular  canals. 

Structure. — Three  layers  can  be  distinguished  in  the  membranous 
walls  of  the  semicircular  canals,  an  outer  fibrous  stratum,  an  inner 
epithelial  lining,  and  between  the  two  a homogeneous  tunica  propria. 
These  layers  are  not  of  equal  thickness  throughout,  for  at  those  parts 
where  the  -walls  are  in  contact  with  and  supported  by  the  bone  (fig. 
461,  6),  or  rather  its  periosteal  lining,  namely,  along  the  side  which  is 
turned  towards  the  convexity  of  the  semicircle,  they  are  thinner  than 
at  the  rest  of  the  circumference,  where  they  lie  free  and  are  bathed  by 
the  perilymph.  The  difference  in  thickness  affects  the  fibrous  layer 
and  the  tunica  propria  only,  for  the  epithelium  forms  throughout  a 
lining  of  simple  flattened  cells. 

Fig.  462. 


Fig.  462. — Section  op  Membranous  Semicircular  Canal,  much  Magnified  (Rudinger). 

1,  outer  fibrous  layer  ; 2,  tunica  propria  ; 3,  6,  papilliform  projections  with  epithelial 
covering ; 5,  fixed  side  of  the  canal,  with  very  thin  tunica  propria  without  papilla} ; 
7,  fibrous  bands  passing  to  periosteum. 

The  fibrous  layer  (fig.  462,  l),  which  contains  some  irregular  pigment- 
cells,  is  apparently  composed  of  ordinary  fibrous  tissue,  similar  to  that 
of  the  periosteum,  with  which  it  becomes  continuous  at  the  parts 
where  the  two  structures  are  in  contact.  It  is  especially  developed  at 
the  ends  of  the  oval  section,  whence  well-marked  bands  of  fibrous 
tissue  pass  to  the  periosteum  (fig.  462,  7).  From  here,  also,  the  more 
delicate  bands  of  fibrous  tissue  above  described  commonly  arise,  which 
traverse  the  perilymph  to  become  connected  with  the  periosteum  of  the 
opposite  wall  of  the  canal  (fig*  461,  2).  Both  along  these  bands  and 
also  more  directly  from  the  contiguous  periosteum,  numerous  small 
blood-vessels  pass  into  the  fibrous  layer  and  there  break  up  into  a 
coarse  capillary  network,  the  branches  of  which  do  not,  in  man,  pass 
into  the  tunica  propria. 
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The  tunica  momia  is  a clear,  glassy,  membranous  structure  continuous 
around  the  whole  tube,  although  thinning  off  very  much  opposite  the  part 
where  the  membranous  canal  is  in  contact  with  the  bone  (fig.  4Ci,  ■>). 
Externally  it  is  not  very  distinctly  marked  off  from  the  fibrous  coat  t 
internally  it  presents  not  a smooth  surface  but  a number  of  papilliform 
eminences  (fig.  4G2,  3,  6),  which  project  into  the  interior  of  the  canal 
except  at  the  thinnest  part.  According  to 
Riidinger,  these  eminences  are  found  almost 
constantly  in  the  adult. 

The  epithelial  lining  is  continuous,  both 
over  and  between  the  papilliform  projec- 
tions. In  the  human  semicircular  canals 
the  cells  are  of  the  same  nature  and  form 
throughout,  but  in  many  of  the  lower 
animals — birds  and  fish — a part  takes  on 
somewhat  of  a columnar  character,  while 
in  one  species  of  fish,  (Salmo  hucho),  as 
described  by  Riidinger,  a tract  of  cells 
along  the  whole  length  of  each  canal  be- 
comes remarkably  developed  into  two  rows 
of  heaped-up,  rounded  cell-bodies,  from 
each  of  which  a long  filament  extends  to 
the  wall  of  the  canal  in  a direction  trans- 
verse to  the  axis. 

The  meaning  of  these  modifications  of  structure 
is  unknown.  No  nerves  have  hitherto  been 
seen  proceeding  to  the  parts  in  question  ; but  they 
apparently  represent  the  much  more  developed 
peculiarly  modified  epithelium  which,  as  we  shall 
immediately  see,  is  found  in  the  ampullte  and  in 
the  saccule  and  utricle  opposite  the  parts  where 
the  corresponding  branches  of  the  auditory  nerve 
enter,  and  which  receives  the  ultimate  termina- 
tions of  those  nerves. 


The  ampullae,  as  well  as  the  saccule 
and  utricle,  agree  generally  in  structure 
with  the  semicircular  canals  : at  the  part, 
however,  where  they  are  connected  to  the 
osseous  wall  the  fibrous  outer  layer  forms  a 
loose-meshed  tissue,  and  the  tunica  propria 
is  very  much  thickened,  and  in  the  am- 
pulla causes  a rounded  transverse  projec- 
tion into  the  cavity  of  each,  the  septum 
transversum,  or  crista  acustica,  before  men- 
tioned. Over  this  projection,  and  also  to  a 
certain  extent  in  its  neighbourhood,  the ' 
epithelium  is  of  an  elongated  columnar 
form  (fig.  4G3,  c),  and  is  surmounted  by 
long  and  fine  cilium-like  processes  (auditory  hairs  (h)  ),  which  are, 
however,  not  spontaneously  vibratile,  but  project  stiffly  into  the  endo- 
lymph.  Ihese  hairlets  are  said  to  belong  not  to  the  columnar  epithelium 
cells  themselves,  but  to  spindle-shaped  cells  (sj)),  which  lie  between 


Fig.  463. — Diagram  or  the 
Auditory  Epithelium  and 
the  Mode  op  Termination 
op  the  Nerves  op  the 
AMPULLiE(af  terM.  Sell  ultze) . 

c,  columnar  epithelium  ; sp, 
spindle-shaped  cells,  each  sup- 
porting an  auditory  hair,  It;  br 
basal  supporting  cells  ; n,  two 
nerve  fibres  passing  through  the 
tunica  propria  to  join  the  plexus 
in  the  epithelium  ; l,  limit  of 
tunica  propria. 
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the  columnar,  and  arc  supported  by  them.  Finally,  as  described 
by  Max  Schultze,  a layer  of  columnar  epithelium  (b)  rests  upon  the  tunica 
propria  by  the  broad  ends  of  the  cells,  whilst  the  opposite,  tapering 
ends  project  between  the  other  epithelial  and  nervous  elements,  which 

they  no  doubt  assist  to  support.  The  branches 
of  the  auditory  nerve  (n)  pass  directly  through 
the  loose-meshed  tissue  above  mentioned 
and  through  the  thickened  tunica  propria  ; 
the  fibres  then  lose  their  medullary  sheath 
and  dark  contour,  and  are  continued  as 
simple  axis-cylinders.  Immediately  before 
reaching  the  epithelium  each  axis-cylinder 
appears  to  break  up  or  branch  out  into  a 
number  of  fine  fibrils,  which  form  a network 
by  uniting  with  the  neighbouring  fibrils 
beneath  and  between  the  bases  or  attached 
ends  of  the  epithelium  cells.  With  this  fine 
network  the  central  ends  of  the  spindle- 
shaped  cells,  which,  as  just  mentioned, 
are  stated  to  bear  at  their  opposite  free 
extremity  the  fine  auditory  hairs,  are  believed 
to  be  connected.  According  to  Riidinger,  a 
nervous  fibril  passes  directly  through  the  axis 
of  each  spindle-cell,  and  projects  at  the  free 
end  as  an  auditory  hair,  being  in  its  course 
connected  with  the  nucleus  of  the  cell. 

An  entirely  different  account  of  the  relations 
between  these  several  elements  is  given  by 
Retzius,  who  describes  the  auditory  hairs 
(fig.  464,  Ji)  as  being  borne  each  by  one  of  the 
columnar-shaped  cells,  and  these  latter  as  con- 
nected by  the  narrower  central  end  (c')  with, 
and  passing  directly  into  a nerve-fibril,  whereas 
the  long,  slender,  spindle-shaped  cells  (sp) 
which  project]  at  one  extremity  between  the 
columnar  elements,  and  the  nucleated  bodies 
of  which  are  several  rows  deep,  rest  by  their 
somewhat  broadened  basal  end  upon  the  tunica 
propria,  and  are  to  be  regarded  merely  as  sup- 
porting structures  for  the  proper  nervous  ele- 
ments. According  to  the  same  observer,  the 
nerves  retain  their  medullary  sheath  some  little 
way  beyond  the  limit  of  the  tunica  propria, 
and  their  axis  fibres  do  not  form  an  anas- 
tomosing network,  but  after  merely  branching 
two  or  three  times  pass  directly,  as  just  stated,  into  the  attenuated  ends 
of  the  columnar  cells,  which  he  accordingly  terms  the  “ auditory 
cells.  He  further  states  that  the  auditory  hairs  are  very  liable  to 
break  up  under  the  influence  of  reagents  into  a bunch  of  more 

delicate  hairlets  (//)•*  , , 

The  whole  question  must  be  regarded  as  at  present  undecided, 

* Anatomisclie  Untersuchungen  ; Das  Gehorlabyrinth  der  Knochenfiscbe,  Stockholm, 
1872. 


Fig.  464. — Auditory  Epi- 
thelium from  Ampulla 
of  a Fish  (Retzius). 
Highly  Magnified. 

It,  auditory  hairs  ; It',  the 
basal  end  of  one  broken  up 
into  finer  filaments  ; sp, 
spindle-cells  ; c’,  attenu- 

ated extremity  of  columnar 
cell. 


the  membranous  labyrinth. 
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further  investigation  being  necessary  to  inquire  into  the  relative  accu- 
racy of  the  two  views. 

The  spindle-  or  fibre-cells  and  the  auditory  hairs  were  first  described  by  Max 
Schultze  * and  bring  to  mind  the  so-called  olfactory  cells  of  the  nasal  mucous 
membrane,  to  be  presently  described,  and  the  gustatory  cells  which  are  met 
with  in  the  special  organs  of  taste.  Moreover,  as  we  shall  immediately  see,  cells 
bearing  similar  stiffly  projecting  hairs  are  met  with  also  in  the  cochlea;  and  in 
all  these  places  it  is  thought  probable  that  there  is  a direct  connection  between 
the  hair-bearing  cells  and  the  nerves  of  special  sense,  although  owing  to  the 
extremely  delicate  nature  of  the  parts  and  the  difficulty  of  manipulation, 
such  connection  has,  perhaps,  never  yet  been  undoubtedly  observed.  The 
minute  structure  of  the  parts  just  described  has  been  chiefly  worked  out 
in  the  comparatively  large  membranous  labyrinth  of  fishes,  but  is  no  doubt 
more  or  less  similar  in  all  vertebrata. 

The  foregoing  description,  although  referring  more  particularly  to  the 
characters  of  the  epithelium  and  mode  of  nerve  distribution  in  the 
cristas  acusticae  of  the  ampullae,  is  equally  applicable  to  the  maculae 
acusticae  of  the  saccule  and  utricle.  The  nerves  which  are  supplied  to 
the  maculae  seem,  however,  to  spread  out  more  and  to  be  less  markedly 
limited  in  their  distribution  than  those  which  go  to  the  ampullae  (see  fig. 
460).  Both  saccule  and  utricle  contain  in  their  cavity  and  lying  in 
contact  with  the  nerve-epithelium  a little  mass  of  otoliths,  which,  how- 
ever, do  not  float  free  in  the  fluid,  but  appear  enclosed  in  a delicate 
cuticular  investment.  Otoliths  are  also  found  scattered  here  and  there 
in  the  ampullae  and  semicircular  canals.  Their  use  is  not  sufficiently 
known. 

Cochlea. — The  membranous  cochlea  resembles  the  membranous 
Fig.  465.  Fig.  466. 


Fig.  465. — Left  Cochlea  of  a Child  some  Weeks  Old  (Reichert),  § 

The  drawing  was  taken  from  a specimen  which  had  been  preserved  in  alcohol,  and  was 
afterwards  dried  ; a section  is  made  so  as  to  show  the  lamina  spiralis,  scala,  and 
cochlear  canal  in  each  of  the  three  coils  : the  membranous  spiral  lamina  is  preserved,  but 
the  appearances  connected  with  the  organ  of  Corti,  &c.,  have  been  lost  from  drying. 
/ r,  fenestra  rotunda  with  its  membrane  ; s t,  scala  tympani ; s v,  scala  vestibuli ; l s, 
lamina  spiralis  ; h,  hamulus  ; c c,  canalis  cochlea;  ; d,  opening  of  the  aqueductus 
cochleae. 

Fig.  466. — Vertical  Section  of  the  Cochlea  of  a Fcetal  Calf  (Kolliker).  s 
In  this  specimen  the  external  wall  was  ossified,  but  the  modiolus  and  spiral  lamina 
were  still  cartilaginous  ; the  section  shows  in  each  part  of  the  cochlear  tube  the  twro 
scala;  with  the  intermediate  canalis  cochlea;  and  lamina  spiralis. 

* Muller’s  Arcliiv,  1858. 
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semicircular  canals  just  described  in  consisting  of  a tube,  lined  by 
epithelium  and  containing  endolymph,  partly  surrounded  by  a clear 
space  containing  perilymph,  but  it  differs  from  them  materially  both 
in  shape  and  in  the  modifications  presented  by  its  epithelial  lining. 
In  macerated  specimens,  the  two  parts  into  which  the  osseous  tube 
of  the  cochlea  is  divided  are,  it  will  be  remembered,  only  imperfectly 
separated  by  the  osseous  spiral  lamina  which  projects  from  the 
columella  ; but  in  the  fresh  specimen  the  tube  is  separated  completely 
into  three  distinct  parts  by  means  of  two  membranes,  which  extend 
along  its  whole  length  (figs.  465,  466).  In  the  first  place  the  lamina 
spiralis  is  directly  prolonged  by  a comparatively  strong,  well-marked 
membrane,  the  basilar  membrane  (fig.  467,  b),  which  stretches  straight 
across  to  the  outer  wall  of  the  cochlea,  and  is  here  connected  to  an 
inward  projection  of  the  lining  periosteum  and  sub-periosteal  tissue 
known  as  the  spiral  ligament  ( Isp ).  The  basilar  membrane  thus 

helps  to  complete  the  upper  * limit  of  the  scala  tympani  (ST),  but 
does  not  enter  into  the  lower  boundary  of  the  scala  vestibuli,  for  a 
second,  much  more  delicate  membrane,  known  as  the  membrane  of 
Eeissner  (It)  passes  from  the  upper  part  of  the  lamina  a little  distance 

from  its  end,  and  stretches 
Fig.  467.  obliquely  upwards  and  out- 

wards, also  to  become  con- 
nected with  the  lining  peri- 
osteum ; neither  of  the 
lines  of  insertion  of  this 
membrane  are  prominently 
marked.  The  oblique  di- 
rection of  the  membrane  of 
Ileissner  causes  a triangu- 
lar space  to  be  shut  off  be- 
tween it  and  the  basilar 
membrane,  which  is  bound- 
ed externally  by  the  outer 
osseous  wall  of  the  cochlea 
lined  by  periosteum  : and 
this  space,  extending 
the  whole 
the 


Fig.  467. — Section  through  one  of  the  Coils 
of  the  Cochlea,  diagrammatic  (altered  from 
Henle).  f 

S T,  scala  tympani  ; S V,  scala  vestibuli  ; C C, 
canalis  cochlea; ; It,  membrane  of  Eeissner  forming 
its  vestibular  wall ; l s o,  lamina  spiralis  ossea  ; 
ll  s,  limbus  laminae  spiralis  ; s s,  sulcus  spiralis  ; 
n c,  cochlear  nerve  ; g s,  ganglion  spirale ; t,  mem- 
brana  tectoria  ; b,  membrana  basilaris  ; C o,  rods 
of  Corti  ; l s p,  ligamentum  spirale. 


throughout 


osseous 


length  of 
tube,  and  lined  throughout 
by  an  epithelium  variously 
modified  in  different  parts, 
is  known  distinctively  as 


the  canal  of  the  cochlea 

canalis  membranaceus,  or  ductus  cochlear  is  (figs.  465,  467,  CC,  fig.  469, 
nn\  It  terminates  in  a blind  pointed  extremity  at  the  apex,  and 
another  at  the  base.  That  at  the  apex,  extending  beyond  the  hamulus, 
is  fixed  to  the  wall  of  the  cupola,  and  partly  bounds  the  helicotrema  ; 
that  at  the  base  fits  into  the  angle  at  the  commencement  of  the  osseous 

* To  avoid  repetition  it  may  here  be  stated  that  for  convenience  sake  the  cochlea 
is  considered  in  the  present  description  as  having  its  larger  part  or  base  Wr^ 
most,  and  the  domed  extremity  uppermost  although  of  course  dns  m far  fro® l ? ^ 

relative  position  of  the  parts  whilst  within  the  body.  Moreover,  para  n 
columellaPare  spoken  of  as  inner;  parts  nearer  the  external  wall  as  onto. 
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spiral  lamina  in  front  of  the  floor  of  the  vestibule.  Near  to  this  blind 
extremity  the  canalis  membranaceus  receives  a small  canal,  lined  with 
epithelium,  canalis  reunions  (Hensen),  which  is  continued  from  the 
saccule  of  the  vestibule  like  the  neck  of  a flask,  and  enters  the  canal 
of  the  cochlea  abruptly  nearly  at  a right  angle  (fig.  468,  or).  The 
cavity  of  the  canalis  membranaceus  is  thus  rendered  continuous  with 
that  of  the  saccule. 

It  is  the  structures  which  are  found  upon  the  floor  of  this  spirally- 
wound  triangular  canal  of  the  cochlea  that  claim  more  particular 
attention,  for  it  is  to  them  that  the  branches  of  the  cochlear 
nerve  are  distributed,  and  upon  them  the  function  of  the  cochlea 
as  a part  of  the  auditory  apparatus  appears  more  especially  de- 
pendent. 

The  floor  itself  of  the  coch- 
lear canal  is  formed  of  a narrow 
portion  of  the  spiral  lamina 
external  to  the  membrane  of 
Reissner,  and  of  the  basilar 
membrane.  In  the  macerated 
specimen  this  part  of  the  lamina 
thins  off  gradually  to  a fine  edge 
like  the  blade  of  a knife,  but  in 
the  recent  condition  (fig.  467,  lls) 
it  retains  its  thickness  for  some 
distance  (or  even  exhibits  a 
.slight  increase),  and  then  ab- 
ruptly terminates  with  a border 
which  in  section  is  C-shaped 
with  the  lower  limb  of  the  C 
much  more  prolonged  and  taper- 
ing than  the  upper.  This  lower 
limb  is  in  fact  the  section  of 
the  end  of  the  osseous  lamina, 
together  with  a thin  mem- 
branous layer  which  covers  it, 
and  which  is  directly  prolonged 
into  the  basilar  membrane.  This 
membrane,  as  well  as  the  whole 
thickened  upper  part  of  the  edge 
of  the  spiral  lamina,  not  being 
ossified,  disappears  in  the  process 
of  maceration.  The  thickened 
part  (fig.  467,  Us),  with  its  somewhat  overhanging,  crest-like  end  (fig. 
469,  Ci),  is  known  as  the  limbus  of  the  spiral  lamina,  and  the  groove 
which  it  overhangs,  and  which  in  section  is  represented  by  the  bay  of 
the  C,  is  known  as  the  spiral  groove  (fig.  467,  ss,  fig.  469,  S.  sp.  i). 

I he  tissue  of  which  the  limbus  is  composed  seems  to  be  a form  of 
connective  tissue  ; but  it  differs  in  different  parts.  Towards  the  under 
and  inner  part  there  are  in  particular  numerous  corpuscles,  and  the 
texture  is  distinctly  fibrous,  but  above  there  are  few  or  no  corpuscles, 
and  the  tissue  is  more  homogeneous  ; although  a faint  fibrillation  in  a 
radial  direction, . i.e.,  from  within  outwards,  may  still  be  traced  in  it. 
.This  faintly  fibrillated  tissue  is  prolonged,  as  just  intimated,  beyond 


Fig.  468. 


Fig.  468. — The  Left  Labyrinth  of  a Child 
at  Birth,  partially  opened  on  its  outer 

SIDE  TO  SHOW  THE  COMMENCEMENT  OF  THE 

Membranous  Canal  of  the  Cochlea 
(sliglitly  altered  after  Reichert),  f 

The  external  or  horizontal  canal  has  been 
removed  ; c s,  superior  canal ; c p,  posterior 
canal ; a s,  membranous  ampulla  and  tube  of 
the  superior  canal  cut  short  ; a h,  that  of  the 
external  or  horizontal  canal  ; h,  undilated  end 
of  the  horizontal  canal  in  front  of  the  common 
opening  of  the  superior  and  posterior  canals  ; 
P s,  united  superior  and  posterior  canals  ; u, 
utriculus  ; s,  sacculus  ; c c,  vestibular  part  or 
commencement  of  the  membranous  canal  of 
the  cochlea  ; c r,  canalis  reuniens  connecting 
it  with  the  sacculus  ; c,  cochlea. 
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the  osseous  lamina,  into  the  basilar  membrane.  Near  its  termination, 
close  to  the  junction  with  the  basilar  membrane,  it  is  perforated 
with  a number  of  regularly-arranged,  elongated  apertures  (fig.  470,  p), 
which  serve  for  the  transmission  upwards  of  the  nerve-fibres.  The 
latter,  .in  their  course  from  the  spiral  ganglion  to  the  auditory 
epithelium,  are  lodged,  as  far  as  this,  in  canals  in  the  lower  osseous 
part  of  the  spiral  lamina.  Their  arrangement  here  will  be  afterwards 
more  fully  described. 

Fig.  469. 


1 


j?i<,  469.— Vertical  Section  op  the  first  turn  of  the  Cochlea  of  a Child  a 
Year  and  a Half  old.  100  Diameters  (Waldeyer). 

SV  scala  vestibuli  ; ST,  scala  tympani ; DC,  duct  or  canal  of  the  cochlea  ; L.sp.o ,, 
L sv  o2  vestibular  and  tympanal  layer  of  the  osseous  spiral  lamina  with  the  stratum  ot 
nerve-fibres,  N,  between  ; a,  a,  outer  bony  wall  of  cochlea  ; 5,  1),  and  d,  periosteum  ; 
c e connective  tissue  thickening  forming  at  L.Sp.  the  spiral  ligament  ; St.v.,  stria 
vascularis  - L.Sp. a,  prominence  known  as  the  accessory  spirdl  ligament,  containing, 
snirallv  running  blood-vessel,  the  vas  prominens  ; S.sp.i.,  spiral  groove  (inner)  ; 

S 3 spiral  groove;  R,  Rlt  section  of  Reissner’s  membrane,  the  middle  part 
ideated  only  by  a dotted  line  ; from  X to  Cr. , limbus  lamime  spiralis  ; M L membrana 

tectoria,  somewhat  raised  up  from  its  natural  position;  /-^Xon  of^he  outer  hair- 
turning  up  to  enter  epithelium ; pinner  hair-cell,  region  ; h,  region  of  the  oute 

cells  ; % basilar  membrane  underneath  rods  of  Corti. 
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When  the  limbus  is  viewed  from  above,  the  edge  is  seen  to  present,  not  a 
continuous  line,  but  a succession  of  tooth-like  projections  (fig.  470,  Cr), 
which  give  it  a jagged  aspect.  These  projections  are  continued  as 
flattened  eminences  a short  distance  on  the  upper  surface  of  the  limbus, 
which  is,  therefore,  not  smooth,  but,  at  least  near  the  edge,  marked 
in  this  way  with  eminences  and  intervening  furrows.  Nearer  the 
line  of. origin  of  the  membrane  of  Reissner,  however,  it  becomes 
more  uniform,  and  here,  too,  its  epithelial  covering,  which  is  directly 
continuous  with  that  of  the  under  surface  of  Reissner’s  membrane,  is 
evenly  distributed  ; whereas  at  the  crest  itself  the  epithelial  cells  are, 
in  the  adult,  only  found  in  the  furrows  : so  that  the  tooth-like  promi- 
nences project  between  the  rows  of  epithelium  into  the  cochlear  canal. 
Immediately  below  the  overhanging  projections,  the  epithelium  again 
runs  together  into  a uniform  single  layer  which  lines  the  spiral  groove, 
and  is  continuous  externally  with  the  more  specialized  cells,  presently 
to  be  described  as  forming  the  organ  of  Corti. 

The  basilar  membrane  stretches,  as  before-mentioned,  straight 
between  the  osseous  lamina  and  the  spiral  ligament  on  the  outer  wall, 
and  separates  the  canal  of  the  cochlea  from  the  scala  tympani.  It 
increases  in  breadth  from  the  base  to  the  apex  of  the  cochlea,  while  the 
breadth  of  the  osseous  spiral  lamina  diminishes.  Thus  in  the  first  turn 
of  the  cochlea,  this  membrane  forms  about  half  of  the  breadth  of  the 
septum  made  by  it  and  the  osseous  lamina  ; but  towards  the  apex  of 
the  cochlea  the  proportion  between  the  two  parts  is  gradually  changed, 
until,  near  the  helioctrema,  the  membranous  part  is  left  almost  unsup- 


Fig.  470. 


**  Cor ,“'S1S52,Tm"  and  ta 

membrane  ; p,  perforation^ for  ?rcst  hrnbus  with  tootli-like  projections;  b b,  basilar 
the  lower  part  of  the  figure  but  ail®fllssl0n  nerve  fibres  N,  which  are  represented  at 
teen  of  Z inneVro^^^^  clearness  » the  upp'er ; fif- 

outer  rods  of  Corti  ; h.e,  their  heads’  wi+Wn  ^ R6?  he3fS  Seen  from  above  ; e'r>  nine 
from  them  and  formino-  with  the  fun’  tbcth®  Phalangeal  processes  extending  outward 
fibres  of  the  outer  rods  Tre  seen  to  be  ? °5  pllfjlanScs’  the  lamina  reticularis,  l.r.  The 
brane,  through  which  the  conneetivo  +•  COntll,me(l  into  tlie  stnation  of  the  basilar  mem- 
seen.  Portions  of  ^of^£Si^  fibreS  a?d™clei  °f  the  undermost  layer  are 
to  the  membrane.  ‘ a processes  of  the  outer  hair-cells  remain  attached 
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ported  by  any  plate  of  bone.  The  exact  nature  of  the  tissue  composing 
the  proper  substance  of  the  membrane  is  unknown,  but  it  is  probably 
analogous,  at  least  the  uppermost  stratum,  to  that  composing  the  rods 
of  Corti,  to  be  afterwards  described.  It  is  somewhat  stiff  in  con- 
sistence, and  may  readily  be  broken  up  into  straight  fibres  which  have 
a radial  direction,  corresponding  with  a striation  which  the  membrane, 
especially  its  outer  part,  presents  when  viewed  on  the  flat  (fig.  470). 
Externally,  at  its  attachment  to  the  spiral  ligament,  it  breaks  up 
into  diverging  fibres,  which  spread  into  that  projection.  On  the  upper 
surface  of  the  membrane  is  the  epithelium  which  forms  the  organ  of 
Corti,  and  the  single  layer  of  cells  which  is  continued  from  this  ex- 
ternally (fig.  469) on  the  under  surface  it  is  covered  by  a layer  of 
connective  tissue  (often  described  as  part  of  the  membrane),  the  fibres 
of  which  have  a longitudinal  direction,  parallel  with  the  spiral,  and  across 
the  direction  of  the  fibres  of  the  membrane  proper.  There  are  numerous 
intermixed  spindle-shaped  corpuscles  in  this  tissue,  which  is  in  con- 
tinuity with  the  lining  periosteum  of  the  scala  tympani.  Small  blood- 
vessels are  found  in  it,  but  as  a rule  extending  only  over  the  inner  part 
of  the  membrane.  They  are  usually  terminated  by  a rather  larger 
longitudinally  running  vessel,  situate  opposite  the  outer  rods  of  Corti, 
and  known  as  the  vas  spiralc. 

The  membrane  of  Reissner  (figs.  467,  469,  R),  separates  the  scala 
vestibuli  from  the  canal  of  the  cochlea.  It  is  composed  of  an  exces- 
sively delicate  and  almost  homogeneous  layer  of  connective  tissue  con- 
tinuous with  the  lining  periosteum  of  the  scala  vestibuli,  and  is  coreicd 
on  the  surface  which  "is  turned  to  the  cochlear  canal  with  a simple 
layer  of  delicate  scaly  epithelium  continuous  below  with  that  on  the 
limbus  and  above  with  that  lining  the  outer  wall  of  the  canal  (fig.  469). 
The  cells  have  each  a circular  flattened  nucleus,  and  not  unfreqUently 
contain  fat  droplets  of  various  sizes.  The  vestibular  side  of  the  mem- 
brane of  Reissner  is  quite  smooth,  and  is  covered  with  a layer  of 
flattened  epithelioid  connective-tissue  cells,  readily  distinguishable  from 
the  true  epithelial  cells  on  the  other  side  as  well  by  their  greater  delicacy 
of  outline,  and  their  larger  size,  as  by  the  history  of  their  development. 
A few  blood-capillaries  are  continued  into  the  membrane  from  the 
neighbouring  periosteum. 

The  periosteum  which  lines  the  scala  vestibuli  and  scala  tympani, 
consists  of  ordinary  connective  tissue.  There  is  no  continuous  lining 
of  flattened  cells  on  the  free  surface  (that  bathed  by  the  perilymph), 
such  as  covers  the  surface  of  serous  membranes  That,  on  the  other 
hand,  which  bounds  the  canal  of  the  cochlea  externally,  is  veiy  nine 
thickened  by  a development  of  retiform  connective  tissue,  and  is 
covered  by  the  epithelium  of  that  tube,  which  here  forms  a single  ayci 
of  cubical  cells,  many  of  which  contain  pigment.  The  periosteum 
moreover,  forms  usually  a slight  inward  projection  a little  above  the 
1 momentum  spirale,  containing  a prominent  blood-vessel  (fig.  469, 
L si)  a)  The^ubstance  of  the  periosteum  is  also  frequently  pigmented 
immediately  under  the  epithelium  of  the  tract  between  this  prominence 
and  the  membrane  of  Reissner,  and  from  containing  large  and  nume- 
rous  blood-vessels,  is  often  termed  stria  foscula m i (Si tse).  Im medmt, > j 
beneath  the  epithelium  is  a basement  membrane,  thiough  ™3n, 
sections,  processes  may  here  and  there  bo  seen  passing  from  the 
epithelium  to  the  subjacent  tissue. 
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The  ligamentum  spirale  (fig.  469,  LSp)  appears  in  sections  as  a 
pointed  projection  from  the  outer  wall  of  the  cochlea,  with  the  basilar 
membrane  attached  to 

its  apex.  It  is  composed  Fig.  471. 

of  a retiform  connective 


tissue,  many  of  the  cells 
of  which  have  an  elon- 
gated shape  and  radiate 
from  the  point  of  attach- 
ment of  the  basilar  mem- 
brane. They  have  been 
considered  by  some  to  be 
muscular,  but  there  is 
no  distinct  proof  of  their 
contractile  nature. 

Organ  of  Corti. — 
The  epithelium  which 
covers  the  basilar  mem- 


Fig. 471. — A pair  op  Rods  op  Corti,  from  the 
Rabbit’s  Cochlea,  in  side  view.  Highly  mag- 
nified. 

1),  b,  basilar  membrane ; i.r,  inner  rod ; c.r,  outer 
rod.  The  nucleated  protoplasmic  masses  at  the  feet 
are  also  shown. 


brane  requires  a careful  description,  including  as  it  does  the  highly- 
specialised  structures  which  are  known  by  the  name  of  the  organ  of 


Fig.  472. 


J-  -l0.  Tl  V. 


° “ ‘ KLl1 ,[  ui  Lamina  Reticularis  and  Adjoining  Structures  from  the 

Lat-  Highly  magnified  (Kolliker). 

the’  j unctioiT'beHveen  ' th  e^ndiHdimi  h^df'lt’ d^ot  S'™1  ’’  t’f’  77  7% 

outer  rods  • m ■»  o i /.  , . at  not  being  represented  ; /,  heads  ot 

between  external  epithelml  cellsj  g®tlCU  ai'ls  with  circles  of  Fairlets  ; p,  cuticular  tissue 

„ 7 . Flg' 4'  3-~SniILAI1  Figure  from  the  Calf  (Kolliker). 

process  from^eadVf  Vuter  rod6^^  nh^o  0uter„r?c^s  > feet  of  ditto  ; h,  phalangeal 
472.  ‘ U * Phalanges  of  1.  reticularis  ; the  other  letters  as  in 
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Corti.  The  central  part  of  this  apparatus  is  formed  by  two  sets  of 
stiff,  rod-like  bodies — the  inner  and  outer  rods  of  Corti  (figs.  470, 471) — 
which  stand  by  one  end,  the  foot,  unon  the  basilar  membrane,  the  outer 
series  (e.r.),  at  some  little  distance  from  the  inner  (ir.),  and  thence  are 
inclined  towards  each  other — the  outer  series  inwards  and  the  inner 
series  outwards — so  as  to  meet  by  their  upper  ends  or  heads,  which  are 
thus  in  contact.  In  this  way  each  pair  of  rods  forms  a sort  of  arch  with 
slanting  sides  (fig.  471),  and  since  both  inner  and  outer  rods  are, 
respectively,  in  lateral  juxtaposition,  the  double  series  of  inclined 
columns  forms  a tunnel  (fig.  470)  along  the  whole  extent  of  the  basilar 
membrane,  which  in  the  natural  condition  is  filled  with  endolymph. 

On  the  inner  side  of  the  inner  rods  is  a row  of  epithelial  cells — inner 
hair-cells — which  are  surmounted  by  a brush  of  fine,  short,  stiff  hairlets, 
and  external  to  the  outer  rods  are  three  or  four  successive  rows  of 
similar  but  more  elongated  cells — outer  hair-celts — which  are  inclined 
in  a direction  more  or  less  parallel  with  that  of  the  corresponding  series 
of  rods.  The  hairlets  of  these  outer  hair-cells  project  through  rings 
(fig.  47 0,  m,  n,  o ),  which  surround  the  tops  of  the  cells,  and  which  are 
bounded  by  minute,  fiddle-shaped  cuticular  structures — the  so-called 
'phalanges — connected  both  to  one  another  and  to  the  heads  of  the  outer 
rods.  A reticular  lamina  (fig.  470,  l.r. ) is  thus  formed  which  covers  this 
part  of  the  organ  of  Corti,  like  a wire  net. 

On  either  side  of  the  two  sets  of  hair-cells  the  epithelium,  becoming 
gradually  shorter,  passes  continuously  into  the  simple  layer  of  cubical 
cells  which  is  found  both  in  the  spiral  groove  and  also  covering  the 
outermost  part  of  the  basilar  membrane. 

The  whole  organ  is,  in  addition  to  the  reticular  lamina,  covered  by  a 
comparatively  thick,  fibrillated,  and,  to  all  appearance,  highly  elastic 
membrane — the  tectorial  membrane  (fig.  469,  M.t) — which  is  attached 
by  one  edge  to  the  upper  surface  of  the  limbus,  falls  over  the  crest  of 
the  latter  and  rests  by  the  other  edge  and  by  the  adjoining  part  of  its- 
under  surface  on  the  rods  of  Corti  and  the  hair-cells,  converting  in 
this  way  the  spiral  groove  into  a canal.  It  will  be  necessary  to  describe- 
more  minutely  these  several  parts  of  the  organ  of  Corti. 

Hods  of  Corti. — The  inner  and  outer  rods  of  Corti  differ  considerably 
from  one  another  in  size  and  shape,  although  agreeing,  for  the  most 
part,  as  regards  the  details  of  their  structure.  Each  inner  rod  may  be- 
hest compared  in  shape  to  a human  ulna,  the  upper  end  of  the  rod  being- 
pretty  accurately  represented  by  the  head  of  that  bone,  the  olecranon 
and  coronoid  processes,  as  well  as  the  concave  articular  surface  between, 
being  readily  recognisable.  The  outer  rods,  on  the  other  hand,  some- 
what resemble  in  shape  a swan’s  head  and  neck  ; the  rounded  part, 
which  represents  the  back  of  the  head,  fitting  into,  and  being  connected 
with,  the  concave  surface  on  the  head  of  the  corresponding  inner  rod 
(or  rather  of  two  or  three  inner  rods,  for  the  latter  are  smaller  and 
more  numerous  than  the  outer  ones),  while  the  part  which  represents 
the  bill  projects  outwards  and  becomes  connected  with  the  phalanges 
of  the  lamina  reticularis,  aiding  to  form  the  first  series  of  rings  for  the 
hair-cells.  Both  inner  and  outer  rods  are  more  slender  about  the  middle 
of  their  length  and  expand  again  below,  so  as  to  rest  upon  the  basilar 
membrane  by  a somewhat  widened  foot.  Both  are  distinctly  striated 
throughout  their  length  (fig.  474),  and  the  striation  or  fibrillation,  as  is 
particularly  well  seen  in  the  outer  rods,  passes,  at  the  point  of  attach- 
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menfc  of  the  feet,  continuously  into  that  of  the  basilar  membrane,  to 
which  they  are  thus  intimately  connected  (fig.  470).  Occupying'  most 
of  the  head  of  the  outer  rod  is  an  oval  part  free  from  fibres,  and 
staining  with  carmine  more  readily  than  the  rest  : this  appears  to 
represent  the  nucleus  of  an  epithelial  cell  from  which  the  rod  was 
originally  developed.  A similar,  but  smaller  nucleus  is  sometimes, 
but  not  always,  to  be  seen  in  the  head  of  the  inner  rod,  at  a place  cor- 
responding with  the  part  that  represents  the  root  of  the  coronoid  process  ; 
and  the  substance  of  the  rod  presents  in  its  neighbourhood  a somewhat 
granular  protoplasmic  appearance,  as  if  there  were  here  the  remains  of 
an  original  epithelial  cell  (fig.  474).  But  there  is  another  trace  of 
cell-formation  always  to  be  found  in  connection  with  both  inner  and 
outer  rods,  in  shape  of  a little  mass  of  protoplasm,  enclosing  a 
rounded  nucleus,  which  occurs  near  the  base  of  the  rod  and  fills  up 
the  angle  which  it  makes  with  the  plane  of  the  basilar  membrane 
{fig.  471).  Sometimes  these  masses  of  protoplasm  extend  along  the 
last-named  membrane  until  they  come  into  contact,  and  then  the  floor 
of  the  arch  of  Corti  is  covered  by  them. 

As  before  mentioned,  the  inner  rods  are  more  numerous  than  the 
outer,*  they  are  moreover  more  closely  set  so  as  to  touch  one  another 
along^ their  whole  length,  whereas  the  outer  rods  are  only  in  contact 
laterally  by  their  heads  ; finally  the  outer  rods  are  in  all  parts  longer 
than  the  inner,  and  in  the  upper  turns  of  the  cochlea  considerably  so 
(Winiwarter,  Urban  Pritchard).  How  the  two  sets  of  rods  are  jointed 
together  at  their  heads  is  not  very  clear  ; it  is  certain  that  but  very 
little  movement  can  be  permitted,  if  any ; for  the  basilar  membrane 
to  which  they  are  securely  fixed  below  is  stiff  and  seemingly  inelastic, 
and  the  heads  of  adjacent  rods  are  in  close  juxtaposition  laterally. 
It  is  not  improbable  that  the  service  which  the  rods  and  the  other 
cuticular  structures  here  serve,  is  to  keep  the  parts  which  more  im- 
mediately minister  to  the  sense  of  hearing  in  a state  of  sufficient  tension 
to  be  readily  acted  on  by  vibrations. 

Hair-cells.  The  inner  hair-cells  are  closely  applied  against  the  inner 
side  (that  turned  towards  the  limbus)  of  two  or  three  of  the  correspondin'1' 
rods,  the  cells  being  considerably  larger  in  diameter  than  the  rods! 
They  are  very  like  somewhat  short,  columnar  epithelium,  and  are 
prolonged  below  into  a process,  or  it  may  be  more  than  one,  which, 
according  to  Waldevcr,  is  directly  connected  to  one  of  the  nerve  fibres 
which  turn  up  through  the  lamina  spiralis  just  below  these  cells. 

U nder  them,  and  extending  also  below  the  gradually  decreasing  columnar 
epithelium,  is  an  ill-characterised  layer  of  protoplasmic  cells  with  large 

dnl^t  im?C  CTTai?0nS?, whlch  fine  nerve-fibres  are  said  to  run  in  a radial 
tl.0  rnrk  ' • Umtin?, th®  /TP01'  ends  of  the  columnar  cells  internal  to 
Z considerable  amount  of  intercellular  cuticular  tissue,  and 

v fcKt0P  0f  Gach  inncr  hair-cell  a sort  of  ring, 

inner  rork  nn  1°  C Wltb  slight  projections  on  the  flattened  heads  of  the 
‘T'K  appears  to  represent  the  lamina  reticularis  here. 

at  the  nn™,-  enU  , 1>eC"lia1'  in  >*ape.  They  are  cylindrical 
larir  and  hem-  i-l-io 'l  ^ i ,tleyht  into  the  rings  of  the  lamina  retie u- 

flattened  from  within  s^'y,!.0tWer1aown  are  .ribbon-shaped,  being 

n out,  so  that,  when  seen  m profile,  they  look 

inncr'rXlmfSoTk  ia  the  lmman  coclllca  alout  0000  of  the 
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narrow  (as  m fig.  474),  but  when  seen  from  above  each  cell  appears 
nearly  uniform  in  size  throughout  (fig.  475).  At  the  lower  end  the 
cells  seem  to  end  for  the  most  part  with  a rounded  extremity  (fig.  475,  l) 
slightly  bulged  to  one  side,  whilst  from  the  other  side  a process  (p)  is 
prolonged. which  continues  the  oblique  direction  of  the  cell  parallel  to 
the  direction  of  the  outer  rod,  and  is  fixed  below  to  the  basilar  mem- 
brane. (These  processes  were  broken  away  in  the  specimen  from  which 
fig.  474  was  taken.)  The  nucleus  of  the  cell  may  be  either  in  the  upper 
end,  in  the  middle,  or  in  the  rounded  projection  at  the  lower  end. 
It  is  possible  that  there  may  occasionally  be  two  nuclei  in  one  cell, 
one  at  the  upper  and  the  other  at  the  lower  extremity,  but  such  is  by  m> 
means  so  frequently  the  case  as  is  sometimes  described. 


Fig.  474. 


Fif.  474. — Profile  view  of  Inner  and  Outer  Rod  in  connection  with  ^Three 

Hair-cells,  and  part  of  Lamina  Reticularis  (from  the  (Iuinea-pig).  Lichro- 

MATE  OF  POTASH  PREPARATION.  VERY  HIGHLY  MAGNIFIED. 

i.r,  inner  rod;  e.r,  outer  rod  ; hlt  A,  hs,  hair-cells  of  first,  second,  and  third  rovs 
respectively.  They  appear,  especially  the  second  and  third,  narrow  in  the  middle,  the 
thin  ed"e  of  the  riband  being  seen,  but  below  have  become  accidentally  twisted  so  that  the 
flattened  side  is  brought  into  view.  A nucleus  is  visible  in  liv  but  none  is  seen  in  h„, 
nrobably  owing  to  its  being  contained  in  the  part  of  the  cell  the  edge  of  which  is  turned 
towards  the  observer.  The  lower  ends  of  all  three,  together  with  their  basilar  processes, 
have  become  broken  off  in  the  preparation  of  the  specimen  ; s,  one  of  the  succeeding  epi- 
thelial cells ; c,  euticular  thread  attached  to  lamina  reticularis  ; p,  phalangeal  process  ot 
outer  rod  ; p3}  phalanges  of  lamina  reticularis  seen  in  section. 

In  most  animals  there  are  three  series  of  outer  hair-cells,  and  a cor- 
responding number  of  rings  and  phalanges  in  the  lamina  reticularis,  but 
in  man  there  are  four  series  (fig.  4G9,  h),  and  the  lamina  is  correspond- 
ingly larger.  Outside  the  hair-bearing  cells  the  columnar  cells  are  much 
elongated  and  obliquely  disposed  (fig.  474,.),  but  they  become  more  and 
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more  shortened  and  acquire  a more  vertical  direction,  gradually  passing 
into  the  simple,  short  columnar  or  cubical  epithelium  on  the  outer  part 
of  the  basilar  membrane.  Between  all  these  cells,  as  with  those  internal 
to  the  inner  hair-cells,  is  a marked  amount  of  cuticular  deposit  which 
is  continuous  with  the  outer  end  of  the  lamina  leticularis  (fig.  47-j,  p), 
and  may  be  looked  upon  as  prolonging  this.  Moreover,  attached  here 
and  there  to  the  phalanges  of  the  lamina,  processes  or  threads  ot 
cuticular  substance  may  often  be  seen  hanging  downwards  between 
the  hair-cells  (fig.  470  and  fig.  474,  c ).  These 
probably  belong  to  certain  cells  which  he 
below  the  hair-cells  and  in  proximity  to  or 
resting  upon  the  basilar  membrane.  But  the 
exact  character  of  the  cells  in  this  situation 
and  their  relation  to  the  hair-cells,  have 
hitherto  baffled  observation.  In  the  guinea- 
pig  these  underlying  cells  appear  grouped,  for 
the  most  part,  into  an  irregular  protoplasmic 
mass  in  which  the  rounded  ends  of  the  hair- 
cells  lie  embedded,  and  from  which  curved, 
stiff-looking  processes  pass  in  different  direc- 
tions forming  a sort  of  supporting  framework. 

The  successive  series  of  outer  hair-cells  are  not 
in  contact  with  one  another  (although  the 
cells  of  each  series  are  so,  laterally),  but  there 
is  a distinct  interval  between  them  filled,  ap- 
parently, only  by  endolymph,  which  also  occu- 
pies the  meshes  of  the  sustentacular  frame- 
work just  mentioned.  The  whole  region  has 
the  appearance  of  being  kept  in  a state  of 
tension  by  means  of ; stiff  cuticular  structures, 
which  serve  to  unite  and  at  the  same  time 
to  keep  apart,  the  reticular  lamina  above,  and 
the  basilar  membrane  below. 

Considerable  differences  occur  in  the  compactness 
with  which  the  elements  in  the  outer  hair-cell  region 
are  arranged  both  in  different  animals  and  in 
different  parts  of  the  cochlea  of  the  same  animal. 

It  is  hi  the  upper  turns  of  the  cochlea  that  the 
arrangement  which  has  just  been  described  obtains, 
and  it  may  be  best  seen  in  the  cochlea  of  the  guinea- 
pig,  which,  indeed,  for  various  reasons  offers  better 
facilities  for  observation  both  on  this  and  other  points,  than  that  of  any  other 
animal  we  have  examined. 

One  or  two  peculiarities  are  observable  in  the  guinea-pig's  cochlea,  but  they  do 
not  materially  complicate  the  observation.  For  instance,  the  outer  hair-cell 
region  is  developed  into  an  arching  projection,  the  external  part  of  the  arch 
being  formed  by  large  flattened  cells,  and  passing  abruptly  into  the  low-lying 
cubical  epithelium  of  the  outer  part  of  the  basilar  membrane.  This  arched  pro- 
jection is  best  seen  in  the  upper  turns;  and  it  may  further  be  noticed,  that  in  the 
uppermost  turn  the  flattened  epithelial  ’ cells  above-mentioned,  possess  the 
highly-intciesting  peculiarity  of  containing  large  fat  droplets  so  as  to  cause  them 
almost  to  appear  like  young  fat-cells  : the  meaning  of  this  development  of  fat  is 
entirely  unknown. 

The  tectorial  membrane  is  the  lust  special  structure  which  remains 


Fig.  475. 


Fig.  475. — Four  outer 
Hair-cells  in  Connec- 
tion, with  their  Basi- 
lar Processes.  From 
the  Guinea-pig.  High- 
ly MAGNIFIED. 

The  cells  belong  to  the 
same  series  and  are  viewed 
flat.  /(,  one  or  two  hair- 
lets  which  have  remain- 
ed attached  ; b,  bulged 
lower  end  of  cell ; j),  ba- 
silar process,  protoplasmic 
above  but  becoming  cuti- 
cular below  and  slightly 
expanded  at  the  extremity 
f,  which  is  broken  away 
from  the  basilar  mem- 
brane. 
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to  be  described  in  connection  with  the  organ  of  Corti.  It  arises  as 
bcioi'c  stated,  on  the  limbus,  not  far  from  the  line  of  origin  of  Eeissner’s 
membrane,  but  the  extent  to  which  it  covers  the  limbus,  varies  in 
different  animals.  It  overlies  the  projecting  teeth  at  the  edge  of  the 
limbus,  and  also  the  epithelium  between  : all  this  part  of  the  mcm- 
brane  is  thin  and  delicate,  imperceptibly  shading  off  towards  the  inner 
edge  ot  attachment.  As  the  membrane  projects  over  the  crest  of  the 
limbus,  it  swells  out  below  into  a pad-like  projection  which,  as  before 
stated,  covers  in  and  partly  fills  up  the  spiral  groove,  and  rests  below 
upon  the  rods  of  Corti  and  contiguous  structures.  Towards  its  external 
edgn  the  membrane  again  thins  out,  and  over-lies  the  outer  hair-cell 
region . as  a delicate  film  presenting  a somewhat  reticular  appearance, 
as  if  impressed  by  or  moulded  on  the  subjacent  structures.  The 
thickened  part  of  the  membrane  is  distinctly  fibrous  in  appearance  (the 
fibrillation  extending  from  within,  out),  and  after  immersion  in  weak 
solutions  of  chromic  acid,  or  bichromate  of  potash,  it  appears  to  possess 
considerable  toughness  and  elasticity.  TValdeyer  states,  however,  that 
m the  perfectly  fresh  condition  it  is  soft  and  pulpy,  and  he  considers 
that  it  may  serve  as  a damper  to  prevent  any  too  violent  vibrations  of 
the  fluid  which  is  in  immediate  contact  with  the  hair-cells.  It  must 
be  remembered  that  from  its  position  the  hairlets  borne  by  the  latter 
must  necessarily  be  in  contact  with  the  under  surface  of  this  membrane. 
About  its  origin  nothing  certain  is  known,  but  it  appears  to  be  formed 
as  a cuticular  deposit  or  secretion  from  the  epithelial  cells,  upon  which, 
even  at  a comparatively  early  stage  of  development,  it  may  be  seen  to  lie. 

Vessels  and  nerves  of  the  cochlea. — The  cochlear  branches  of  the 
internal  auditory  artery,  twelve  or  fourteen  in  number,  arising  at  the 
bottom  of  the  internal  auditory  meatus,  traverse  the  many  small  canals 
in  the  modiolus  and  bony  lamina  spiralis,  and  form  in  the  latter  a 
capillary  plexus  that  joins  at  intervals  the  vas  spirale,  previously 
mentioned.  From  this  plexus  offsets  are  distributed  in  the  form  of  a 
fine  network  on  the  periosteum,  but  the  vessels  do  not  anastomose 
across  the  membrana  basilaris. 

The  veins  of  the  cochlea  issue  from  the  grooves  of  the  cochlear  axis 
and,  joining  the  veins  of  the  vestibule  and  semicircular  canals  at  the 
base  of  the  modiolus,  pour  their  contents  into  the  superior  petrosal 
sinus. 


The  cochlear  branch  of  the  auditory  nerve  is  shorter,  flatter,  and 
broader  than  any  of  the  other  nerves  of  the  internal  ear,  and  perforates 
the  bone  by  groups  of  minute  foramina  at  the  bottom  of  the  internal 
meatus,  below  the  opening  of  the  Fallopian  aqueduct.  These  groups  are 
arranged  in  a shallow  spiral  furrow  (tractus  spiralis  foraminulentus)  in 
the  centre  of  the  base  of  the  cochlea ; and  they  lead  into  small  bony 
canals,  which  follow  first  the  direction  of  the  axis  of  the  cochlea, 
through  the  modiolus,  and  then  radiate  outwards,  between  the  plates  of 
the  bony  lamina  spiralis.  In  the  centre  of  the  spiral  tract  is  a larger 
foramen  which  leads  to  the  canalis  centralis  modioli.  Through 
this  foramen  and  canal  the  filaments  for  the  last  half-turn  of  the 
lamina  spiralis  are  conducted ; whilst  the  first  two  turns  are  supplied 
by  filaments  which  occupy  the  smaller  foramina  and  bent  canals.  In 
the  bone,  the  nerves  have  dark  outlines,  and  near  the  root  of  the  spiral 
lamina  they  pass  outwards  through  a spirally  wound  ganglionic  cord, 
the  so-called  yanyl/on  spirale,  situated  in  the  special  bony  canal,  canalis 
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Fig.  476. 


Fig.  476. — General  View  op  tiie  Mode  op  Distribution  op  the  Cochlear  Nerve, 

ALL  THE  OTHER  PARTS  HAVING  BEEN  REMOVED. 


spiralis  modioli,  already  mentioned.  Here  each  nerve  fibre  most  pro- 
bably has  a ganglion-cell  interpolated  in  its  course.  From  the  outer 
side  of  the  ganglion,  the  fibres,  still  possessing  the  dark  outline,  pass 


Fig.  477. 


1 iD.  477.  Distribution  op  the  Cochlear  Nerves  in  the  Lamina  Spiralis  (aftei 

Henle). 

npiwk^rirs!,^  m?<ll0',aS  ^ spiral  lamina,  viewed  from  the  base,  showing  the  cochlear 
i i • . 9°  \ et".’0l'  i j h h laments  of  the  nerve  issuing  from  the  tractus  spiralis  fora- 

the  neHe  entering  by  the  central  canal  of  the  modiolus;  3, 
nerves  evti-ietn  l ,>ony  la“lna  spiralis;  4,  close  plexus  at  its  border.  B,  part  of  the 
close  to  the  k,  • m?rerlaghly  magnified  ; 2,  twigs  of  the  nerve  from  the  modiolus 
ol  the  , ‘ ^ &6'1.ra  is  ossea  I Us,  spiral  ganglion  ; fa,  nerve-fibres  running  spirally 

fibres  as  in  A P ganSUon  filing  5 3,  wide  plexus  ; 4,  close  plexus  of  nerve- 
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onwards  with  a plexiform  arrangement,  at  first  in  more  or  less  distinct 
bnt  anastomosing  cords  (fig.  477,  b,  3),  contained  in  distinct  canals  in 
the  bony  lamina,  but  afterwards  spreading  out  into  an  almost  continuous 
stratum  of  intermingling  fibres,  to  be  again  gathered  up,  near  the 
edge  of  the  osseous  lamina,  into  conical  bundles  which  turn  abruptly 
upwards,  and  passing  through  the  elongated  apertures  previously  de- 
scribed, in  the  membranous  stratum  covering  the  bone,  enter  amongst 
the  epithelial  structures  which  form  the  organ  of  Corti,  in  the  region  of 
the  inner  liair-cells. 

Little  is  known  positively  with  regard  to  the  actual  mode  of  ending 
of  the  nerves  amongst  these  structures.  As  they  pass  through  the 
apertures  in  the  membrane,  they  lose  their  medullary  sheath  and  dark 
borders,  and  are  continued  as  simple  axis-cylinders.  Their  further 
course  is  still  a matter  of  doubt.  Some  of  them  are  stated  by  Wal- 
deyer  to  pass  directly  into  the  lower  ends  of  the  inner  hair-cells,  and 
others  to  .pass  outwards  between  the  rods  of  Corti,  stretching  across  the 
tunnel  which  these  enclose,  eventually  ending  in  the  outer  hair-cells,  but 
these  statements,  although  not  improbable,  yet  require  confirmation. 
It  is  possible  that  the  real  termination  of  the  nerves  is  to  be  found  not 
in  the  hair-cells  themselves  but  in  the  subjacent  irregular  protoplasmic 
cells,  which  both  in  the  character  of  their  nucleus,  and  in  other  par- 
ticulars are  not  very  unlike  nerve-cells. 


The  following  numbers  show  the  average  dimensions  of  various  parts  of  the 
human  cochlea.  They  are  copied  from  Waldeyer  (article  “ Cochlea  ” in  Strieker's 
Handbook),  and  represent  the  size  in  micromillimeters.* 

Cochlear  canal,  breadth,  1 st  turn 800 

,,  „ „ 2nd  turn  . . . . . . 700 

„ ,,  , extreme  height  ......  500 

Eeissner’s  membrane,  breadth,  1st  turn  . . . . . 900 

,,  „ . „ 2nd  turn  ....  700 

Limbus  laminae  spiralis,  breadth,  1st  turn  . . . . . 300 

„ ,,  ,,  „ 2nd  turn  . . . 200 — 250 

Eods  of  Corti,  space  between  attachment  of  feet  . G6 — 70 

,,  „ height  of  arch  . . . . . . . 12 

„ „ length  of  inner  rods 50 

„ ,,  length  of  outer  rods  .....  GO — 6G 

Hair-cells,  length  of  inner  . . . . • • .18 

„ „ length  of  outer,  with  basilar  process  . . ■ 

„ „ length  of  hairlets  ...••• 

Membrana  tectoria,  extreme  breadth  ....  200- 

,,  extreme  thickness 
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THE  NOSE. 

The  nose  is  the  special  organ  of  the  sense  of  smell.  It  has  also 
other  functions  to  fulfil  ; — for,  communicating  freely  with  the  cavities 
of  the  mouth  and  lungs,  it  is  concerned  in  respiration,  voice,  and  taste  ; 
and  by  means  of  muscles  on  its  exterior,  which  are  closely  connected 
with  the  muscles  of  the  face,  it  assists  more  or  less  in  expression. 

This  organ  consists  of,  first,  the  anterior  prominent  part,  composed 
of  bone  and  cartilages,  with  muscles  already  described,  which  slightly 
move  the  cartilages,  and  two  orifices,  anterior  nares,  openmg  down- 

* A micromillimeter  is  the  yX^th  part  of  a millimeter,  or  the  o^^th  part  of  an  inch, 
and  is  generally  represented  by  the  Greek  letter  fi. 
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Wards  ; and,  secondly,  of  the  two  nasal  fossae,  in  which  the  olfactory 
nerves’ are  expanded.  The  nasal  fossae  are  separated  from  each  other 
by  a partition,  septum  nasi,  formed  of  hone  and  cartilage : the} 
communicate  with  hollows  in  the  neighbouring  hones  (ethmoid,  sphe- 
noid, frontal,  and  superior  maxillary) ; and  they  open  backwards  into 
the  pharynx  through  the  posterior  nates,  llie  skin  of  the  nose  is 
studded,  particularly  in  the  grooves  of  the  alas  01  outei  walls  of  the 
nostrils,  with  numerous  small  openings,  which  lead  to  sebaceous  follicles. 
Within  the  margin  of  the  nostrils  there  is  a nuinbei  of  shoit,  stiff, 
and  slightly  curved  hairs— vibrissa—- which  grow  from  the  inner  surface 
of  the  alae  and  septum  nasi. 

CARTILAGES  OE  THE  NOSE. 

These  are  the  chief  support  of  the  outer  part  of  the  organ.  _ They 
occupy  the  triangular  opening  seen  in  front  of  the  nasal  cavity  in  the 
dried  skull,  and  assist  in  forming  the  septum  between  the  nasal  fossai. 
There  are  usually  reckoned  two  large  and  three  small  cartilages  on 
each  side,  and  one  central  piece  or  cartilage  of  the  septum. 


Fig.  478. 


Fig.  479. 


Fig.  480. 


Fig.  478 — Lateral  View  of  the 
Cartilages  of  the  Nose  (Ar- 
nold). 2- 

a,  right  nasal  bone  ; b,  nasal 
process  of  the  superior  maxillary 
bone  ; 1,  upper  lateral  cartilage  or 
wing-like  expansion  of  the  septal 
cartilage  ; 2,  lower  lateral  cartilage 
(outer  part)  ; 2*,  inner  part  of  the 
same  ; 3,  sesamoid  cartilages. 


Fig.  479. — Front  View  of  the  Cartilages 
of  the  Nose  (Arnold).  ;f 

a,  a',  nasal  bones  ; 1,  1',  upper  lateral 
cartilages  or  wing-like  expansions  of  the 
septal  cartilage  ; 2,  2',  lower  lateral  car- 
tilages. 


Fig.  4S0. — View  of  the  Cartilages  of  toe 
Nose  from  below  (Arnold),  f 

2,  2',  outer  part  of  the  lower  lateral  car- 
tilages : 2*,  2*,  inner  part  of  the  same  ; 4, 
lower  edge  of  the  cartilage  of  the  septum. 


JIhe  upper  lateral  cartilages  (cartilagines  laterales  nasi)  (figs.  478  and 
470,  l)  arc  situated  in  the  upper  part  of  the  projecting  portion  of  the 
nose,  immediately  below  the  free  margin  of  the  nasal  bones.  Each 
is  flattened  and  triangular  in  shape,  and  presents  one  surface  out- 
wards, and  the  other  inwards  towards  the  nasal  cavity.  The  anterior 
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margin,  thicker  than  the  posterior  one,  meets  the  lateral  cartilage  of  the 
opposite  side  above,  but  is  closely  united  with  the  edge  of  the  cartilage 
ot  the  septum  below ; so  closely  indeed,  that  by  some,  as  Henle,  the 
upper  lateral  are  regarded  as  reflected  wings  of  the  median  cartilage. 
1 he  inferior  margin  is  connected  by  fibrous  membrane  with  the  lower 
lateral  cartilage  ; and  the  posterior  edge  is  inserted  into  the  ascending- 
process  of  the  upper  maxilla  and  the  free  margin  of  the  nasal  bone.  ° 
The.  lower  lateral  cartilages  (cartilagines  alarum  nasi)  (fig.  478,  2,  2') 
are  thinner  than  the  preceding,  below  which  they  are  placed,  and  are 
chiefly  characterised  by  their  peculiar  curved  form.  Each  consists  of 
an  elongated  plate,  so  bent  upon  itself  as  to  pass  in  front  and  on  each 
side  of  the  nostril  to  which  it  belongs,  and  by  this  arrangement  serve 
to  keep  it  open.  The  outer  portion  is  somewhat  oval  and  flattened,  or 
irregularly. convex  externally.  Behind,  it  is  attached  to  the  margin  of 
the  ascending  process  of  the  upper  maxilla  by  tough  fibrous  membrane, 
in  which  are  two  or  three  cartilaginous  nodules  {cart Hag.  minores  vet 
sesamotclece)  (fig.  478,  3)  ; above,  it  is  fixed,  also  by  fibrous  membrane, 
to  the  upper  lateral  cartilage,  and  to  the  lower  and  fore  part  of  the  car- 
tilage of  the  septum.  Towards  the  middle  line  it  is  curved  backwards 
(fig.  480),  bounding  a deep  mesial  groove,  at  the  bottom  of  which  it 
meets  with  its  fellow  of  the  opposite  side,  and  continues  to  pass  back- 
wards, forming  a small  part  of  the  columna  nasi,  below  the  level  of  the 
cartilage  of  the  septum.  This  inner  part  of  the  cartilage  of  the  ala  is 
thick  and  narrow,  curls  outwards,  and  ends  in  a free  rounded  margin 
(2*),  which  projects  outwards  towards  the  nostril.  The  lower  and 

most  prominent  portion  of  the 


Fig.  481. 


Fig.  481. — Osseotjs  and  Cartilaginous  Sep- 
tum op  the  Nose,  seen  from  the  Left 
Side  (Arnold).  § 

a,  right  nasal  bone  ; b,  superior  maxillary 
hone  ; c,  sphenoidal  sinus  ; cl,  perpendicular 
plate  of  the  ethmoid  bone  ; e,  vomer ; 2*,  inner 
part  of  the  rigbt  lower  lateral  cartilage  ; 4, 
cartilage  of  the  septum. 


ala  of  the  nose,  like  the  lobule 
of  the  ear,  is  formed  of  thick- 
ened skin  with  subjacent  tissue, 
and  is  unsupported  by  car- 
tilage. 

The  cartilage  of  the  septum 
(fig.  481,  4)  has  a somewhat 
triangular  outline,  and  is 
thicker  at  the  edges  than  near 
the  centre.  It  is  placed  nearly 
vertically  in  the  middle  line 
of  the  nose,  and  completes,  at 
the  fore  part,  the  separation 
between  the  nasal  fossae.  The 
anterior  margin  of  the  carti- 
lage, thickest  above,  is  firmly 
attached  to  the  back  of  the 
nasal  bones  near  their  line  of 
junction  ; and  below  this  it 
lies  successively  between  the 
upper  and  the  lower  lateral 
cartilages,  united  firmly  with 


the  former  and  loosely  with  the 
latter.  The  posterior  margin  is  fixed  to  the  lower  and  fore  part  of 
the  central  plate  of  the  ethmoid  bone  (e)  ; and  the  lower  margin  is 
received  into  the  groove  of  the  vomer  (v),  as  well  as  into  the  median 
ridge  between  the  superior  maxillae. 
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This  cartilage  is  the  persistent  anterior  extremity  of  the  primordial 
cranium.  In  young  subjects  it  is  prolonged,  back  to  the  body  of  the 
pre-sphenoid  bone  ; and  in  many  adults  an  irregular  thin  band  remains 
between  the  vomer  and  the  central  plate  of  the  ethmoid. 

NASAL  FOSSiE. 

The  nasal  fossae,  and  the  various  openings  into  them,  with  the  pos- 
terior nares,  have  been  previously  described  as  they  exist  in  the  skeleton, 
and  the  greater  part  of  that  description  is  also  applicable  generally  to 
the  nose  in  a recent  state  ; but  it  is  proper  to  mention  certain  dif- 
ferences in  the  form  and  dimension  of  parts,  which  depend  on  the 
arrangement  of  the  lining  membrane,  viz. — 

Throughout  the  whole  of  the  nasal  fossae  it  is  to  be  observed  that — 

Firstly,  owing  to  the  thickness  of  the  membrane  in  question,  (which  not  only 
lines  the  walls  of  the  fossae,  but  covers  the  spongy  bones  on  both  sides,)  the  nasal 
cavity  is  much  narrower  in  the  recent  state.  Secondly,  in  consequence  of  the 
prolongations  of  membrane  on  their  free  margins,  the  turbinate  bones,  and  more 
particularly  the  lower  pair,  appear  in  the  recent  state  to  be  both  more  prominent, 
and  longer  in  the  direction,  from  before  backwards,  than  in  the  dried  skull, 
Thirdly,  by  the  arrangement  of  the  mucous  membrane  around  and  over  the 
orifices  which  open  into  the  nasal  fossa;,  some  of  the  foramina  in  the  bones  are 
narrowed,  and  others  completely  closed. 

Fig.  482. 


Fig.  4S2.  Transverse  Vertical  Section  op  the  Nasal  Foss.e  seen  from  behind 

(Arnold),  f 

1,  part  of  the  frontal  bone  ; 2,  crista  galli  ; 3,  perpendicular  plate  of  the  ethmoid  ; 
between  4 and  4,  the  ethmoid  cells  ; 5,  right  middle  spongy  bone  ; 6,  left  lower  spongy 
bone  ; /,  vomer  ; 8,  malar  bone;  9,  maxillary  sinus;  10,  its  opening  into  the  middle 


In  the  individual  parts  of  the  nasal  fossce  the  following  particulars  are  to  be 
noticed. 

In  the  vpper  meatus , the  small  orifice  which  leads  into  the  posterior  ethmoidal 
cells  is  lined  by  a prolongation  of  the  thin  mucous  membrane  which  continues 
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into  those  cavities  ; hut  the  spheno-palatine  foramen  is  covered  over  by  the 
Schneiderian,  membrane,  so  that  no  such  opening  exists  in  the  recent  nasal 
fossa. 

In  the  middle  meatus,  the  aperture  of  the  infundibulum  is  nearly  hidden  by 
an  overhanging  fold  of  membrane  ; it  leads  directly  into  the  anterior  ethmoidal 
cells,  and  through  them  into  the  frontal  sinus.  Below  and  behind  this,  the 
passage  into  the  antrum  of  Highmore  is  surrounded  by  a circular  fold  of  the 
pituitary  membrane  (sometimes  prominent  and  even  slightly  valvular),  which 
leaves  a circular  aperture  much  smaller  than  the  foramen  in  the  bony  meatus. 

In  the  lower  meatus  the  inferior  orifice  of  the  nasal  duct  is  defended  by  one  or 
two  folds  of  membrane  ; and  when  there  are  two,  the  folds  are  often  adapted  so 
accurately  together  as  to  prevent  even  air  from  passing  back  from  the  cavity  of 
the  nose  to  the  lachrymal  sac. 

In  the  roof  the  apertures  in  the  cribriform  plate  of  the  ethmoid  bone  are  closed 
by  the  membrane,  but  the  openings  into  the  sphenoidal  sinuses  receive  a pro- 
longation from  it. 

In  the  floor  the  incisor  foramen  is  in  the  recent  state  generally  closed.  Some- 
times, however,  a narrow  funnel-shaped  tube  of  the  mucous  membrane  descends 
for  a short  distance  into  the  canal,  but  is  closed  before  it  reaches  the  roof  of  the 
palate.  Yesalius,  Stenson,  and  Santorini,  believed  that  this  tube  of  membrane 
■opened  generally  into  the  roof  of  the  mouth  by  a small  aperture  close  behind  the 
interval  between  the  central  incisor  teeth.  Haller,  Scarpa,  and  more  recently, 
•Jacobson,  find  that  in  man  it  is  usually  closed,  and  often  difficult  of  detection. 
(See  Cuvier’s  Report  on  a paper  by  Jacobson,  “ Annales  du  Museum  d’Hist. 
Naturelle  ; ” Paris,  1811  ; vol.  xviii.  p.  -112.) 


MUCOUS  MEMBRANE. 


The  pituitary  or  Schneiderian  membrane,  which  lines  the  cavities  of 
the  nose,  is  a highly  vascular  mucous  membrane,  inseparably  united, 


Fie.  483. — Outer  Wall  op  the  Left  Nasal  Fossa,  covered  ax  tiie  Pituitarv 

Membrane  (Arnold),  f 

1 frontal  bone ; 2,  left  nasal  bone  ; 3,  superior  maxillary  ; 4,  body  of  the  sphenoid 
with  the  sphenoidal  sinus ; 5,  projection  of  the  membrane  covering  the  upper  spongy 
bone ; 6,  that  of  the  middle  ; 7,  that  of  the  lower ; the  upper,  middle,  and  lower 
meatuses  are  seen  below  the  corresponding  spongy  bones  ; 8,  opening  of  the  Eustachian 
tube  ; 9,  depression  of  the  lining  membrane  of  the  nose  in  the  anterior  palatine  canal. 
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like  that  investing  the  cavity  of  the  tympanum,  with  the  periosteum 
and  perichondrium,  over  which  it  lies.  It  is  continuous  with  the  skin 
through  the  nostrils  ; with  the  mucous  membrane  of  the  pharynx 
through  the  posterior  apertures  of  the  nasal  fossm  ; with  the  conjunctiva 
through  the  nasal  duct  and  lachrymal  canaliculi ; and  with  the  lining 
membrane  of  the  several  sinuses  which  communicate  with  the  nasal 
fossm.  The  pituitary  membrane,  however,  varies  much  in  thickness, 
vascularity,  and  general  appearance  in  these  different  parts.  It  is 
thickest  and  most  vascular  over  the  turbinate  bones  (particularly  the 
inferior),  from  the  most  dependent  parts  of  which  it  forms  projections 
in  front  and  behind,  thereby  increasing  the  surface  to  some  extent.  On 
the  septum  nasi  the  pituitary  membrane  is  also  very  thick  and  spongy ; 
but  in  the  intervals  between  the  turbinate  bones,  and  over  the  floor  of 
the  nasal  fossm,  it  is  considerably  thinner.  In  the  maxillary,  frontal, 
and  sphenoidal  sinuses,  and  in  the  ethmoidal  cells,  the  mucous  lining 
membrane,  being  very  thin  and  pale,  contrasts  strongly  with  that 
which  occupies  the  nasal  fossm. 

In  respect  of  the  characters  of  the  mucous 
membrane,  three  regions  of  the  nasal  fossm 
may  be  distinguished.  Thus,  the  region  of 
the  external  nostrils,  including  all  the  part 
which  is  roofed  by  the  nasal  cartilages,  is 
lined  with  stratified  squamous  epithelium  ; 
and  the  remainder  is  divisible  into  two 
parts,  viz.,  the  olfactory  region  in  which 
the  epithelium  is  non-ciliated  and  columnar, 
and  the  respiratory  region  in  which,  as  also 
in  the  sinuses,  it  is  ciliated  and  columnar. 

The  membrane  in  the  respiratory  part,  con- 
sisting of  the  inferior  turbinated  and  all  the 
lower  portions  of  the  fossm,  is  studded  with 
numerous  racemose  mucous  glands,  which 
open  by  orifices  apparent  on  the  surface. 

These  are  most  numerous  about  the  middle 
and  hinder  parts  of  the  nasal  fossm,  and  are 
largest  at  the  back  of  the  septum  near  the 
floor  of  the  nasal  cavity.  They  are  much 
smaller  and  less  numerous  in  the  membrane 
lining  the  several  cavities  which  communi- 
cate with  the  nasal  fossm. 

Olfactory  mucous  membrane.  — The 
olfactory  region  or  that  in  which  the 
olfactory  nerve  is  distributed,  includes  the 
upper  and  middle  turbinated  parts  of  the 
fossm,  and  the  upper  portion  of  the  septum. 

It  is  extiemety  vascular,  a close  plexus  of  large  capillary  vessels  being 
found  under  the  lining  membrane  throughout  its  whole  extent.  Its 
mucous  membrane  is  thicker  and  more  delicate  in  consistence  than  that 
of  t ic  dilated  region,  being  soft  and  pulpy.  It  lias  a distinct  yellow 
co  0111  in  man  ; brown  in  some  animals.  The  glands  of  this  region 
aie  numeious,  but  are  of  a more  simple  structure  than  those  in  the 
lowci  part  of  the  fossm  ; amongst  them,  however,  some  ordinary  race- 
mose glands  aie  occasionally  to  be  found.  The  columnar  cells  on  its 


Fig.  484. 


Fig.  4S4. — Vertical  Section 

OF  A SHALL  PORTION  OF  THE 

Membrane  of  the  Nose 
from  the  Olfactory  Re- 
gion ^Ecker).  50  Dia- 
meters. 

a,  coloured  part  of  the  epi- 
thelium ; a',  nuclei  ; b,  deeper 
part  containing  the  olfactory 
cells  ; c,  connective  tissue 
of  the  mucous  membrane  ; d, 
one  of  the  glands  ; d’,  its 

duct ; c,  twig  of  the  olfactory 
nerve  ; c'  small  twig  passing 
towards  the  surface. 
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surface  are  prolonged  at  their  deep  extremities  into  a process  generally 
somewhat  thickened  towards  its  deeper  end,  which  usually  includes  a 
number  of  bitty  granules  ; and  from  this  thickened  part  branches  pro- 
ceed, which  are  stated  byExncr  and  Martin  to  communicate  with  those 
of  neighbouring  cells,  so  as  to  form  a communicating  network  through- 
out the  extent  of  the  membrane,  underneath  the  epithelium.  Between 
and  amongst  these  branching  central  ends  of  the  columnar  cells  there 
are  a large  number  of  peculiar  spindle-shaped  cells  (fig.  485,  l),  each 
consisting  of  a large,  clear  nucleus  surrounded  by  a relatively  small 
amount  of  granular  protoplasm.  From  each  cell  proceeds  a superficial 
and  a deep  process.  The  superficial  process  (c)  is  a cylindrical  or  slightly 
tapering  thread  passing  directly  to  the  surface,  and  terminating  abruptly 

at  the  same  level  as  the  epithelial 
cells  between  which  it  lies  : the 

deep  process  (c?)  is  more  slender,  and 
passes  vertically  inwards.  This  last 
frequently  presents  a beaded  ap- 
pearance similar  to  that  observed 
in  fine  nerve-filaments,  and  con- 
sidered to  be  of  a similar  accidental 
origin.  These  cells  were  termed  by 
Max  Schultze,  their  discoverer,  olfac- 
tory cells,  to  distinguish  them  from 
the  columnar  epithelium  cells  above 
described,  than  wrhich  they  are  much 
more  numerous,  and  which  they  entirely 
surround  with  their  fine  rod-like  peri- 
pheral processes.  It  is  probable  that 
their  fine  varicose  central  processes  are 
directly  continuous  with  the  fibrils  of 
the  olfactory  nerve,  but  the  continuity 
has  never  been  actually  observed. 
The  nucleated  bodies  of  the  olfactory 
cells  are  several  rows  deep,  and  form  a 
layer  of  considerable  thickness  beneath 
the  columnar  cells. 

The  superficial  process  of  the  olfactory 


Fig.  485. 


Fig.  485. — Cells  and  Terminal 
Nerve-fibres  of  the  Olfactory 
Region  (from  Frey  after  Schultze). 
Highly  magnified. 

1,  from  the  frog  ; 2,  from  man  ; 
a,  epithelial  cell,  extending  deeply 
into  a ramified  process  ; b,  olfactory 
cells  ; c,  their  peripheral  rods ; c, 
their  extremities,  seen  in  1 to  he 
prolonged  into  fine  hairs  ; cl,  their 
central  filaments  ; 3,  olfactory  nerve- 
fibres  from  the  clog ; n,  the  division 
into  fine  fibrilkse. 


be  met  with  between  the  two, 
a common  network,  to  which, 


cell  was  observed  by  Schultze  to  be  sur- 
mounted by  a short,  stiff  projection  (fig. 
485,  2 e),  and  has  been  so  described  by 
others;  but  it  is  now  agreed  that  this 
appearance  results  from  the  coagulation  of 
albuminous  matter  escaped  from  the  interior 
of  the  process.  Long  and  fine  hair-like  pro- 
cesses do,  however,  exist  on  the  olfactory 
membranes  of  amphibia,  reptiles,  and  birds 
(fig.  485,  le),  but  they  have  not  been  observed 
in  mammals. 

A doubt  has  been  thrown  by  Exner  upon 
the  definiteness  of  the  distinction  between 
the  epithelial  and  the  olfactory  cells  of  this 
region  : he  states  that  every  transition  may 
and  "that  the  central  processes  of  both  end  in 
moreover,  the  nerve  fibrils  are  distributed. 


OLFACTORY  NERVE. 
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'The  subject  has  since  been  again  carefully  investigated  by  Martin,  who  upholds 
the  correctness  of  Mas  Schultze’s  views.* 


Fig.  4SG. 


Fig.  4S6. — Nerves  of  the  Septum  Nasi,  seen  from  the  right  side  (from  Sappey, 

after  Hirsclifeld  and  Leveille).  § 

I,  the  olfactory  bulb  ; 1,  the  olfactory  nerves  passing  through  the  foramina  of  the 
•cribriform  plate,  and  descending  to  be  distributed  on  the  septum  ; 2,  the  internal  or 
;septal  twig  of  the  nasal  branch  of  the  ophthalmic  nerve  ; 3,  naso-palatine  nerves. 


Fig.  4S7. — Nerves  of  the  Outer  Wall 
of  the  Nasal  Foss.e  (from  Sappey, 
after  Hirsclifeld  and  Leveille).  5 

1,  network  of  the  branches  of  the 
•olfactory  nerve,  descending  upon  the  region 
of  the  superior  and  middle  turbinated 
bones  ; 2,  external  twig  of  the  ethmoidal 
branch  of  the  nasal  nerve  ; 3,  spheno- 
palatine ganglion  ; 4,  ramification  of  the 
anterior  palatine  nerves ; 5,  posterior, 
and  6,  middle  divisions  of  the  palatine 
nerves  ; 7,  branch  to  the  region  of  the 
inferior  turbinated  bone  ; S,  branch  to 
the  region  of  the  superior  and  middle 
turbinated  bones  ; 9,  naso-palatine  branch 
to  the  septum  cut  short. 

Olfactory  Nerve. — The  fila- 
ments of  this  nerve,  lodged  at 
first  in  grooves  on  the  surface  of 
the  bone,  enter  obliquely  the  sub- 
stance of  the  Schneiderian  mem- 
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nane,  and  pass  to  their  distribution  between  its  mucous  and  fibrous 
layers.  The  nerves  of  the  septum  (fig.  486)  are  rather  larger  than 
those  °f  the  outer  wall  of  the  nasal  fossm  ; they  extend  over  the  upper 
tmd  o t ie  septum,  and  as  they  descend  become  very  indistinct.  The 
neives  of  tie  outer  wall  are  divided  into  two  groups — the  posterior 


* Exner,  Wiener  Sitzungsberichte, 
Anat.  and  Physiol.,”  vol.  viii. 
vol.  n. 


1370  and  1872  ; 


H.  Newell  Martin,  “ Journal  of 
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branches  being  distributed  over  the  surface  of  the  upper  spongy  bone, 
and  the  anterior  branches  descending  over  the  plain  surface"  of  the 
ethmoid  and  the  middle  spongy  bone. 

The  nerves  as  they  descend,  ramify  and  unite  in  a plexiform  manner, 
and  the  filaments  join  in  brush-like  and  flattened  tufts,  which,  spreading 
out  laterally  and  communicating  freely  with  similar  offsets  on  each 
side,  form  a fine  network,  with  elongated  and  narrow  intervals  between 
the  points  of  junction. 

In  their  nature  the  olfactory  filaments  differ  much  from  the  ordinary 
dark-bordered  fibres  of  the  cerebral  and  spinal  nerves  : they  possess 
no  medullary  sheath,  are  pale,  and  finely  granular  in  aspect,  firmly 
adherent  one  to  another,  and  have  oval  corpuscles  on  their  surface 
(fig.  488). 

The  greater  part  of  the  mucous  membrane  of  the  nasal  fossse  is  pro- 
vided also  with  nerves  of  common  sensibility,  derived  from  branches 
of  the  fifth  pair  : the  distribution  of  these  has  already  been  de- 
scribed. 

Fig.  488. 


Fig.  488. — Nerve-Fibres  from  the  Olfactory  Mucous  Membrahe  (Max  Schultze). 
Magnified  between  400  and  500  diameters. 

From  a branch  of  the  olfactory  nerve  of  the  sheep  ; at  a,  a,  two  dark  bordered  or  medul- 
lated  fibres,  from  the  fifth  pair,  associated  with  the  pale  olfactory  fibres. 
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EMBRYOLOGY ; 

OR,  DEVELOPMENT  OF  THE  FCETUS  AND  ITS  ORGANS. 

It  is  proposed  to  bring1  together  in  the  present  Section  a short  state- 
ment of  the  manner  in  which  the  parts  of  the  body  originate  in  the 
embryo,  and  acquire  by  development  in  the  course  of  foetal  life  their 
complete  form  and  structure.  The  collected  facts  bearing  upon  this 
subject  constitute  the  department  of  anatomy  known  as  Embryology, 
Embryological  or  Foetal  Anatomy,  or  Foetal  development, — a knowledge 
of  which  is  not  only  most  interesting  in  itself,  but  is  also  of  great 
importance  for  the  elucidation  of  adult  human  anatomy  and  the  whole 
science  of  Organic  Morphology. 

Although  much  attention  has  been  given  to  the  structure  of  the 
human  foetus  at  different  periods  of  its  growth,  yet  the  materials  are 
still  wanting  for  a detailed  history  of  its  early  development ; accord- 
ingly it  is  necessary  for  further  elucidation  to  have  recourse  to  the 
information  obtained  by  studying  the  process  in  animals.  But  this 
illustration  from  analogy  is  fully  warranted  by  the  general  conformity 
in  the  plan  of  development  which  has  been  ascertained  to  prevail 
among  the  higher  vertebrate  animals,  and  by  the  agreement  with  this 
plan  of  the  more  important  phenomena  which  it  has  been  possible  to 
observe  in  the  human  species.  In  what  follows,  therefore,  while  the 
main  object  will  be  to  state  the  more  important  facts  which  have  been 
ascertained  as  to  the  development  of  the  human  ovum  and  embryo,  the 
history  of  the  phenomena  as  they  occur  in  birds  and  mammals  will 
also  be  referred  to  in  so  far  as  it  tends  to  throw  light  on  human 
embryology. 

1.  THE  OVUM  : ITS  MATURATION,  FECUNDATION  AND  SEGMENTA- 
TION : FORMATION  OF  THE  BLASTODERM. 

The  mature  ovarian  ovum. — The  unfecundated  ovarian  ovum 
which  is  approaching  maturity,  and  is  about  to  be  discharged  from  the 
Graafian  follicle  and  pass  into  the  Fallopian  tube,  is  composed  of  the 
following  parts,  viz.  : — 1.  The  firm,  almost  homogeneous  external 
vitelline  membrane,  which  is  termed  zona  pellucida  in  mammals  ; 2.  The 
yollc  substance  or  vitellus,  a mass  of  soft  or  semifluid  protoplasmic 
matter,  involving  numerous  granules  and  oil  globules,  and  containing 
embedded  in  it,  near  the  surface  ; 3.  The  germinal  vesicle,  consisting 
of  a spheroidal  delicate  enclosing  membrane  with  protoplasmic  fluid 
and  fine  granules  within,  aud  containing  in  its  earlier  states  if  not  to 
the  Mst ; 4.  The  germinal  spot  or  macula. 

I he  ov  aiian  ovum,  therefore,  may  be  regarded  as  a complete  organised 
cell,  in  which  the  yolk  forms  the  protoplasmic  contents,  the  germinal 
\esicle  the  nucleus,  and  the  macula  the  nucleolus. 

Distinction  of  the  germ. — In  the  ovum  of  the  mammal  the  whole 
yolk-substance  is  so  uniformly  of  the  same  appearance  and  structure 
thioughout  that,  but  for  the  presence  of  the  germinal  vesicle,  little  dis- 
tinction can  be  perceived  between  one  part  and  another  ; and,  further, 
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the  greater  part  of  the  yolk  is  immediately  engaged  in  the  first  or  pre- 
liminary changes  which  precede  the  occurrence  of  embryonic  develop- 
ment. The  whole  yolk-mass,  or  its  greater  part,  is  therefore  directly 
formative  or  germinal,  or,  as  it  has  been  said,  the  ovum  is  holoUastk. 

But  in  birds  and  reptiles,  in  which  the  ova  are  comparatively  large, 
the  greater  part  of  the  yolk  forming  the  yellow  yolk  substance,  takes  no 
immediate  part  in  the  first  formative  processes,  and  these  are  restricted 
to  the  small  whitish  flat  disc,  called  the  ckalrkula  in  the  fowl’s  egg, 
which  is  composed  of  fine  granular  protoplasm,  occupies  a determinate 
place  on  the  surface  of  the  larger  yolk-mass,  and,  so  long  as  the  yolk 
remains  in  the  ovary,  has  the  germinal  vesicle  situated  in  its  centre. 

Fig.  489. — Ovarian  Ovum  of  a Mam- 
mifer.  2§° 

a,  Tlie  entire  oVum,  viewed  under 
pressure  ; the  granular  cells  have  been 
removed  from  the  outer  surface,  the 
germinal  vesicle  is  seen  in  the  yolk  sub- 
stance within  ; b,  the  external  coat  or 
zona  burst  by  increased  pressure,  the 
yolk  protoplasm  and  the  germinal  vesicle 
having  escaped  from  within  ; c,  germinal 
vesicle  more  freed  from  the  yolk  sub- 
stance. In  all  of  them  the  macula  is 
seen. 

To  the  part  thus  distinguish- 
able from  the  rest  of  the  yolk 
the  name  of  germ  may  be  given  ; 
and  it  has  also  been  styled  the 
primary  or  germinal  or  formative  yolk,  and  the  protoplasm  or  protoblast, 
while  the  remainder  of  the  yolk-substance  has  been  called  the  nutritive 
or  food  yolk,  the  secondary  yolk  or  deutoplasm.  The  oviparous  ovum 
has  therefore  been  named  meroblastic,  or  partially  germinal. 

It  is  not  known  whether  in  the  mammals’  ovum  the  whole  yolk  ought 
to  be  considered  as  purely  germinal,  or  whether,  as  seems  more  pro- 
bable, some  nutritive  yolk  may  not  be  combined  intimately  with  the 
germinal  substance ; but  even  if  so,  it  is  obvious  that  the  germinal  bears 
a much  larger  proportion  to  the  nutritive  yolk  than  in  the  bird  or  reptile, 
and,  as  will  appear  more  clearly  hereafter,  there  is  thus  some  founda- 
tion for  the  distinction  between  the  holoblastic  and  the  meroblastic 
forms  of  ova,  although  it  may  be  that  in  different  animals  these  forms 
pass  insensibly  into  one  another. 

In  both  kinds  of  ova,  however,  whether  holoblastic  or  meroblastic,  the 
subsequent  phenomena  of  development  show  that  the  spot  where  the 
organising  process  begins,  occupies  a determinate  situation  in  the 
ovum,  and  that  the  first  rudiments  of  the  embryo  arrange  themselves 
in  a determinate  order  round  a central  point  in  the  germ. 

There  is,  therefore,  in  the  ova  of  birds  and  mammals,  a part  of  the 
yolk  which  is  more  immediately  germinal,  and  a central  point  of  that 
o-erm  from  which  development  spreads,  to  which  the  name  of  germinal 
pole  may  be  given.  The  centre  of  the  germ  is  probably  coincident 
with  the  place''  last  occupied  by  the  germinal  vesicle. 

Disappearance  of  tlie  germinal  vesicle. — The  most  marked 
■change  in  the  interior  of  the  ovum  which  is  known  to  accompany  its 
maturation  and  escape  from  the  ovary  is  the  disappearance  of  the 
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terminal  vesicle, —a  phenomenon  which  occurs  in  all  vertebrates,  and 
in  a large  proportion  of.  hut  probably  not  all  invertebrate  animals.  Ibis 
change  is  independent' of  fecundation.  The  details  of  the  process  have 
not  been  traced  in  mammals,  but  from  various  observations  m birds 
and  batrachia,  and  more  especially  from  the  recent  minute  researches 
of  Oellacher  in  fishes,  it  follows  that  the  disappearance  of  the  vesicle 
really  depends  on  its  extrusion  from  the  substance  of  the  yolk  in  which 
it  was  imbedded,  and  is  attended  with  the  bui sting  or  breaking  down 
of  its  delicate  outer  membrane  ; so  that  when  the  vesicle  is  thrust  out 
on  the  surface  of  the  yolk,  and  opened  out,  its  fluid  contents  must  be 
effused  in  the  space  intervening  between  the.  vitelline  membiane  and 
the  surface  of  the  yollc.  The  actual  expulsion  of  the  vesicle  in  the 
trout’s  ovum  is  attributed  by  Oellacher  to  the  contractions  of  the  yolk 
protoplasm,  and  the  expulsion  of  the  vesicle  in  this  animal,  takes  place 
previous  to  the  rupture  of  its  membrane  and  dispersion  of  its  contents. 
(Archiv.  f.  Mikroscop.  Anat.  vol.  viii.  p.  24.) 


Fig.  490. — Mature  Ovarian  Ovum  of  the 
Guinea-pig  (from  Bisclioff. ) 3f° 

Tlie  zona  pellucida  is  hidden  by  the  adherent 
cells  of  the  membrana  granulosa,  which  have  as- 
sumed a pediculated  form  next  its  surface.  The 
finely  granular  yolk  substance  fills  the  cavity  of 
the  zona.  The  germinal  vesicle  has  disappeared. 

The  time  at  which  the  disappearance 
takes  place  seems  to  be  subject  to  some 
variation.  Most  frequently  it  is  close 
upon  the  time  of  the  escape  of  the 
ovum  from  the  Graafian  follicle  ; but 
sometimes  it  is  several  hours  later,  and 
in  other  instances  it  seems  to  occur 
previously  ; and,  indeed,  in  many  cases 
preparatory  changes  in  the  position,  form,  and  consistence  of  the  vesicle 
have  been  observed  while  the  ovum  was  still  within  the  ovary. 

As  the  mammiferous  ovum  leaves  the  ovary  it  lias  still  adhering  to 
its  outer  surface  one  or  tv7o  layers  of  the  cells  belonging  to  that  part 
of  the  tunica  granulosa  with  which  it  was  surrounded  in  the  Graafian 
follicle.  These  cells  assume  towards  the  period  of  maturation  more  or 
less  of  a pediculated  form  (see  fig.  490),  but  after  one  or  two  days  they 
gradually  fall  away  from  the  surface  of  the  zona,  and  leave  that  mem- 
brane free  in  the  Fallopian  tube. 

Fecundation. — Should  the  ovum  not  be  fecundated  it  is  carried 
down  through  the  female  passages  by  the  ciliary  action  of  the  lining 
membrane,  and  is  lost  by  absorption  or  removal.  But  if  seminal  matter 
is  present  in  the  tubes,  and  the  ovum  is  subjected  to  its  influence  within 
a due  time,  so  that  fecundation  is  effected,  there  immediately  follows 
the.  commencement  of  a series  of  changes  in  the  yolk  protoplasm, 
which  result  in  the  formation  in  a determinate  situation  of  a stratum 
of  organised  cells  constituting  the  laminar  germ  named  the  blastoderm, 
which  is  the  seat  of  all  subsequent  processes  of  development  in  the 
ovum. 

The  encounter  of  the  ovum  with  the  seminal  filaments  or  sperma- 
tozoa generally  takes  place  in  the  upper  part  of  the  Fallopian  tube  or 
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oviduct,  and  it  is  now  ascertained  that  the  spermatozoa  not  only  adhere, 
in  numbers  to  the  external  surface  of  the  ovum,  but  actually  penetrate 
through  the  zona,  so  as  to  come  in  contact  with  and  possibly  also  com- 
bine with  the  substance  of  the  yolk  (sec  figs.  491,  492,  and  493).  We 
are,  however,  entirely  ignorant  of  the  nature  of  the  operation  of  the 
spermatozoa  upon  the  substance  of  the  germ.  The  shrivelled  remains 
of  these  particles  are  seen  for  days  adherent  to  the  ova,  and  even  in  the 
substance  of  the  germ,  and  though  doubtless  they  at  last  disappear,  it 
has  not  been  determined  whether  this  is  by  combination  of  their  sub- 
stance with  that  of  the  germ  or  in  what  other  way  the  mutual  or 
reciprocal  action  of  the  male  and  female  generative  elements  may 
take  place. 

The  fact  remains  as  one  of  the  most  remarkable  in  the  whole  range 
of  biological  phenomena,  that  by  the  contact  of  an  inappreciable  amount 
of  the  male  product  with  the  germinal  material  of  the  ovum,  the  latter 
passes  from  an  apparently  inert  condition  into  one  of  genetic  activity, 

Fig.  491. 

Fig.  491. — Ovum  of  the  Rabbit  from  the 
Fallopian  Tube,  twelve  hours  after  Im- 
pregnation (from  Bischoff).  2f° 

A few  granular  cells  adhere  to  the  outer  surface 
of  the  zona,  in  which  and  in  the  zona  itself  sper- 
matozoa are  seen  ; a,  zona ; b,  two  hyaline  globules 
within  the  cavity  left  by  the  shrinking  of  the  yolk. 

the  ultimate  result  of  which  is  the  ac- 
complishment of  a series  of  the  most  com- 
plicated phenomena  of  organic  formation 
and  growth,  giving  rise  to  a new  being, 
which,  while  it  may  be  of  either  sex, 
repeats  in  all  respects  the  characters  of  the  species,  and  may  inherit  in 
a greater  or  less  degree  the  minutest  peculiarities,  whether  structural 
or  functional,  of  either  or  of  both  its  parents. 

There  are  two  changes  following  impregnation  which  have  been  observed  in 
the  mammals  ovum,  and  which  are  deserving  of  notice,  though  their  import  is  not 
yet  known.  One  of.  these  changes  consists  in  a certain  contraction  or  diminu- 
tion in  the  size,  and  an  increase  in  the  apparent  compactness  or  firmness  of  the 
mass  of  the  yolk,  so  that  a larger  space  than  before,  filled  with  clear  fluid, 
comes  to  intervene  between  the  yolk  and  the  surrounding  zona.  The  other 
change  referred  to  is  the  appearance  in  this  space  of  one,  or  most  frequently 
two,  and  occasionally  of  three,  clear  or  hyaline  spherules,  which  are  easily  dis- 
tinguished from  the  surrounding  fluid  by  their  peculiar  highly  refracting  out- 
line (Quatrefages,  Ed.  Van  Beneden,  Bischoff).  These  spherules  are  of  variable 
size,  but  generally  their  diameter  is  from  one-tenth  to  one-fifteenth  of  that  of 
the  mammals  ovum  (fig.  491,  b,  and  492,  A).  They  are  perfectly  hyaline  and 
homqgeneous  and  do  not  appear  to  possess  any  external  envelope.  They  remain 
visible  for  some  days  during  the  early  phases  of  yolk-segmentation,  about  to  be 
described,  and  hence  by  some  they  have  been  named  segmentation,  globules. 
Their  source  and  destination,  however,  are  entirely  unknown. 

Segmentation  of  the  yolk  or  germ. — After  the  disappearance  of 
the  germinal  vesicle  the  germinal  part  of  the  yolk  constitutes  for  a 
time  a non-nucleated  mass  of  protoplasm  ; and  if  then  subjected  to  the 
influence  of  fecundation  it  undergoes  the  change  of  segmentation,  which 
results  in  the  conversion  of  the  germ  or  germinal  part  of  the  yolk  into 
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a layer  of  organised  cells.  This  new  organised  structure  the  blasto- 
derm of  Pander,  is  the  future  seat  of  embryonic development.  _ 

A segmenting  process  of  this  kind  is  universal  throughout  animals  as 
a prelude  to  the  commencement  of  embryonic  development ; hut  it 
differs  greatly  in  its  extent,  and  somewhat  also  m its  nature,  according 
to  the  proportional  relation  of  the  directly  germinal  to  the  nutritive 
components  of  the  yolk  in  different  classes  of  animals  Thus  in  mam- 
mals, the  process  of  cleavage  appears  to  be  complete  or  to  involve 
the  whole  mass  of  the  yolk  protoplasm,  with  which  the  germ  is 
coextensive,  at  least  in  the  first  steps  of  the  process ; while  in  the  bird  s 
emr,  which  is  pre-eminently  merobtastic,  the  segmentation  is  lestncted 
in°the  first  instance  to  the  disc  of  the  cicatricula,  and  the  gieat  mass 
of  the  yolk  substance  takes  no  share  in  the  change. 

In  intermediate  forms  of  ova,  as  in  amphibia  and  osseous  fashes  the 
segmenting  division  extends  to  a greater  or  less  width  over  the  yolk, 


Fig.  492. — Ova  of  the  Rabbit  undergoing  Segmentation  in  their  descent  through 
the  Fallopian  Tube.  (From  Bischoff.) 

A,  tlie  ovum  from  the  middle  part  of  the  tube  twelve  or  fifteen  hours  after  impreg- 
nation, the  germinal  vesicle  has  disappeared,  the  yolk  is  contracted,  and  two  hyaline 
globules  are  seen  in  the  cavity  between  it  and  the  zona  ; rotation  of  the  yolk  took  place 
in  the  direction  of  the  arrows  ; B,  ovum  a little  more  advanced,  the  first  segmentation  has 
taken  place,  a clear  globule  or  nucleus  is  seen  in  both  the  yolk  spheres  : spermatozoa 
adhere  everywhere  to  the  zona  ; C,  an  ovum  four  hours  later  than  that  shown  in  B,  the 
second  segmentation  has  taken  place  ; D,  ovum  from  the  lower  part  of  the  tube  in  which 
the  third  stage  of  segmentation  is  completed,  and  eight  yolk  spheres  are  formed,  the 
albuminous  covering  is  increased  in  thickness  : diameter  of  the  whole,  T(^tk  of  an  inch. 
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just  in  proportion  to  the  respective  limits  of  the  germinal  and  nutritive* 
parts  of  the  yolk ; but  always  affecting  first  the  germinal  part,  and 
extending  subsequently  outwards  from  the  germinal  pole  as  a centre. 

The  process  of  segmentation  has  not  been  seen  in  the  human  subject,, 
for  the  human  ovum  has  not  yet  been  detected  in  the  progress  of  its; 
descent  through  the  Fallopian  tubes  ; but  the  phenomena  have  been 
observed  with  care  by  Bischoff  and  others  in  a variety  of  mammi- 
ferous  animals,  and  as  no  important  differences  have  been  found  to 
occur  among  them,  there  is  no  reason  to  doubt  the  similarity  of  the 
process  in  man.  The  yolk  cleavage  sets  in  within  a few  hours  of  the 
entrance  of  the  mammiferous  ovum  into  the  tube,  and  continues  to  pro- 
gress regularly  during  its  descent  towards  the  uterus,  soon  after  its 
arrival  in  which  the  process  is  completed.  The  duration  of  this  varies 
in  different  animals,  being  not  more  than  from  three  to  four  days  in  the 
rabbit,  in  which  it  is  the  shortest  known,  and  extending  to  from  seven 
to  eight  days  in  the  dog.  It  probably  occupies  not  less  than  eight  days 
in  the  human  subject. 

In  the  bird’s  egg  the  segmentation  of  the  cicatricula  is  accomplished 
between  the  time  of  the  entrance  of  the  yolk  into  the  oviduct  and  that 
of  its  being  laid  with  its  albuminous,  membranous,  and  shell  coverings,, 
which  may  vary  from  1G  or  20  to  24  or  80  hours  ; and  there  may  be 
some  difference  in  the  degree  of  completeness  of  the  segmenting  pro- 
cess at  the  time  of  the  exclusion  of  the  egg,  according  to  the  time  the 
egg  has  taken  to  pass  through  the  oviduct,  the  season  of  the  year,  and 
other  circumstances. 

Fig.  493. — Ovum  op  the  Rabbit 

SIXTY-EIGHT  HOUBS  AFTER  IM- 
PREGNATION (Allen  Thomson). 

250 

1 * 

This  oviun  is  probably  in  the 
sixth  stage  of  segmentation.  Sper- 
matozoa were  observed  within  the 
zona,  z,  the  zona  ; a,  the  thick 
layer  of  albumen  peculiar  to  the 
rabbit’s  ovum  at  this  stage. 

a.  Segmentation  of  the 
mammal’s  ovum. — This  pro- 
cess may  be  shortly  de- 
scribed as  follows  : — First 
the  whole  mass  of  yolk- 
protoplasm,  contracted  as 
before  mentioned,  splits  into 
two  somewhat  ovoid  or  el- 
lipsoid masses,  by  the  for- 
mation of  a fissure  which 
begins  on  the  surface  and 
speedily  runs  through  the 
whole  thickness  of  the  yolk 
(fig.  492,  b).  The  two  masses  so  formed  lie  somewhat  pressed  together 
within  the  vitelline  membrane;  each  mass  presenting  nearly  the  same 
appearance  and  structure  as  the  whole  yolk  did  previous  to  its  cleavage. 
But  as  soon  as  this  change  has  taken  place,  and  according  to  some 
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observers  even  previous  to  its  commencement,  there  may  be  seen  within 
each  mass  a small  clear  space  similar  to  a nucleus.  To  these  precursors 
of  nuclei  the  name  of  blastide  has  been  given. 

In  the  next  stage  each  of  the  two  first  segments  becomes  cleft  so- 
as  now  to  form  four  (c),  each  one  of  these  having  its  clear  spherule  or- 
nucleus  within  ; a third  division  resolves  the  masses  into  eight,  of  like 
composition  with  those  which  preceded  them  (d),  the  segments  becoming 
of  less  and  less  size  in  successive  stages,  as  meanwhile  the  bulk  of  the 
ovum  as  a whole  undergoes  little  increase.  The  fouitli  stage  ends  in  ft 
division  into  16  segments,  the  fifth  into  o2,  the  sixth  into  64  (fig.  4Jb),  the 
seventh  into  128,  and  the  eighth  into  256  (fig.  494).  But  it  is  right  here 
to  observe  that  while  it  is  possible  in  the  earlier  stages  to  tiace  the- 
reduplication  of  individual  masses  so  that  the  succession  of  theii 
numbers,  when  the  division  is  complete  in  each  stage,  follows  in  the 
series  of  the  multiples  of  two,  yet,  as  the  division  of  the  different  masses 
in  any  stage  is  not  simultaneous,  other  and  as  they  might  be  termed 
irregular  numbers  may  be  observed,  especially  in  the  earlier  intervals  of 
division ; as  for  example,  three  between  the  first  and  second  stage,  or 
five,  six,  or  seven  masses  between  the  second  and  third,  and  so  on. 
In  the  more  advanced  stages,  from  the  great  increase  in  number,  it 
becomes  almost  impossible  to  follow  the  division  of  individual  masses. 

It  is  also  deserving  of  notice  that  while  the  earlier  clefts  seem  to 
pass  right  through  the  yolk  and  its  first  segments,  so  as  to  involve- 
in  the  first  four  or  five  stages  the  whole  mass  of  the  yolk,  in  the  later 
stages  they  do  not  do  so,  and  the  process  seems  to  be  in  so  far  dif- 
erent,  that  the  segmenting  spheres  come  to  be  collected  on  the  surface* 
and  a mass  of  unsegmented  granular  and  semi-fluid  protoplasm  or 
yolk  substance  remains  within.  However  this  may  be  effected,  it  is 
certain  that  the  later  division  involves  only  the  superficial  set  of 
spherules,  and  when  the  process  is  completed,  the  yolk  mass  comes, 
thus  to  be  covered  by  a layer  of  these  protoplasmic  spherules  or  segment 
globules,  each  of  which  possesses  a nucleus  and  may  after  a time  also 
acquire  an  external  envelope,  so  as  to  present  in  all  respects  the  features, 
of  a fully  formed  organised  cell.  (See  the  account  of  the  histological 
relations  of  these  spherules  in  the  General  Anatomy,  p.  9). 


Fig.  494. — Ovuji  of  the  Rabbit  from  the 

Uterus,  (from  Kolliker  after  Bisclioff).  1j° 

The  whole  surface  of  the  yolk  is  now  divided 
into  cellular  compartments.  A dark  spot  below 
marks  the  position  of  a quantity  of  granular 
spheres  inside  the  cellular  elements  of  the 
blastoderm,  a,  the  albuminous  layer,  now  much 
thinned  out  and  incorporated  with  the  zona  ; b , 
the  cells  of  the  outer  layer  of  the  blastoderm 
resulting  from  segmentation  ; o,  the  spot  of  granu- 
lar opaque  spheres. 

b.  Segmentation  in  the  bird’s  ovum. 

In  the  ova  of  birds  the  segmenting  pro- 
cess is  somewhat  different  from  that 
now  described  in  mammals,  seeing 
that  it  is  restricted  to  the  germinal  disc 
leseaiches  of  Goste  and  several  concurrent 
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or  cicatricula.  From  the 
observations  it  appears  that 
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the  first  division  is  effected  by  a groove  or  fissure  which  passes  through 
the  thickness  of  the  germinal  disc,  having  probably  a direction  at  right 
angles  to  the  long  axis  of  the  egg.  This  is  crossed  by  a second  fissure  so 
as  to  divide  the  disc  into  four  parts  near  the  centre.  A third  cleavage 
or  Assuring  is  still  of  the  same  radial  character,  dividing  the  disc 
into  eight  parts  or  sections  ; but  this  is  succeeded  by  another  in 
a different  direction,  which  may  be  named  concentric,  and  which  has 
the  effect  of  separating  from  the  rest  those  parts  of  the  radial  segments 
of  the  disc  which  are  next  to  the  germinal  centre  : a subsequent 
•alternating  succession  of  radial  and  concentric  fissures  ends  by  dividing 
the  whole  disc  into  organised  nucleated  cells  of  a similar  kind  with  those 
by  which  the  whole  of  the  mammiferous  yolk  becomes  covered.  A third 
set  of  fissures,  which  may  be  termed  horizontal,  must  also  occur  to  com- 
plete the  separation  of  the  segmented  masses  from  the  subjacent 
material.  In  this  manner  the  germinal  disc  or  cicatricula  of  the  bird’s 
egg  has  already,  before  the  commencement  of  incubation,  that  is,  during 
its  descent  through  the  oviduct  and  previous  to  being  laid,  been  con- 
verted by  the  organising  process  of  segmentation  into  the  layer  of  cells 
which  constitutes  the  blastoderm.  The  cicatricula  of  the  laid  egg  is 
therefore  of  quite  a different  structure  from  that  of  the  ovarian  oVum, 
though  occupying  the  same  place  and  presenting  much  the  same  ap- 
pearance to  the  unassisted  eye.  This  layer  appears  to  be  double  from 
the  first  in  the  bird’s  egg,  or  to  consist  of  two  strata  of  cells,  differing 
somewhat  in  their  character. 


Fig.  495. 


Fig.  495. — Cicatricula  op  the 
Bird’s  Egg. 

A,  diagrammatic  section 
through  the  cicatricuia  of  a 
newly  laid  egg  ; a,  vitelline 
membrane  ; b,  segmented  germ 
disc  ; c,  below  this  the  germ 
cavity  ; d,  the  yolk  cavity  with- 
in the  white  yolk  ; c,  e,  the 
yellow  yolk  substance. 

B,  view  from  above  of  the 
cicatricular  or  germ  disc  of  a 
newly  laid  impregnated  eg g in 
which  segmentation  has  been 
complete.  The  opaque  area  is 
seen  surrounding  the  central 
transparent  area. 

C,  cicatricula  of  an  unim- 
pregnated hen’s  egg,  showing 
the  vacuolar  structure  produced 
by  incomplete  segmentation. 


In  this  process  there  is  much  which  is  obscure  and  still  imperfectly 
known,  and  much  to  excite  our  curiosity.  The  source  of  the  first 
segment  nucleus  has  not  been  discovered,  nor  Is  it  known  whether  or 
in  what  way  it  may  be  related  to  the  dispersed  contents  of  the  germinal 
vesicle  or  to  its  macula,  and  we  are  equally  in  the  dark  as  to  what  may 
be  the  influence  of  the  spermatic  element  upon  the  germ,  and  what  the 
forces  by  which  the  cleavage  and  the  formation  of  the  multiplying 
spheres  are  brought  about. 

Contractile  and  other  movements  in  the  germ. — With  respect  to  the  last 
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mentioned  topic  it  may  be  remarked  tbat  certain  heaving  and  rotatory  motions 
which  have  been  observed  by  several  embryologists  immediately  before  and  dur- 
ing the  occurrence  of  the  cleavage,  indicate  the  play  of  contractile  and  it  may 
beof  other  forces  within  the  protoplasm  ; and  these  forces  have  been  supposed  to 
have  some  relation  to  the  nucleus.  Recent  observations  by  Flemming  m the 
ovum  of  Anodonta,  of  Oellacher  in  that  of  the  trout,  and  of  Goette  in  the  toad, 
seem  to  show  that  there  is  some  structural  condition  related  to  the  piocess  of 
division  which  may  have  a connection  with  its  occurrence  : fox-  in  the  eggs  of 
these  animals  the  space  within  the  domain  of  each  segment  sphere  about  to  be 
formed  is  occupied  by  fine  filaments  radiating  from  the  centie  towards  the 
circumference,  and  preceding  the  foi’mation  of  the  cleai'  nucleai  space  w ithin. 
It  is  probable  that  the  hyaline  globules  may  be  the  result  of  the  first  yolk 

contraction.  . . 

Secondary  Segmentation. — The  segmenting  process  previously  describee 
may  be  called  primary , for  it  is  not  yet  ascertained  in  how  far  the  whole  of  the 
blastoderm,  considered  as  the  organised  substratum  for  the  development  of  the 
new  being,  owes  its  origin  directly  to  the  first  process  of  germ  segmentation, 
or  to  what  extent  a later  process  of  an  analogous  kind  may  contribute  to  the 
formation  of  some  of  its  deeper  elements.  The  most  recent  observations,  such  as 
those  of  Oellacher  and  Goette  on  the  egg  of  the  bird,  of  Ray  Lankester  on  the 
ova  of  Cephalopoda,  and  of  Balfour  on  that  of  sharks,  would  tend  to  support  the 
view  that  in  meroblastic  ova  at  least,  the  process  of  segmentation,  considered  as 
one  of  conversion  of  the  yolk  into  blastodermic  elements,  is  not  completed  in 
the  first  series  of  such  divisions,  but  continues  to  take  place  in  a modified  form 
for  some  time  afterwards,  thus  extending  the  blastoderm  over  the  surface  of  the 
yolk  more  and  more  by  the  addition  of  newly  acquired  elements.  These  elements 
appear  to  be  formed  from  new  centres  of  cell  organisation  external  to  the  limits 
of  the  germinal  part  of  the  ovum,  by  what  may  be  called  a process  of  free  cell 
formation,  and  to  contribute  mainly  to  the  production  of  the  deeper  part  of  the 
blastoderm.  (Ray  Lankester  in  Ann.  & Mag.  of  Hat.  Hist.,  1873,  p.  81,  and  F.  M. 
Balfour  in  Jouiu.  of  Microscop.  Science,  July,  1873  and  1871  ; Goette  in  Archiv. 
fur  Mikroskop.  Anat.,  vol.  x.,  1874.) 

Partial  segmentation  in  unfecundated  ova. — It  is  proper  further  to  state 
that  although  the  process  of  segmentation  as  now  described  is  the  necessary 
preliminary  to  the  foimation  of  the  blastoderm  and  is  only  complete  in  ova 
which  have  been  perfectly  fecundated,  yet  an  imperfect  or  partial  kind  of 
segmentation  has  been  found  also  to  occur  hi  unfecundated  ova.  This  has  now 
been  obseived  in  a variety  of  animals,  such  as  mollusca,  fishes,  batrachia.  and 
also  in  the  mammiferous  ovrnn  (see  Bischoff,  Ann.  d.  Sc.  Hat.  1844.  and  Muller’s 
Archiv.  1847;  Leuckart,  article  <iZeugung”in  Wagner’s  Handworterbuch  der 
Physiol.,  1852).  Oellacher  has  recently  investigated  these  phenomena  with 
care  hi  the  egg  of  the  fowl,  from  which  it  appears  certain  that  some  degree  of 
segmentation  of  the  germ  does  occur  in  unfecundated  ova,  but  that  it  is  of  an 
irregular  and  incomplete  kind  as  compared  with  that  which  follows  impregnation, 
that  it  never  goes  on  to  the  foimation  of  a complete  ceUular  blastoderm,  and  that 
although  some  of  the  earlier  stages  of  segmentation  are  gone  through  and  the 
germ  is  to  some  extent  divided  into  segment  areas,  yet  these  are  afterwards 
broken  up  by  vacuoles  and  other  unnatural  processes  of  development,  and  no 
true  blastodermic  layer  of  cells  is  formed  (fig.  495,  c).  Enough,  however,  has 
een  seen  to  show  that  some  formative  power  resides  in  the  germinal  part  of 
• ° independently  of  the  concurrence  of  the  male  element.  It  is  not 
impro  ia  i e that  this  segmentation  in  unfecundated  ova  may  occur  to  a greater 
extent  m the  lower  than  in  the  higher  animals. 

2.  THE  BLASTODERM  ; ITS  STRUCTURE  AND  RELATION  TO  THE 
DEVELOPMENT  OP  THE  EMBRYO. 

Position  and  extent. — It  has  already  been  stated  that  in  the  bird’s 
c£g  ie  lesult  of  segmentation  is  the  conversion  of  the  germinal  disc 
into  an  oigamsed  cellular  blastoderm,  which,  from  the  time  of  its  first 
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formation,  and  before  any  incubation  has  taken  place,  already  consists 
ot  two  layers  of  cellular  elements  (fig.  496,  s and  n). 

These  two  layers  differ  considerably.  The  cells  of  the  upper  layer 
are  of  smaller  diameter,  about  * m01’c  compactly  laid  together,  so 
as  to  be  slightly, compressed,  and  shortly  prismatic,  and  are  all  provided 
with  distinct  nuclei.  Those  of  the  lower  layer  are  of  somewhat  larger 
size,  and  of  a more  granular  aspect,  so  as  to  hide  the  nucleus,  which 
appears,  however,  'to  exist  in  the  greater  number,  and  the  whole  of 
these  cells  are  rather  scattered  in  reticular  groups  than  united  into  a 
distinct  and  consistent  layer  (His).  Below  this  layer  there  is  a narrow 
space  occupied  by  clear  fluid  between  the  germ  and  the  surface  of  the- 
white  yolk,  to  which  the  name  of  subgerminal  cavity  is  given,  and  in 
this  space  a number  of  granular  spheres  or  formative  cells  are  found, 
somewhat  similar  to  the  cells  of  the  lower  layer. 

Fig.  496. 


Fig.  496. — Microscopic  a*iew  op  a vertical  section  through  half  the  Blasto- 
derm of  A newly-laid  Egg.  (From  Strieker).  2|° 

S,  upper  layer  of  small  nucleated  cells  ; D,  lower  layer  of  larger  granular  cells  ; M,. 
segment  spherules  lying  in  the  subgerminal  cavity ; A,  substance  of  the  white  yolk 
below  the  germ. 

In  mammals,  too,  it  would  appear  from  the  observations  of  Bischoff, 
Coste,  Reichert,  and  others,  that  the  blastoderm  which  covers  the  yolk 
after  the  completion  of  segmentation,  though  not  double  from  the 
first,  comes  soon  to  consist  of  two  layers.  The  exact  time  and  mode  of 
the  appearance  of  a second  layer  are,  however,  still  imperfectly  known  : 
and,  from  the  difficulty  belonging  to  the  question  of  secondary  seg- 
mentation in  the  deeper  part  of  the  yolk  previously  adverted  to,  it 
may  be  doubtful  how  far  the  whole  blastoderm  of  mammals  is  to  be 
regarded  as  the  direct  product  of  a primary  segmentation,  or  a part 
of  it  is  due  to  a later  organising  process. 

There  is,  however,  a great  difference  in  the  relation  of  the  primi- 
tive blastoderm  to  the  rest  of  the  ovum  in  birds  and  in  mammals.  In  the 
former,  as  already  stated,  previous  to  incubation,  this  organised  cellular 
disc  covers  only  a very  limited  part  of  the  surface  of  the  yolk,  while 
in  mammals  it  completely  surrounds  the  yolk,  from  the  first,  and  thus 
constitutes  the  vesicular  blastoderm  of  Coste,  Reichert,  and  other  authors. 

From  the  first  the  blastodermal  disc  of  birds  shows  a difference  in 
its  central  and  peripheral  parts,  the  former  being  thinner  and  more 
transparent,  and  thus  forming  the  so-called  transparent  area,  the  latter 
bein<>'  thicker  and  more  opaque,  is  the  opaque  area.  But  in  mammals 
the  central  portion  of  the  primitive  blastoderm  presents  no  defined 
transparent  area,  and  differs  chiefly  at  first  from  the  rest  bj  its  greater 
thickness,  and  it  is  by  later  changes  accompanying  development  that 
there  arises  a thickened  opaque  disc,  the  embryonal  spot  of  Coste,  and 
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that  still  later  in  this  disc,  when  expanded  and  altered  m shape,  there 
is  formed  the  first  trace  of  the  embryo.  The  same  distinction,  how- 
ever, as  in  birds,  appears  in  the  end  between  a transparent  or  embryonal 
area,  and  an  opaque  peripheral  area,  a part  of  which  is  occupied  by 
the  vessels  of  the  first  circulation. 

In  birds  the  blastoderm  spreads  itself  rapidly  during  the  first  stages 
of  incubation  by  cell-multiplication  over  the  surface  of  the  3rolk,  until 
at  last  the  whole  is  covered  by  its  layers ; but  in  mammals,  as  the 
yolk  is  still  of  comparatively  small  size  after  segmentation  is  complete, 
but  undergoes  soon  afterwards  very  rapid  and  great  enlargement,  and 
as  it  is  completely  covered  by  the  primitive  blastoderm,  it  is  obvious 
that,  that  membrane  must  undergo  corresponding  extension,  not  by 
marginal,  but  by  interstitial  cellular  multiplication. 

Trilaminar  "structure. — The  bilaminar  blastoderm  which  results 
directly  from  segmentation  soon  undergoes  farther  changes,  by  which  a 
third  most  important  element  is  introduced  into  its  composition,  so 
that,  at  an  early  period  of  development  and  previous  to  the  actual 
formation  of  any  part  of  the  embryo,  it  is  found  to  consist  of  three 
layers  of  cellular  elements,  placed  one  above  the  other.  These  layers 
may,  from  their  relative  position  on  the  yolk,  be  named  the  outer, 
middle,  and  inner  blastodermic  membranes,  ectoderm,  mesoderm,  and 
■endoderm,  or,  following  the  nomenclature  of  Foster  and  Balfour,  epiblast, 
mesoblast,  and  hypoblast,  the  upper,  middle,  and  lower  germs  ; and  the 
ovum  of  birds  and  mammals  may  thus,  along  with  that  of  a consider- 
able number  of  animals,  be  styled  triploblastic. 

The  origin  of  the  middle  layer  is  still  involved  in  some  obscurity. 
By  one  set  of  observers  it  is  considered  to  be  most  closely  connected 
with  the  original  lower  layer,  and  while  the  original  upper  layer  of 
the  primitive  bilaminar  blastoderm  remains  undivided,  constituting 
the  epiblast,  the  looser  substance  of  the  original  lower  layer  undergoes 
a differentiating  change,  by  which  there  is  separated  from  its  under 
part  a thin  lamina  of  flattened  united  cells  to  form  the  hypoblast,  while 
the  remaining  portion,  with  rounded  cells  of  a different  structure, 
becomes  distinct  superiorly,  and  accumulates  between  the  upper  and 
lower  layers,  especially  towards  the  centre,  to  form  the  foundation  of 
the  mesoblast  which  according  to  this  view  would  result,  like  the 
epiblast  and  hypoblast,  from  the  primary  segmentation.  But  by  other 
■embryologists,  it  is  held  that  a part,  if  not  the  whole,  of  the  mesoblast 
proceeds  from  a secondary  process  of  segmentation  or  cell  formation 
occurring  below  the  original  blastoderm ; and  further,  that  the  new 
cells  which  thus  give  rise  to  the  mesoblast  are  carried  from  below 
towards  the  place  where  they  form  that  layer  by  migratory  movements, 
the  nature  of  which  is  not  yet  understood. 

Leaving  the  question  of  the  origin  of  the  middle  layer  for  farther 
remark  hereafter,  we  shall  here  state  in  the  shortest  and  most  general 
terms  the  relation  ascertained  to  subsist  between  the  three  several 
■constituents  of  the  organised  germ  and  the  origin  of  the  rudiments  of 
the  embryo  and  other  parts  developed  from  the  ovum.  In  doing  so,  if 
allowance  be  made  for  the  differences  previously  noted,  the  same 
-description  may  apply  to  the  fundamental  formative  processes  of  birds 
and  of  mammals. 

Relation  of  the  Layers  to  Development. — With  respect  to  the 
■histogenetic  changes  which  accompany  the  conversion  of  parts  of  the 


684 


THE  OVUM  AND  BLASTODERM. 

blastoderm  into  the  several  organs  and  textures,  the  reader  is  referred 
to  the  various  parts  of  the  section  on  General  Anatomy  in  which  the 
development  of  the  textures  is  treated  of.  Here  it  is  enough  to  state, 
that  in  the  upper  layer  or  epiblast  of  the  bird’s  ovum  it  is  mainly 
by  endogenous  cell-multiplication  that  the  increase  of  substance  and 
extension  of  area  is  effected  ; that  in  the  lower  layer,  there  is,  accord- 
ing to  Foster  and  Balfour,  continued  conversion  of  the  cells  of  the 
white  yolk  into  those  of  the  hypoblast ; and  that  in  the  mesoblast 
there  is  prolonged  addition  of  cellular  elements  by  new  production  of 
formative  cells  from  below  the  germ  : and  further,  that  in  all  the  three 
layers  it  is  mainly  by  internal  differentiation  of  the  various  groups  of 
the  cells  so  formed  that  are  produced  the  different  kinds  of  formative 
bases,  or  initial  deposits,  whether  cellular  or  extra-cellular,  which  are 
converted  by  farther  changes  into  the  rudiments  of  the  several  organs 
and  textures  of  the  animal  body  or  its  foetal  appendages.  But,  while 
the  formative  processes  consist  essentially  in  minute  histogenetic 
changes,  they  are  also  accompanied  by  changes  of  form  which  are 
more  obvious.  Thus  the  folding  or  inflection  of  certain  of  the 
layers  of  the  blastoderm  which  brings  about  the  enclosure  of  the 
visceral  cavity  of  the  body,  or  that  which  accompanies  the  formation 
of  the  amnion  ; the  progressive  rising  of  the  dorsal  laminae  and  their 
final  union,  which  attends  the  closure  of  the  canal  for  the  brain  and 
spinal  cord ; the  increased  accumulation  of  formative  cells  in  one  place 
leading  to  growth  and  increase,  and  their  diminution  or  removal  in 
others  leading  to  atrophy  ; the  fusion  of  certain  membranes  or  masses 
of  tissue  uniting  parts  which  were  previously  separate,  and  the  fission 
or  solution  of  continuity  between  other  masses  producing  their  separa- 
tion ; the  excavation  of  one  set  of  hollows  and  the  obliteration  of 
others,  as  in  the  case  of  blood-vessels  and  ducts, — are  only  a few 
examples  of  developmental  changes,  which  are  dependent,  no  doubt, 
more  immediately  on  textural  differentiation,  but  which  indicate  different 
forms  and  modes  in  which  the  constructive  processes  are  brought 
about. 

The  following  is  the  general  relation  of  the  several  germinal  layers 
to  the  production  of  different  systems  and  organs  of  the  embryo  and  its 
accessory  parts  in  so  far  as  yet  discovered. 

1.  From  the  epiblast  proceed  the  epidermis  and  its  appendages,  the 
great  nervous  centres,  and  the  principal  parts  of  the  eye,  ear,  and 
nose ; one  layer  of  the  amnion  and  yolk-sac,  and  in  mammals,  probably 
the  outer  layer  of  the  permanent  chorion. 

2.  From  the  hypoblast  proceed  the  epithelial  lining  of  the  whole 
alimentary  canal  (excepting  that  of  the  mouth),  and  of  the  lungs,  the 
epithelial  lining  of  the  ducts  of  the  glands  connected  with  the  ali- 
mentary canal,  and  also  the  deep  layer  of  the  yolk-sac  and  allantois. 

3.  From  the  mesoblast  proceed  in  general  all  the  parts  of  the 
skeleton,  the  muscles,  fascim,  and  tendons,  the  peripheral  nerves,  the 
true  skin,  the  connective  tissue,  the  vascular  system  and  blood,  the 
muscular  and  fibrous  coats  of  the  alimentary  canal  and  all  other 
visceral  passages,  the  serous  membranes,  the  parenchyma  of  many 
glands,  and  the  genito-urinary  system,  together  with  the  outer _ layer 
of  the*  amnion,  the  vascular  layers  of  the  yolk-sac,  the  allantois  aud 
the  chorion,  and  the  foetal  part  of  the  placenta. 

The  mesoblast  does  not,  however,  serve  as  the  basis  of  these  very 
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various  parts  indifferently  or  equally  throughout  its  whole  extent,  but 
in  the  following  divisions,  viz.,  First,  by  a central  mesial  or  axial  part, 
out  of  which  proceed  the  rudiments  of  the  proto  vertebral  segments  of 
the  body  ; and,  Second,  by  two  lateral  parts  which  undergo  subdivision 
into  an  upper  and  lower  lamina,  the  first  of  these  subdivisions  contain- 
ing the  rudiments  mainly  of  volunto-motory  parts, . the  walls  of  the 
body,  or  somato-pleurctl  elements ; and  the  second  forming  the  involunto- 
motory  parts,  as  in  the  walls  of  the  alimentary  canal,  heart,  &c.,  or 
splanclmo-'pleural  elements  : the  space  formed  by  the  separation  of  these 
two  sets  of  parts  is  the  visceral  or  pleuro-peritonecd  cavity. 

From  the  foregoing  enumeration  of  the  several  parts  of  the  embryo 
which  are  traceable  "in  their  origin  to  one  or  other  of  the  layers  of 
the  blastoderm,  it  must  not  be  inferred  that  these  initial  elements 
remain  each  distinct  or  separate  from  the  rest,  while  undergoing 
the  formative  changes  of  conversion.  Some  of  them,  doubtless,  do 
maintain  their  independence  in  a remarkable  degree,  as  is  the  case 
with  most  of  the  parts  derived  from  the  hypoblast,  and  some  of  those 
from  the  epiblast ; but  in  the  case  of  parts  proceeding  from  the  meso- 
blast,  this  independence  is  in  a great  measure  lost;  and  notwith- 
standing the  original  separation,  we  see,  especially  in  the  vascular  and 
nervous  systems  and  in  the  connective  tissue,  that  in  the  course  of  their 
farther  development,  there  is  a great  amount  of  spreading  of  one  into 
the  other  sets  of  the  blastodermic  elements. 


Discovery  of  the  Blastodermic  Elements. — We  owe  to  C.  F.  Wolff,  as  de- 
scribed in  bis  Theoria  Generationis,  published  in  1759,  the  first  proof  derived  from 
observation  of  the  actual  new  formation  of,  the  organs  of  the  embryo  (epi- 
genesis) from  the  simple  granular  (cellular)  elements  of  the  yolk,  and  to  a later 
work  of  the  same  author  (On  the  Formation  of  the  Intestine,  which  originally- 
appeared  in  1769,  and  was  republished  in  German  by  J.  F.  Meckel  in  1S12)  the  first 
suggestion  of  the  laminar  constitution  of  the  germ.  The  full  discovery,  how- 
ever, of  the  three  layers  of  the  blastoderm,  and  especially  their  relation  to  the 
development  of  the  organs  and  systems  of  the  embryo,  was,  under  the  influence 
of  DoeRinger’s  teaching  at  Wurzburg,  the  work  of  Pander,  and  was  first  published 
in  his  inaugural  dissertation  at  that  University  in  1817.  The  segmentation  of 
the  yolk,  noticed  by  Swammerdam  and  Spallanzani,  was  first  described  in 
batrachia  by  Prevost  and  Dumas  in  1S23,  in  a Memoir  which  was  followed  by 
an  important  series  of  contributions  by  the  same  authors  to  the  history  of  the 
development  of  reptiles,  birds,  and  mammals.  The  discovery  of  the  germinal 
vesicle  of  the  bird’s  egg  by  Purkinje  in  1825  led  the  way  to  more  minute  obser- 
vation of  the  constitution  of  the  germinal  part  of  the  ovum.  But  the  founda- 
ticuyof  embryology  as  a modem  science  was  most  surely  laid  by  C.  E.  von  Baer 
of  Konigsberg  (originally  the  associate  of  Pander  and  pupil  of  Doellinger).  who 
discovered  the  ovum  of  mammals  in  1827,  and  in  his  work  entitfed  “ Die 

Entwickelungsgeschichte  der  Thiere,  Beobachtungen  und  Reflexionen,”  1829 

1837,  gave  the  fullest,  the  most  accurate,  and  the  most  pliilosophical  account  of 
the  development  of  animals  which  has  ever  appeared.  The  contemporaneous 
researches  of  H.  Rathke,  also  the  pupil  of  Doellinger  along  with  Pander  and 
Ion  Bam,  contributed  greatly  to  the  advance  of  embryological  knowledge. 

The  investigations  of  Schwann  “ On  the  conformity  in  the  structure  and  growth 
° ^ an.  anc  a**lma  s>  published  in  1839,  threw  new  light  upon  the  histological 
composition  of  the  ovum  and  blastoderm  and  their  relation  to  the  phenomena 
o eve  opmen  (seea  General  Anatomy,  p.  6 et  seq.')  ; and  in  the  years  contem- 
poraneous wi  on  Baers  researches,  and  following  their  publication,  many 
important  contributions  appeared  which  greatly  extended  the  scientific  knowledge 
o ic  su  jec  , among  the  authors  of  which  may  be  mentioned  here,  as  the 
most  prominent,  the  names  of  Valentin,  Rusconi,  R.  Wagner,  Reicheit, 
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Kolliker,  M.  Barry,  BischofF,  Coste,  and  Remak.  Tlie  knowledge  of  the  develop- 
ment of  the  ovum  and  embryo  of  mammalia  was  especially  advanced  in  the  suc- 
ceeding decennial  period  by  the  valuable  memoirs  of  BischofF  on  the  rabbit,  dog, 
guinea-pig,  and  roe-deer,  published  successively  between  1847  and  1854,  and  an 
important  addition  was  made  to  the  history  of  human  development  and  that  of 
some  animals  by  the  publication  of  the  elegant  and  elaborate  work  of  Coste  in 
1847  and  several  following  years. 

To  the  careful  observations  of  Remak  more  particularly,  as  described  in  his 
work  on  the  development  of  the  fowl  and  the  frog,  published  in  1851-54,  we  owe 
the  fullest  and  most  consistent  account  of  the  structure  and  formation  of  the 
blastoderm  and  of  the  relation  of  its  several  parts  to  the  earlier  phenomena  of 
embryonic  development.  The  Lectures  of  Kolliker,  published  in  1861,  formed 
the  most  valuable  addition  to  the  history  of  development  in  the  ten  years  suc- 
ceeding the  publication  of  the  researches  of  Remak.  In  1868  the  blastoderm  and 
its  early  transformations  were  subjected  to  renewed  examination  in  the  elaborate 
researches  of  His  (Untersuch.  iib.  die  erste  Anlage  des  Wirbelthierleibes).  In 
the  succeeding  years  appeared  the  varied  researches  of  Dursy  on  the  development 
•of  the  head,  Waldeyer  on  the  ovaries,  Oellacher  on  birds  and  fishes,  and  Goette 
on  batrachia  and  birds,  and  numerous  others,  so  that  every  year  brings  forth 
numerous  original  contributions  to  different  departments  of  the  subject.  In 
1874  there  appeared  the  first  English  treatise  on  the  development  of  the 
embryo  since  the  time  of  Harvey,  in  the  excellent  “ Elements  of  Embryology/’ 
by  M.  Foster  and  F.  M.  Balfour — the  latter  of  whom,  is  also  the  author  of  im- 
portant original  researches  quoted  in  the  course  of  this  section.  In  the  same 
year  a short  and  useful  systematic  work  on  the  Embryology  of  Vertebrate 
animals  has  appeared  by  Dr.  Schenk  of  Vienna. 

Origin  of  the  Meso'blast. — Although  there  is  the  general  agreement  before 
indicated  among  embryologists  as  to  the  trilaminar  structure  of  the  blastoderm 
in  the  ovum  of  the  higher  vertebrates,  when  it  has  made  some  progress  in 
development,  and  as  to  the  general  relation  of  the  several  layers  to  the  produc- 
tion of  the  systems  and  organs  of  the  embryo,  there  is  by  no  means  the  same 
unanimity  of  views  as  to  the  manner  in  which  the  different  layers,  and  more 
especially  the  lower  and  middle  layers,  come  into  existence. 


Fig.  497. 


497 Microscopic  view  of  a vertical  section  through  the  Blastoderm  of 

the  Bird’s  Egg  after  twelve  hours  of  incubation.  (From  Strieker.)  3f 

S upper  layer  of  cells  or  epiblast ; D,  lower  layer  now  forming  a single  continuous 
layer  of  flat  cells,  or  hypoblast ; M,  large  formative  cells  beginning  to  form  the  middle 
layer,  or  mesoblast ; A,  subgerminal  part  of  the  yolk. 


In  the  egg  of  the  fond  the  cells  of  the  middle  layer  begin  to  make  their  appear- 
ance in  the 'central  part  of  the  blastoderm  between  the  two  original  or  primitive 
layers  from  the  eighth  to  the  twelfth  horn-  of  incubation,  while  about  the 
same  time  a lower  layer  becomes  distinct,  as  before  stated,  by  the  arrangement 
in  a single  layer  of  the  lowest  cells,  their  assumption  of  the  flattened  form, 
and  their  mutual  union  somewhat  after  the  manner  of  a pavement-like  epithelium. 
But  while  this  is  apparent  towards  the  centre  of  the  blastoderm  there  is 
accumulated  towards  the  periphery  in  a thickened  zone  (opaque  area)  a quantity 
of  cells  of  larger  size  and  granular  aspect  in  which  no  division  into  an  under 
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and  middle  layer  is  yet  to  be  perceived.  According  to  most  observers  the  original 
upper  layer  takes  no  share  in  these  changes,  but  remains  distinct  and  'undergoes 
the  changes  which  belong  to  its  own  phases  of  development. 

With  respect  to  the  formation  of  the  hypoblast  it  would  appear  to  be  no  more, 
at  least  in  its  central  part,  than  a differentiation  or  change  of  form  occurring  in 
cells  existing  from  an  earlier  period  in  the  primitive  lower  layer  ; while  its 
peripheral  extension  is  probably  owing  to  the  conversion  into  its  pavement-like 
cells  of  the  subjacent  elements  of  the  white  yolk.  But  as  to  the  manner  in  which 
the  mesoblast  takes  its  origin,  two  distinct  kinds  of  views  exist  among  embryo- 
logists. According  to  one  of  these,  following  the  suggestion  of  Remak,  the  cells 
of  the  mesoblast  take  their  rise  by  a process  of  separation  from  the  cells  of  the 
primitive  lower  layer  by  changes  which  are  coincident  with  the  conversion  of 
the  deepest  set  of  those  cells  into  the  continuous  lamina  of  hypoblast.  And  as 
a modification  of  this  view  may  be  mentioned  that  of  His,  according  to  which 
a middle  layer  (though  not  distinguished  by  him  as  such  by  name)  arises  in 
common  from  the  formative  cells  of  both  upper  and  lower  primitive  layers 
through  an  axial  plate,  into  which  he  holds  they  unite. 

According  to  the  other  view,  which  originated  in  the  Vienna  school,  and  has 
received  much  support  from  a number  of  observers  emanating  from  it  (Strieker, 
Waldeyer,  Peremeschko,  Klein,  Oellacher  and  Goette),  the  cells  which  form  the 
middle  layer  do  not  proceed  either  from  the  epiblast  or  hypoblast  in  the  place 
which  they  ult jmately  occupy,  but  these  cells  arise  as  new  products  of  cell  forma- 
tion below  the  hypoblast,  pass  by  migratory  movement  into  the  seat  of  the  meso- 
blast, either  through  the  hypoblast,  or,  as  most  hold,  round  its  peripheral  margin, 
and  thence  into  the  central  part  of  the  blastoderm,  where  all  are  agreed  the  ceRs 
of  the  mesoblast  first  come  to  be  collected  in  any  considerable  quantity.  Having 
once  gained  this  position,  or,  in  other  words,  a certain  portion  of  mesoblast 
having  been  thus  formed  in  the  axial  or  central  plate  of  the  embryonic  area,  its 
cells  speedily  multiply  and  rapidly  extend  themselves,  both  by  thickening  in  the 
centre  and  by  spreading  towards  the  periphery  : other  mesoblastic  cells  continue 
to  be  introduced  from  below  at  the  margin  of  or  through  the  hypoblast,  so  as  to 
complete  the  formation  of  a middle  layer  by  the  eighteenth  or  twentieth  hour. 


Fig.  498. 
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Fig.  498. — Section  of  a 
Blastoderm  at  right 
ANGLES  TO  THE  LONG 

Axis  of  the  Embryo, 

NEAR  ITS  MIDDLE, 

AFTER  eight  hours’ 

Incubation  (from  Fos- 
ter and  Balfour). 

A,  epiblast  formed  of 
two  layers  of  cells  ; B, 
mesoblast  thickened  be- 
low the  primitive  groove ; 

C,  hypoblast  formed  of 
one  layer  of  flattened 
cells  ; p?-,  primitive 

KraTnll  rav'i tv  es0™^st . ,ce11 ; H formative  cells  in  the  so-called  segmentationorsub- 
nrimitivp  rrrn  ( 10  hue  of  separation  between  the  epiblast  and  mesoblast  below  the 
pumitive  groove  is  too  strongly  marked  in  the  figure.) 

rnf’sfc  reccnt  observers,  Klein  and  Balfour  favour  the  migratory 
i'  f,  Ta,  ov'  cvci.iu  a somewhat  modified  form,  as  he  has  arrived  at  tho 
bvnnhlaaf-  hi  + ' 6 1fe®o1:)last  takes  its  origin  not  directly  from  the  epiblast  or 

uptrmpntnHn  \ *n  fai  f01?  C6^S  wkich  are  hicluded  (as  the  result  of  the  first 
rnrf-lv  lYnm  hh  'F  . ° . as^0<^erm  between  those  of  its  upper  and  lower  layers,  and 
I' f ,,e  aifci  spheres  or  formative  cells  which  are  the  product  of  a later 

rnio-rnfo  f™™  f /'!  ° i U°  10?  hi  the  lower  part  of  the  germ,  and  which 

f i , if?  f0??  ^eu  formation  in  the  genu  cavity,  round  the  margin 
FF  as  m o le  space  above  it.  The  researches  of  Goette  lead  nearly 
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to  the  same  conclusion  as  those  of  Balfour,  and  if  confirmed  would  go  far  to 
prove  the  occurrence  of  a secondary  or  prolonged  segmentation  in  the  subger- 
minal  yolk,  to  which  allusion  was  previously  made. 

It  is  right,  however,  to  state  that  on  the  other  side  there  is  the  weighty  autho- 
rity of  Kdlliker,  who,  in  association  with  the  younger  Virchow,  has  recently 
sought  in  vain  for  the  evidence  of  such  migration  as  has  been  described  by 
the  observers  previously  referred  to,  and  attributes  the  formation  of  the  meso- 
blast  entirely  to  the  proliferation  of  cells  connected  originally  with  the  lower 
surface  of  the  epiblast. 

Difference  in  Animals. — The  foregoing  description  applies  to  the  symmetrical 
position  and  central  mode  of  development  of  the  blastoderm  which  belong  to 
the  ova  of  reptiles,  birds  and  mammals ; but  it  is  right  to  state  that  in  the  lower 
vertebrata,  or  in  amphibia  and  in  osseous  and  cartilaginous  fishes,  there  are 
several  remarkable  differences.  Among  these  may  be  particularly  noticed  the 
non-symmetrical  development  of  the  blastoderm,  and  the  excentric  position  of 
the  commencement  of  the  embryo  ; the  involution  of  the  epiblast  at  the  aper- 
ture of  the  blastoderm  termed  ‘ anus  ’ by  Rusconi,  or  blastopore,  at  which  the 
cells  of  the  epiblast  become  continuous  with  the  larger  deeper  cells  from  which 
the  mesoblast  and  hypoblast  originate.  (See  F.  M.  Balfour,  “ On  the  Develop- 
ment of  the  Elasmobranch  Fishes,”  and  “ Comparison  of  the  Development  of 
Vertebrates,”  in  the  Quart.  Journ.  of  Microscop.  Science  for  Oct.  1874,  and  July, 
1876  ; E.  Ray  Lankester,  “ On  the  Primitive  Cell  Layers  of  the  Embryo,”  &c.,  in 
the  Ann.  and  Mag.  of  Nat.  Hist,  for  1871. 

The  Blastoderm  of  Mammals. — A variety  of  observations  have  shown  that 
the  blastoderm  of  mammals  consists,  when  fully  formed,  essentiaUy  of  the  same 
kinds  of  elements  arranged  in  three  layers,  as  previously  described  in  birds ; 
but  the  mode  of  formation  of  these  layers  has  not  yet  been  fully  investigated. 
By  the  observations  of  Bischoif,  Coste,  and  Reichert,  it  was  ascertained  that  as 
the  result  of  the  first  segmentation  the  yolk  became  invested  with  a complete 
superficial  covering  of  distinct  nucleated  cells,  which  may  be  looked  upon  as 
corresponding  to  the  upper  or  outer  layer,  or  epiblast.  Within  this  there  remains 
for  a time  a thick  plate  or  rounded  mass  at  one  side  of  opaque  spherules, 
which  seemed  to  be  segment  spherules  not  yet  converted  into  cells,  and  the 
interior  of  the  yolk  was  elsewhere  filled  with  a granular  fluid.  Some  time  later, 
or  about  the  fifth  day  in  the  rabbit’s  ovum,  a thickened  spot,  the  germinal  area 
of  Bischoff,  or  tache  embryonnaire  of  Coste,  gradually  made  its  appearance  in 
the  place  where  the  primitive  trace  of  the  embryo  is  afterwards  formed.  This 
consisted  in  a thickening  of  the  layer  already  formed,  and  of  an  accumulation 
of  a layer  of  new  cells  below  it,  which,  gradually  extending  itself  over  the 
surface  of  the  yolk,  gives  a second  covering  of  cells  to  the  whole. 

In  a carefully  conducted  series  of  recent  observations,  Hensen  finds  (Zeitsch. 
fur  Anat.  u.  Entwick.  Leipz.  Nov.  1876)  that  in  the  rabbit’s  ovum,  at  the  time 
when  the  germinal  disc  is  still  round  (6  days  4 hours)  the  epiblast,  with  its 
■central  thickening,  forms  a complete  vesicular  covering  of  the  yolk,  but  that  the 
hypoblast,  lying  below  the  disc,  does  not  extend  over  more  than  a third  of  the 
circumference.  The  ceUs  of  the  middle  layer  are  at  this  time  restricted  to  the 
hinder  part  of  the  germ  disc,  in  which  place  the  primitive  trace  of  the  embryo 
first  appears.  Kolliker  also,  in  the  same  animal  (Verhandl.  d.  Physik.  Med. 
•Gesellsch.  z.  Wurzburg,  Nov.,  1876)  describes  the  inner  layer  (hypoblast)  as 
spreading  rapidly  over  the  inner  surface  of  the  outer  layer  or  epiblast,  so  as  at 
last  to  give  a complete  double  covering  to  the  yolk. 

In  sections  of  a vesicular  blastoderm  of  the  cat,  prepared  by  Mr.  Schafer,  but 
not  yet  described,  two  layers  may,  as  he  has  pointed  out  to  me,  be  seen,  the  outer 
of  which  (epiblast)  lies  immediately  within  the  primitive  chorion  and  is  co- 
extensive with  it,  whilst  the  inner  layer  (hypoblast),  although  also  complete, 
forms  a smaller  ring  than  the  outer,  and  is  in  contact  with  the  latter  at  one  place 
•only.  Both  layers,  although  elsewhere  formed  of  a single  stratum  of  cells,  are 
here  slightly  thickened,  but  especially  the  outer  (as  if  a mesoblast  were  about  to 
be  developed  from  it)  : the  hypoblast  at  this  place  appears  bounded  superficially 
by  a delicate  cuticular  film. 
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.'SHORT  OUTLINE  OF  THE  MORE  GENERAL  PHENOMENA 
OF  THE  DEVELOPMENT  OF  THE  OVUM. 

Distinction  of  Embryonic  and  Peripheral  Phenomena. — From 
what  has  gone  before  it  will  be  seen  that  the  fundamental  phenomena 
of  development  in  the  ovum  consist  essentially  in  changes  which  take 
place  in  the  several  layers  of  the  blastoderm.  Considered  individually 
and  minutely,  they  are  mainly  of  the  nature  of  cell  multiplication  and 
cell  differentiation.  Regarded  as  a whole  they  may  be  placed  under 
•two  divisions,  according  as  1st,  they  have  their  seat  in  the  parts  from 
which  the  future  embryo  is  formed,  and  are  therefore  intra-embryomc,  or, 
2nd,  are  extra-embryonic,  and  connected  with  the  production  of  other 
parts,  having  usually  a membranous  form,  which  surround  the  embryo 
within  the  ovum,  and  form  principally  the  amnion,  yolk-sac,  allantois, 
nnd  chorion.  It  is  to  be  remarked,  however,  that  although  in  the 
progress  of  development  all  these  membranes  are  mainly  peripheral 
■or  extra-embryonic  in  their  situation,  they  are  not  entirely  so  in  their 
-origin,  for  one  of  them — the  allantois — springs  originally  from  a part 
within  the  body  of  the  embryo  ; and  all  of  them,  in  mammals  at  least, 
■by  the  original  continuity  of  the  blastoderm,  are  necessarily  united  at 
certain  places  with  parts  of  the  embryo.  Hence  they  have  been  called 
foetal  appendages  or  foetal  membranes. 


A 


Fig.  499. 


B 


Jug.  499.— Ovum  of  the  Rabbit  from  the  Uterus  (from  Kolliker  after  Bischoft'). 

?'hc  °vum  was  aLo'lt  one  seventh  of  an  inch  in  diameter  ; a,  the  remains  of  the  zona 
fut®  externalmembrane  ; b,  the  vesicular  blastoderm;  c,  the  germinal  area  ; 
a,  the  outer  limb  of  the  double  layer.  ° ’ 


Itisalso  tobe  held  in  remembrance  that  in  birds,  the  blastoderm, 
nc  .ts  ongmahy  restricted  to  the  comparatively  narrow  limits  of  the 
a’  e^ends  itself  rapidly  in  the  earlier  periods  of  incubation  over 
n . * ac^c  0 t 10  y°lk  ; while  in  mammals,  the  whole  yolk  is  from  the 

. 'ele  , y 1(r  VGS1Gular  blastoderm  directly  resulting  from  segrnen- 
‘ • 1 ’ i11,  °.  however,  there  may  be  distinguished  a central  and 

} ^ 1 c legion  of  the  blastoderm,  and  to  the  central  part,  as  being 
i moie  immediate  seat  of  the  development  of  the  embryo  and  its 
cige  ns,  iv it  lout  attempting  to  define  very  closely  its  limits,  the  name  of 
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embryonic  area  may  be  given.  From  this  area,  as  from  a centre,  the 
changes  of  development  in  some  measure  emanate  or  spread  towards  the 
periphery.  In  birds  the  central  area  is  from  the  first  distinguished 
from  the  surrounding  part  by  greater  transparency  and  thinness  of  the 
blastoderm,  and  thus  (as  already  described)  arises  the  distinction  of  the 
transparent  and  opaque  areas.  In  mammals,  on  the  other  hand,  the 
germinal  part  of  the  blastoderm  is  at  first  entirely  opaque,  forming  the 
embryonic  disc  of  Costc,  Bischoff,  and  others  ; and  it  is  by  a subsequent 
change  that  a part  of  this  disc  clears  up  or  becomes  thin  and  transparent, 
and  that  an  opaque  area  is  formed  in  the  peripheral  part.  In  both 
birds  and  mammals  the  embryonic  area,  from  being  simply  round  at 
first,  becomes  soon  somewhat  pyriform,  and  subsequently  oval  or  con- 
tracted in  the  centre,  like  the  body  of  a violin. 


Fig.  500. 
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Fig.  500. — First  appearance  oe  the  Primitive  Trace  and  Medullary  Canal  in 
the  Ovum  of  the  Dog  (from  Bischoff). 

a,  1),  and  c,  represent  the  natural  size  of  the  ova  of  which  the  several  germinal  a re  re 
are  represented  in  A,  B,  and  C.  In  A the  germinal  area  is  pyriform,  and  the  primitive 
trace  occupies  two-thirds  of  the  narrow  hinder  end.  In  B the  trace  is  elongated  and 
on  the  two  sides  are  the  raised  medullary  plates,  mp,  with  the  primitive  groove  between.. 
In  C the  distinction  between  transparent  area,  at,  and  opaque  area,  no,  is  marked  by  the 
outline. 


It  is  in  the  hinder  narrower  part  of  this  embryonic  area,  when  it  has 
assumed  the  pyriform  shape,  that  the  earliest  trace  of  the  embryo  can 
be  discerned.  This  forms  the  well  known  primitive  streak  and  groove 
of  authors,  but  it  appears  from  the  observations  of  Pursy  and  Balfour 
in  the  chick,  and  of  Hensen  in  the  rabbit,  that  the  primitive  trace  and 
groove,  which  are  the  first  indications  of  embryonic  formation,  are  only 
transitory  and  evanescent,  and  that  they  are  succeeded  by  the  medullary 
o-roove  and  dorsal  plates,  which  commence  beyond  the  cephalic  end  of 
the  primitive  trace,  and  grow  backwards  towards  the  caudal  extremity, 
so  as  gradually  to  thrust  out  as  it  were  at  the  end  the  shrivelled 
remains  of  the  primitive  trace.  The  anterior  extremity  of  this  medullary 
o-roove  becomes  afterwards  the  cephalic,  and  the  posterior  extremity  or 
that  towards  the  primitive  trace  becomes  the  caudal  part  of  the  cranio- 
vertebral axis  of  the  embryo. 
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This  primitive  axis  constitutes  in  some  measure  the  centre  of  sub- 
sequent changes  of  development.  It  consists  mainly  of  a thickening 
produced  by  the  accumulation  of  blastodermic  cells. 

1.— INTRA-EMBRYONIC  PHENOMENA  OP  DEVELOPMENT. 

Axial  Rudiment  of  the  Embryo— Cerebro-spinal  Axis. — The 

genetic  changes  which  lead  to  the  first  formation  of  the  rudiments  of 
the  embryo  may  be  briefly  sketched  as  follows  : — 

The  longitudinal  thickening  of  the  blastoderm,  which  forms  the 
primitive  trace,  belongs  at  first  chiefly  to  the  upper  layer  or  epiblast, 
but  soon  extends  to  the  central  part  of  the  middle  layer  or  mesoblast. 
The  hypoblast  takes  no  share  in  its  production. 

The  elongated  plate  or  thickening  is  very  soon  separated  towards  the 
cephalic  end  of  the  primitive  trace  by  a median  groove  or  linear 
depression  into  two  lateral  plates,  which,  thickening  to  some  extent, 
rise  into  ridges  and  thus  constitute  the  laminae  dorsales,  or  dorsal 
ridges.  The  groove  deepening,  and  the  ridges  becoming  more 
elevated,  there  is  then  formed  a canal,  and  by  the  further  eleva- 
tion of  the  ridges,  their  approach  to  each  other,  and  their  final  coal- 
escence in  the  middle  line,  the  canal  is  gradually  closed  in  along  the 
dorsal  line.  The  part  of  the  upper  layer  which  has  undergone  this 
inflection  and  enclosure  acquires  considerable  increased  thickness,  but 
still  a cavity  remains  in  its  interior.  The  part  where  it  was  closed 
dorsally  now  becomes  separated  from  the  upper  layer  or  epiblast  with 
which  it  was  originally  continuous,  and  the  latter  passes  subsequently 
free  and  entire  across  the  dorsal  line. 


Fig.  501. — Embryo  of  the  Dog  seem  from  above,  Fig.  501. 

WITH  A PORTION  OF  THE  BLASTODERM  ATTACHED. 

Tlie  medullary  canal  is  not  yet  closed,  but  shows  the 
dilatation  at  the  cephalic  extremity  with  a partial  division 
into  the  three  primary  cerebral  vesicles  ; the  posterior 
extremity  shows  a rliomboidal  enlargement.  The  cephalic 
fold  crosses  below  the  middle  cerebral  vesicle.  Six  pri- 
mordial vertebral  divisions  are  visible  ; so,  the  upper 
division  of  the  blastoderm  ; sp,  the  lower  division,  where 
they  have  been  cut  away  from  the  peripheral  parts. 

This  canal  is  wider  at  the  cephalic  ex- 
tremity in  which  the  rudiment  of  the  brain  is 
situated,  it  is  of  uniform  diameter  in  the  suc- 
ceeding or  middle  part,  and  at  the  caudal 
extremity  remains  open  for  a time,  but  is  closed 
in  at  a later  period  like  the  rest. 

The  rudiment  of  the  great  nervous  centre 
auses  in  a thickening  of  the  central  portion 
of  the  enclosed  epiblast  which  is  originally 
continuous  with  the  rest  of  the  upper  layer  ; 
but  this  part  which  forms  the  brain  and  spinal 
manow  exhibits  considerable  thickening  at  an 

caily  stage,  thus  constituting  what  by  some  have  been  called  the  medul- 
lary  plates,  while  the  canal  is  still  open,  and  subsequently  folded  round 
dorsally  and  closed  in  the  form  of  a medullary  tube,  within  which 
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is  situated  the  medullary  cavity  or  common  ventricle  of  the  brain  and 
spinal  marrow.  There  is  at  first  no  distinction  between  the  medullary 
or  nervous  structure  and  the  containing  walls : these  last,  including 
the  dura-matral  sheath,  are  derived  later  from  development  of  meso- 
blastic  elements. 

In  birds  and  mammals  it  does  not  appear  that  there  is  at  first  any 
line  of  separation  or  distinction  between  the  medullary  part  and  the 
rest  of  the  epiblast,  but  in  latrachia  a difference  of  colour  in  the 
corneous  layer  marks  a distinction  between  it  and  the  deeper  part  which 
forms  the  medullary  rudiments. 

The  Notochord. — One  of  the  next  steps  in  early  development  as- 
observed  in  the  bird  is  the  formation  from  a central  columnar  portion 
of  the  mesoblast  of  an  axial  cord  occupying  the  future  place  of  the- 
bodies  of  the  vertebrae  and  basis  of  the  cranium.  This  constitutes  the 
notochord  or  chorda  dorsalis  (see  fig.  504  and  sections  in  figs.  502  and 
503,  ch). 

Fig.  502. — Transverse  Sec- 
tion THROUGH  THE  Em- 
BRTO  OF  THE  CHICK  AN3> 

Blastoderm  at  the  end 
of  the  First  Day  (from 
Kolliker). 

h,  epiblast ; did,  hypoblast ; 
sp,  mesoblast  ; Pv,  primitive 
or  medullary  groove  ; m, 
medullary  plates  ; ch,  chorda 
dorsalis  ; uivp,  primordial  vertebral  plate ; inch,  commencement  of  division  of  mesoblast 
into  its  upper  and  lower  laminae  ; between  Rf  and  h the  dorsal  laminae  or  ridges  which 
by  their  approximation  close  in  the  medullary  canal. 


Its  structure  is  simply  cellular,  and  it  takes  no  direct  part  in  the 
formation  of  the  bodies  of  the  vertebrae  or  cranial  basis,  but  comes 
later  to  be  surrounded  by  the  formative  substance  out  of  which  these 
parts  of  the  skeleton  are  developed.  In  mammals  and  in  cartilaginous 
fishes  its  formation  appears  to  be  later  than  in  birds.  In  man  and 
the  higher  vertebrates  its  remains  are  to  be  seen  for  a longer  or  shorter 
period  of  foetal  life  within  the  cranio-vertebral  osseous  axis,,  but  in  the 
lowest  vertebrates,  as  AmpMoxus  and  Gyciostomatous  fishes,  in  which  the 


Fig.  50-3. 


Fig.  503. Transverse  Section  through  the  Embryo  of  the  Chick  and  Blasto- 

derm on  the  Second  Day  (from  Kolliker). 

d d,  hypoblast  ; ch,  chorda  dorsalis  ; u w,  primordial  vertebrae  ; m r,  medullary 
plates';  h,  corneous  layer  or  epiblast ; u w h,  cavity  of  the  primordial  vertebral  mass  ; 
m mesoblast  dividing  at  s p into  h p l,  somatopleurc,  and  d f,  splanchnopleure ; 
u n p,  Wolffian  duct. 


CLEAVAGE  OF  LATERAL  PARTS  OF  THE  MESOBLAST.  6!>3 

vertebrae  are  not  developed  or  are  imperfect,  it  attains  much  larger  pro- 
portions, and  itself  constitutes  the  principal  vei  tebral  axis. 

Protovertebrae. — On  either  side  of  this  axial  cord  a thick  mass  or 
plate  of  mesoblast  is  collected  along  its  whole  length,  and  very  soon 
there  appear  several  transverse  clefts  in  these  plates  forming  the  com- 
mencement of  protovertebra!  segmentation.  The  first  formed  of  these 
divisions  is  near  the  anterior  or  uppermost  of  the  future  cervical  vertebrae, 
and  they  rapidly  extend  backwards  in  the  posterior  or  lower  cervical 
and  dorsal  region  (fig.  501,  pv,  and  fig.  503,  uw).  The  divisions 
becomin0-  more  distinct,  separate  small  quadrilateral  masses,  which 
have  received  the  name  of protovertebrce,  by  which  it  is  meant  to  indicate 
that  they  are  not  the  same  with  the  permanent  vertebral  pieces  of  the 
skeleton,  but  rather  correspond  to  embryonic  somatomes,  or  metamenc 
segments,  corresponding  closely  in  number  with  the  permanent  vertebral 
divisions,  but  including  the  rudiments  of  other  parts,  such  as  those  of 
the  spinal  nerves,  along  with  those  of  the  vertebras. 

The  basis  of  the  cranium,  into  which  the  notochord  extends,  does  not 
at  first  present  any  transverse  division  similar  to  that  of  the  vertebral 
portion  of  the  axis,  and  the  notochord  itself  is  at  first  without  segmen- 
tation, and  forms  therefore  a simple  and  entire  cylinder. 

Pleural  Cleavage  of  the  Lateral  Parts  of  the  Mesoblast.* — 
Together  with  the  formation  of  the  proto  vertebral  plates  and  their  trans- 
verse segmentation,  another  important  change  begins  in  the  lateral 
part  of  the  mesoblast  external  to  these  plates,  which  consists  in  its 
cleavage  into  an  upper  or  outer  and  a lower  or  inner  lamina,  and  the 
consequent  formation  between  them  of  an  interval  or  space  (figs. 
503,  sp,  and  504,  pp).  The  two  laminae  thus  separated  constitute 
respectively  the  somatopleure  and  splanchnopleure  portions  of  the  meso- 
blast, and  the  space  between  them  is  the  commencement  of  the  pleuro- 
peritoneal cavity,  which  afterwards  forms  by  its  partition  within  the 
embryo  the  pleurae,  pericardium,  and  peritoneum,  and  which  beyond 

Fig.  504. 


a:c. 


Fig.  504. — Diagrammatic  longitudinal  section  through  the  Axis  op  an  Embryo 

(from  Foster  and  Balfour). 

The  section  is  supposed  to  be  made  at  a time  when  the  head -fold  has  commenced,  hut 
the  tail-fold  has  not  yet  appeared.  A , epiblast ; B,  mesoblast  ; C,  hypoblast  ; FSo, 
fold  of  the  somatopleure  ; BSp,  fold  of  the  splanchnopleure  ; Am,  commencing  (head) 
fold  of  the  amnion  ..  NO,  neural  canal,  closed  in  front,  but  still  open  behind  ; Oh,  noto- 
chord,  in  fiont  of  it,  uncleft  mesoblast  in  the  base  of  the  cranium  ; Dy  the  commencing 
foregut,  or  alimentary  canal  ; lit,  heart  ; pp,  pleuro-peritoneal  cavity. 


“Pleural  is  here  used  in  the  sense  “ parietal. 


694 


GENERAL  PHENOMENA  OF  EMBRYONIC  DEVELOPMENT. 


the  embryo  extends  into  the  space  between  the  amnion  and  the  other 
developed  membranes  of  the  ovum. 

Inflection  of  the  Walls  of  the  Body  of  the  Embryo.— The  first 
rudiments  of  the  embryo,  as  before  described,  lie  prone  and  fiat  on  the 
surface  of  the  yolk,  consisting  almost  entirely  in  thickenings,  with 
some  incurvations,  of  certain  parts  of  the  blastoderm.  In  the  forma- 
tion of  these  parts  the  two  upper  layers,  epiblast  and  mesoblast,  are 
alone  concerned,  and  the  hypoblast  takes  no  part  in  them,  but  passes 
thin  and  flat  across  the  space  occupied  by  the  embryonic  rudiments. 

In  the  further  progress  of  development  a great  change  of  form  is 
now  produced  by  the  downward  inflection  of  the  whole  three  layers  of 
the  blastoderm,  in  consequence  of  which  the  embryo  rises,  as  it  were, 
out  of  the  plane  of  the  rest  of  this  membrane,  and  begins  to  be  notched 
off  from  its  peripheral  parts.  The  _ first  of  these  folds,  termed  cephalic, 
(fig.  504)  takes  place  at  the  extremity  of  the  embryo  which  contains  the 
rudiment  of  cranium  representing  the  head,  and  precedes  by  a con- 
siderable interval  the  other  folds.  A similar  downward  fold  subsequently 
follows  at  the  caudal  extremity,  and  there  is  also  between  the  cephalic 
and  caudal  folds  a simultaneous  depression  of  the  layers  of  the  blasto- 
derm in  lateral  folds,  so  that  the  embryo  takes  in  some  measure  the  form 
of  an  inverted  boat,  with  its  keel  upwards,  and  its  hollow  side  opening 
towards  the  yolk  cavity,  and  the  fore  part  being,  as  it  were,  partially 
covered  in  by  the  deck  of  the  cephalic  fold.  Thus  are  produced  the 
downward  ventral  or  visceral  plates  which  form  the  side  walls  of  the 
head  and  trunk  ; and  at  a later  period,  by  the  increased  constriction 
or  convergence  of  the  folds  round  the  place  of  communication  between 
the  embryo  and  the  peripheral  parts  of  the  blastoderm,  there  is  formed 
the  umbilicus  (see  figs.  510  and  512). 


Fig.  505. 


Fig.  505. — Transverse  Section  through  the 
Embryo-Chick  before  and  some  time  after 
THE  CLOSURE  OF  THE  MEDULLARY  CANAL, 
to  show  the  upward  and  downward  In- 
flections of  the  Blastoderm  (after  Remak). 

A.  At  the  end  of  the  first  day.  1,  notochord  ; 
2,  primitive  groove  in  the  medullary  canal  ; 3, 
edge  of  the  dorsal  lamina  ; 4,  corneous  layer  or 
epiblast  ; 5,  mesoblast  divided  in  its  inner  part ; 
6,  hypoblast  or  epithelial  layer  ; 7,  section  of 
protovertebral  plate. 

B.  On  the  third  day  in  the  lumbar  region. 
1,  notochord  in  its  sheath ; 2,  medullary  canal 
now  closed  in  ; 3,  section  of  the  medullary  sub- 
stance of  the  spinal  cord  ; 4,  corneous  layer ; 
5,  somatopleure  of  the  mesoblast  ; 5',  splanchno- 
pleure  (one  figure  is  placed  in  the  pleuro- 
peritoneal cavity) ; 6,  hypoblast  layer  in  the  intes- 
tine and  spreading  over  the  yolk  ; 4x5,  part  of 
the  fold  of  the  amnion  formed  by  epiblast  and 
somatopleure. 


The  fundamental  steps,  therefore,  in  the  development  of  the  verte- 
brate embryo  result  in  the  formation  in  the  axial  part,  or  head  and 
trunk  of  the  body,  of  two  cavities,  of  which  one  is  situated  above  and 
the  other  below  the  notochordal  axis  ; the  upper  constituting  the 
cranio-vertebral  canal,  and  containing  the  rudiment  of  the  cerebro- 
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spinal  nervous  centre  ; the  lower  forming  the  walls  of  the  body  which 
enclose  the  great  nutritive  viscera  in  the  thoracic,  abdominal  and  pelvic 
divisions  of  the  trunk  along  with  which  may  be  associated  the  parts 
which  form  the  face  and  jaws,  and  which  enclose  the  cavities  or  the 
nose,  mouth,  and  pharynx,  including  in  their  substance  the  hyOid  bone 
and  its  accompanying  branchial  arches.  . _ . , 

The  Cerebrospinal  nervous  Centre.— The  brain  and  spmal  cord 
have  at  first  together  the  form  of  an  elongated  tube  of  which  the 
primary  wall  is  of  nearly  equal  thickness  thioughout.  The  cylindrical 
portion  in  the  region  of  the  protovertebra  forms  the  spinal  cord.  In 
the  dilated  cephalic  portion,  constituting  the  rudimentary  biain,  theie 
is  from  a very  early  period  a partial  division  into  thiee  poitions  by 
slight  intervening  constrictions  of  the  wall  of  the  medullaiy  tube. 
These  constitute  the  three  -primary  encephalic  vesicles , and  give  rise  in 
the  next  stage  of  development  to  the  five  fundamental  portions  of  the 
brain  usually  recognised  by  embryologists  and  comparative  anatomists, 
viz.,  forebrain,  interbrain,  midbrain,  hindbrain  and  afterbrain.  The 
general  cavity  enclosed  by  the  inflection  and  union  of  the  medullary 
plates  constitutes  the  mesial  ventricles  of  the  brain  and  the  canal  of  the 
spinal  cord. 


Fig.  506. — Magnified  side  view  of  the  Head  Fig.  506. 

and  Upper  Part  of  the  Body  of  an  v 

Embryo-Chick  of  the  Fourth  Day  (adapted 
from  Remak  and  Huxley). 

1,  chorda  dorsalis ; 2,  three  of  the  upper 
primitive  cervical  vertebrae ; C1,  one  of  the  vesicles 
of  the  prosencephalon,  with  the  nasal  fossa  be- 
low ; C2,  vesicle  of  the  tlialamencephalon,  with 
the  eye  below  it  ; C3,  the  middle  cerebral  vesicle  ; 

C4,  the  cerebellum,  between  which  and  the  cer- 
vical vertebras  is  the  medulla  oblongata.  At  the 
anterior  extremity  of  the  chorda  dorsalis,  where 
it  reaches  the  post-sphenoid,  is  seen  the  rect- 
angular bend  of  the  middle  of  the  cranium, 
which  takes  place  at  the  sella  turcica  ; and  in 
front  of  this,  towards  the  eye,  the  pointed  infun- 
dibulum ; Y,  the  rudiment  of  the  trigeminus 
nerve  ; VII,  the  facial  ; VIII,  the  vagus ; IX,  the 

hypoglossal ; in  front  and  below  these  numbers  respectively,  first,  the  upper  and  lower 
jaw,  with  the  first  cleft,  which  becomes  the  meatus  auditorius  extemus ; and  lower  down 
the  second,  third,  and  fourth  arches  and  clefts  in  succession  ; in  front  of  these  the  aortic 
bulb  attaches  the  heart ; between  VII  aud  VIII,  the  auditory  vesicle. 


The  Nerves. — The  peripheral  nerves  are  formed,  quite  independently 
of  the  nerve  centres,  in  mesoblastic  elements  along  with  the  vascular 
and  other  tissue  composing  the  parts  in  which  they  are  distributed. 
The  anterior  aud  posterior  roots  of  the  spinal  nerves  and  the  roots  of 
the  cranial  nerves  (excepting  the  optic,  which  has  a special  connection 
with  the  brain)  probably  arise  as  outgrowths  from  the  medullary  wall 
of  the  cerebro-spinal  centres. 

Organs  of  the  Senses. — To  the  earliest  period  also  belongs  the 
formation  of  the  rudiments  of  the  principal  organs  of  the  senses,  viz., 
the  eye,  ear  and  nose.  The  mode  of  origin  differs,  however,  in  the 
three.  In  the  eye,  which  is  the  earliest  to  appear,  the  retina,  or 
nervous  part,  is  ati  extension  from  the  anterior  encephalic  vesicle,  while 
the  lens  is  derived  by  development  from  an  involuted  portion  of  the 
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epiblast,  and  other  ocular  structures  proceed  from  the  mesoblast.  In 
the  ear  the  labyrinth  originates  by  involution  of  its  cavity  from  the 
epiblast  in  the  neighbourhood  of  the  third  encephalic  vesicle,  and  the 
auditory  nerve  growing  out  from  the  medullary  wall  of  the  third 

Fig.  507. — Section  op  the  Com- 
mencing Eve  op  an  Embryo 

IN  THREE  STAGES. 

A.  Commencement  of  the  for- 
mation of  the  lens  by  depression 
of  a part  of  C,  the  corneous  layer  ; 
pr,  the  primitive  ocular  vesicle 
now  doubled  back  on  itself  by  the 
depression  of  the  commencing 
lens. 

B.  The  lens  depression  enclosed 
and  the  lens  beginning  to  be 

formed  in  the  inner  side,  the  optic  vessel  more  folded  back. 

C.  A third  stage  in  which  the  secondary  optic  vesicle,  v,  begins  to  be  formed. 

encephalic  vesicle,  is  subsequently  extended  into  the  ear  vesicle  ; while 
the  middle  and  outer  ear  cavities  are  developed  from  mesoblastic  ele- 
ments in  connection  with  the  first  and  second  post-oral  subcranial  plates 
and  the  intervening  pharyngeal  cleft.  In  the  nose  likewise  the  open 
cavity  afterwards  occupied  by  the  distributed  extremities  of  the  olfactory 
nerves  originates  by  depression  or  involution  from  the  epiblast  in  front 
of  the  first  encephalic  vesicle  of  the  cranium. 

Vascular  system. — The  next  important  series  of  changes  by  which 
the  foundations  of  the  great  organic  systems  are  laid  consists  in  the 
formation  of  the  rudiments  of  the  heart,  blood-vessels  and  blood, 
and  in  the  establishment  of  the  first  circulation.  The  several  parts  of 
the  sanguiferous  system  all  originate  in  the  deeper  or  splanchnopleural 
division  of  the  mesoblast,  but  once  formed  in  this  section  of  the 
blastoderm  the  blood-vessels  very  soon  extend  into  all  other  parts  which 
are  vascular. 


Fig.  507. 


Fig.  508. 


as  soon  as  the  blastodermic  cells 
first  simple  tubular  form  of  the  organ. 


Fig.  508. — Outlines  op  the  anterior 

HALF  OP  THE  EMBRYO  ChICK  VIEWED 
FROM  BELOW,  SHOWING  THE  HEART  IN 
ITS  EARLIER  STAGES  OP  FORMATION 
(after  Remak).  ^ 

A,  Embryo  of  about  28  to  30  hours  ; 
B,  of  about  36  to  40  hours  ; a,  anterior 
cerebral  vesicle  ; i,  proto-vertebral  seg- 
ments ; c,  cephalic  fold ; 1,  1,  primi- 
tive omphalo-mesenteric  veins  entering 
the  heart  posteriorly  ; 2,  their  union  n 
the  auricle  of  the  heart ; 3,  the  middle 
part  of  the  tube  corresponding  to  the 
ventricle  ; 4 (in  B)  the  arterial  bulb. 

The  formation  of  the  heart, 
blood-vessels  and  blood  is  nearly 
simultaneous,  and  the  rhythmic 
contractions  of  the  heart  begin 
have  arranged  themselves  in  the 
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While  the  heart  or  propelling  organ  is  being  formed  within  the 
body  of  the  embryo,  the  greater  number  of  the  primitive  b ood-vessels 
are  developed  in  the  peripheral  part  of  the  blastoderm  m the  vascular 
and  transparent  areas,  and  comparatively  tew  arise  m the  embryo- } 
these  last  consisting  at  first  only  of  the  two  vessels,  the  primitive  double- 
aorta,  which  carry  the  blood  from  the  heart  to  the  arteries  distributed 
in  the  peripheral  area,  and  the  corresponding  venous  trunks  which 
return  the  blood  from  the  area  to  the  centre  of  the  circulation.  These 
primitive  vessels  become  afterwards  the  omphalo-mesenteric  arteries 
and  veins  of  the  yolk-sac. 


Fig.  509. 


Fig.  509. — Diagrammatic  Outlines  op  the  Heart  and  Primitive  Vessels  of  tee 
Embrto  Chick  as  seen  from  below  and  enlarged. 

a,  soon  after  the  first  establishment  of  the  circulation  ; b,  c,  at  a somewhat  later 
period  ; 1,  1,  the  veins  returning  from  the  vascular  area  ; 2,  3,  4,  the  heart,  now  in  the 
form  of  a notched  tube  ; 5,  5,  (upper)  the  two  primitive  aortic  arches  ; 5,  5,  (lower) 
the  primitive  double  aorta  ; A,  the  single  or  united  aorta  ; 5',  5',  the  continuation  of  the 
double  aortic  beyond  the  origin  of  the  large  omphalo-mesenteric  arteries,  6,  6. 


The  first  rudiment  of  the  heart  consists  of  an  elongated  tubular 
contractile  chamber  hollowed  out  of  a mass  of  mesoblastic  cells  in 
front  of  the  reflection  of  the  cephalic  fold  into  the  flat  part  of  the  blasto- 
derm. This  tube  is  divided  into  two  at  its  anterior  and  posterior 
extremities,  and  perhaps  it  is  originally  entirely  double.  Posteriorly 
the  heart-chamber  receives  the  nascent  blood  from  the  entering  venous 
channel  on  each  side,  and  anteriorly  it  opens  into  two  arterial  vessels, 
which  passing  one  on  each  side  of  the  primitive  pharyngeal  cavity, 
and  turning  backwards  below  the  protovertebral  plates,  form  the  two 
primitive  aortas  before  mentioned,  from  each  of  which  by  a sudden  bend 
outwards,  as  observed  in  birds,  the  omphalo-mesenteric  arteries  pass  off 
into  the  vascular  area.  There  is,  however,  some  difference  in  the 
number  and  form  of  these  arteries  in  birds  and  mammals,  but  in  all 
of  them  the  first  circulation  begins  in  a similar  vascular  area, 
and  among  the  earliest  veins  formed  is  a circular  or  terminal  sinus 
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sim'ouiidu]^  the  vascular  area  and  receiving  the  blood  from  the  capillary 
or  subdivided  vessels  of  the  area  within.  1 J 

„ AJinientai’y  Canal.— The  formation  of  the  rudiment  of  the  ali- 
mentary canal  or  primitive  intestine  takes  place  below  or  within  the 

wmaoi  i ;far  °f  *he  embl7°  previously  described  by  the  folding  in, 
.soonest  at  the  cephalic  and  later  at  the  caudal  extremities,  and  subse- 
quently along  the  sides,  first  of  the  hypoblast,  from  which  the  epithelial 
iimng  only  of  the  intestine  is  formed,  and  afterwards  of  certain  parts  of 
tne  splanchnopleure  section  of  the  mesoblast  which  give  rise  by  their 
meeting  m the  middle  to  the  mesentery,  and  furnish  in  their  extension 
over  the  intestinal  tube  the  muscular  and  peritoneal  coats  and  the 
com iee t i ve-tissue  and  vascular  elements  of  the  gut. 

The  primitive  alimentary  canal  is  thus  constituted  in  its  early  form 
by  an  anterior  and  posterior  caecal  tube,  of  which  the  anterior  is  the 
nst  produced,  both  of  them  closed  at  the  extremity  by  the  reflected 
ayers  of  the  blastoderm, — and  by  a wide  middle  part  between  the  tubular 
poi  tions,  which  at  first  has  the  form  of  a groove  or  gutter  running  under 
the  vertebral  axis  of  the  embryo,  and  completely  open  below  into  the 
cavity  of  the  yolk-sac.  As  development  proceeds,  the  intestinal  folds 
involve  more  and  more  of  this  central  open  part  and  convert  it  into 
ie  tubular  form  ; and  the  opening  into  the  yolk  is  thus  gradually 
nan  owed,  while  the  reflected  part  of  the  blastodermic  layers  which 
jiass  between  the  yolk-sac  and  the  intestine  becomes  lengthened  out  so 


Fig.  510. 


Fig.  510. — Diagrammatic  Section  through  the  Ovum  of  a Mammal  in  the  long 

axis  of  the  Embrvo. 

e,  the  cranio-vertehral  axis  ; i,  the  cephalic  and  caudal  portions  of  the  primitive 
alimentary  canal ; «,  the  amnion  ; a',  the  point  of  reflection  into  the  false  amnion  ; v, 
yolk  sac,  communicating  with  the  middle  part  of  the  intestine  by  v i,  the  vitello-intestinal 
duct ; u,  the  allantois.  The  ovum  is  surrounded  externally  by  the  villous  chorion. 
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as  to  take  the  form  of  an  elongated  duct  known  as  the  ductus  vilello- 
mtestinalis  (see  figs.  510  and  512). 

As  the  parts  constituting  the  face  are  at  first  entirely  absent,  there 
is  necessarily  no  cavity  corresponding  to  the  mouth,  but  as  the  struc- 
tures which  give  rise  to  the  jaws  and  face  come  to  be  developed  below 
the  cranium,  the  buccal  and  nasal  cavities  are  generally  deepened  by  the 
increasing  projection  of  these  parts,  and  the  mouth  at  last  communi- 
cates with  the  forepart  of  the  primitive  alimentary  canal  by  an  opening' 
formed  into  it  at  the  fauces.  The  mouth,  therefore,  derives  its  lining 
from  the  epiblast  and'forms  no  part  of  the  original  hypoblastic  inflection 
which  gives  rise  to  the  pharyngeal  cavity. 

The  posterior  opening  of  the  alimentary  canal  is  formed  at  a con- 
siderably later  period  than  that  of  the  fauces.  When  first  produced  by 
the  solution  of  continuity  in  the  posterior  reflection  of  the  blastodermic 
layers,  it  represents  in  mammals  as  well  as  in  birds  a cloaca,  or  part  of 
the  primitive  intestine  common  to  the  alimentary  canal  and  the  genito- 
urinary passages. 

Reproductive  and  urinary  organs. — A s completing  the  present 
short  notice  of  the  development  of  the  rudiments  of  the  principal 
organs  of  the  embryo,  there  may,  lastly,  be  mentioned  the  temporary 
organs  named  the  Wolffian  bodies,  with  their  ducts  and  associated 
parts,  which  are  the  precursors  of,  and  are  very  constantly  and 
intimately  associated  with,  the  first  origin  and  subsequent  evolu- 
tion of  the  reproductive  and  urinary  organs.  These  bodies,  when  fully 
formed,  constitute  a pair  of  symmetrical  organs  which  occupy  nearly 
the  whole  extent  of  the  abdominal  cavity,  and  consist  mainly  of  short 
transverse  tubes  presenting  a glomerular  vascular  structure  very  similar 
to  that  which  exists  in  the  glandular  structure  of  the  permanent 
kidneys.  They  have  thus  been  named  the  primordial  kidneys  (see 
fig.  513,  W,  p.  702). 

The  Wolffian  bodies  arise  mainly  in  connection  with  the  central 
portion  of  the  mesoblast,  and  as  the  permanent  kidneys  and  their  ducts, 
the  testicles  and  ovaries,  and  the  respective  male  and  female  passages 
are  in  their  origin  all  intimately  connected  with  the  Wolffian  bodies, 
we  may  look  upon  the  urinary  organs  and  the  internal  reproductive 
organs  as  equally  products  of  the  middle  layer.  The  external  sexual 


organs  are  integumental  in  their 
origin,  and  may  be  considered 
as  arising  in  the  epiblast  and 
mesoblast  jointly. 

The  Limbs. — The  limbs  do 
not  commence  till  after  the  rudi- 
ments of  all  the  organs  already 
referred  to  have  made  their  appearance.  They  are  to  be  regarded  as 
out-growths  from  the  lateral  part  of  the  trunk,  and  take  their  origin 
by  a sort  of  budding  out  or  extension  of  the  elements  composing  the 


Fig.  511. — Human  Embryo  of  about 
four  weeks  (from  Kolliker  after  A. 
Thomson).  | 

/,  the  anterior  limb  rising  as  a semi- 
circular plate  from  the  lateral  ridge. 
(The  figure  is  elsewhere  described). 


Fig,  511. 
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wall  of  the  trunk  in  two  determinate  places,  wlich  are  nearly  the 
same  in  all  vertebrate  animals,  and  receiving  prolongations  of  the 
bones,  muscles,  nerves,  and  blood-vessels  corresponding  to  a certain 
number  of  the  vertebral  somatomes  in  the  situation  of  the  anterior 
and  posterior  limbs  respectively. 

2.  EXTRA-EMBRYONIC  PHENOMENA  OF  DEVELOPMENT  OF  THE  OVUM. 

Foetal  Membranes. — While  the  changes  before  described  in  the 
central  part  of  the  blastoderm  lead  to  the  formation  of  the  rudiments 
of  the  embryo,  there  are  simultaneously  developed  in  its  peripheral 
parts,  or  extended  into  them  from  within,  certain  membranes  which  lie 
external  to  the  body  of  the  embryo,  but  are  for  a time  more  or  less 
organically  connected  with  it  by  the  original  continuity  of  the  blasto- 
dermic elements  in  which  both  sets  of  parts  originate. 

Of  these  membranes,  the  yolk-sac  exists  in  all  vertebrate  animals  ; 
the  amnion  and  allantois  are  common  to  birds  and  mammals,  but 
are.  absent  in  amphibia  and  fishes ; and  the  chorion,  in  the  sense  in 
which  the  name  will  be  employed  here,  may  be  considered  as  peculiar 
to  mammals. 

The  Yolk-sac. — This  name  is  given  to  an  organised  and  vascular 
covering  formed  by  the  extension  of  the  layers  of  the  blastoderm  over 
the  surface  of  the  yolk  within  the  original  vitelline  membrane.  In 
human  embryology  it  has  also  received  the  name  of  umbilical  vesicle. 
It  consists  originally  of  all  the  layers  of  the  blastoderm,  and  in  fishes 
and  amphibia  retains  these  throughout  the  whole  term  of  development  * ; 

Fig.  512. — Diagrammatic  Sections  of  the  Ovum  in  different  stages  of  develop- 
ment to  show  the  progress  of  formation  of  the  membranes  (from  Kolliker). 

1.  Ovum  in  wliich  tlie  chorion  has  begun  to  he  formed,  with  the  blastoderm  and  rudi- 
ment of  the  embryo  within.  2.  Ovum  in  which  the  cephalic  and  caudal  folds  have  con- 
tracted the  umbilical  aperture  towards  the  yolk-sac,  and  the  amniotic  folds  are  turning 
towards  the  dorsal  aspect.  3.  The  amniotic  folds  being  completed  have  met  in  the  dorsal 
region  ; the  umbilical  opening  is  more  contracted,  and  the  allantois  has  begun  to  sprout. 
4.  The  true  amnion  is  detached  from  the  reflected  or  false  amnion  which  has  disappeared 
or  combined  with  the  chorion  ; the  cavity  of  the  amnion  is  more  distended  ; the  yolk-sac 
is  now  pediculated,  the  allantois  projects  into  the  space  between  amnion,  chorion,  and 
yolk-sac,  and  the  villi  of  the  chorion  begin  to  ramify.  5.  The  ovum  when  it  has  become 
embedded  in  the  uterine  decidua  ; the  yolk-sac  (umbilical  vesicle)  is  now  connected  to 
the  foetus  by  a long  duct,  the  amnion  is  increased  in  volume  ; the  allantois  remains  only 
as  a pediculated  vesicle  towards  the  attachment  of  the  short  umbilical  cord  to  the  part 
of  the  chorion  where  the  placenta  is  about  to  be  formed.  The  vascular  layer  of  the 
allantois  has  now  combined  with  the  chorion,  the  villi  of  which  have  undergone  further 
•development. 

cl,  vitelline  membrane  or  primitive  chorion  ; d',  commencing  villi  of  the  chorion  ; sp, 
epiblast ; sz,  villi  of  the  chorion  more  advanced  ; ch,  permanent  chorion  with  which 
the  vascular  layer  of  the  allantois  is  combined ; ch,  z,  true  vascular  villi  of  the  chorion  ; 
am,  amnion  ; ah,  its  cavity ; ks,  cephalic  fold  ; ss,  caudal  fold  of  the  amnion  ; a, 
the  embryonal  rudiment  in  the  epiblast ; m,  that  in  the  hypoblast  or  mesoblast ; st, 
margin  of  the  vascular  area  in  its  early  stages  ; dd,  hypoblast  ; Teh,  hollow  of  the  vesicular 
blastoderm,  becoming  afterwards  ds,  the  hollow  of  the  yolk-sac ; dg,  ductus  vitello- 
intestinalis  ; al,  allantois  ; e,  embryo  ; v,  original  space  between  amnion  and  chorion  ; 
rl,  wall  of  the  thorax  in  the  region  of  the  heart  ; hh,  pericardial  cavity. 

* The  batracliia  seem  to  be  an  exception  to  this  statement,  but  only  in  consequence  of 
the  yolk  sac  being  so  extremely  limited  that  it  merges  in  the  intestine  itself.  The  yolk- 
sac  and  primitive  intestine  are  in  fact  combined  together,  there  being  no  umbilical  con- 
striction between  them. 
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Fig.  512. 


Liifc  in  the  higher  animals,  as  the  greater  part  of  the  epiblast  and 
somatopleure  layer  of  the  mesoblast  comes  to  be  detached  from  the 
surface  of  the  yolk  by  the  expansion  of  the  amnion  and  allantois,  the 
hypoblast  and  splanchnopleure  layer  of  the  mesoblast  are  alone  the 
permanent  constituents  of  the  wall  of  the  yolk-sac  ; and  through  these 
last  the  membrane  of  the  yolk-sac  is  continuous  with  the  wall  of  the 
■intestine  in  the  vitello-intestinal  aperture. 

The  yolk-sac  is  the  scat  of  the  first  circulation  of  the  blood  in  the 
omphalo-mesenteric  vessels  of  its  vascular  area,  and  in  oviparous 
animals  especially  these  vessels  spread  at  a later  period  over  the  whole 
surface  of  the  yolk  in  the  membrane  which  forms  the  sac.  The  food- 


702 


THE  FCBTAL  MEMBRANES. 


material  of  the  yolk  is  probably  absorbed  by  these  vessels  and  conveyed 
by  them  as  nourishment  into  the  system  of  the  embryo.  In  many  of 
these  animals  however  a quantity  of  the  yolk  substance  also  remains  at 
. the  end  of  incubation,  and  by  actual  transference  into  the  intestine  of 
the  embryo  serves  for  a time  as  its  digestible  food. 

In  mammals  the  yolk-sac  grows  for  a time  with  the  embryo  and  other 
parts  of  the  developing  ovum,  and  the  yolk  substance  within  it  must 
undergo  a corresponding  increase.  There  are  however  great  differences 
among  the  different  tribes  of  mammals  in  the  extent  of  the  development 
of  the  yolk-sac  during  uterogestation.  In  some  it  remains  large  and 
vascular,  while  in  others  it  becomes  atrophied  and  its  vessels  are 
obliterated  at  a comparatively  early  period.  In  rodentia  it  attains  its 


*V.  513.  — Magnified  View  oe  the  Human  Embryo  of  four  weeks  with  the 
Membranes  opened  (from  Leisliman  after  Coste). 

V the  umbilical  vesicle  with  the  omphalo-mesenteric  vessels,  v,  and  its  long  tubular 
attachment  to  the  intestine  ; c,  the  villi  of  the  chorion  ; m,  the  amnion  opened  ; n cul 
de  sac  of  the  allantois,  and  on  each  side  of  this  the  umbilical  vessels  passing  ou 
chorion  a in  the  embryo,  the  eye  ; e,  the  ear  vesicle  ; h,  the  heart ; l,  the  liver  ; o,  the 
upper  p the  lower  limb  ; w,  Wolffian  body,  in  front  of  which  the  mesenteiy  am 
of  intestine.  The  Wolffian  duct  and  tubes  are  not  represented. 
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highest  degree  of  development,  and  comes  in  contact  for  a space  with 
the  interior  of  the  chorion.  In  ruminants  it  is  very  soon  elongated 
into  two  attenuated  tubes  which  extend  towards  the  ends  of  the  ovum. 
In  carnivora  it  is  of  considerable  size,  stretching  through  the  ovum 
towards  its  opposite  poles. 

In  the  human  species  it  retains  its  vascularity  and  continues  to 
grow  up  to  the  fifth  or  sixth  week,  at  which  time  it  has  assumed  a 
pyriform  shape,  and  is  connected  by  a tubular  vitelline  duct  with  the 
intestine. 

But  notwithstanding  all  these  varieties  of  form  and  development  of 
the  yolk-sac  in  the  more  advanced  stages,  we  recognise  the  same 
fundamental  structure  and  relations  to  other  parts  as  in  oviparous 
animals.  Thus  in  human  embryoes  of  from  two  up  to  four  weeks  there 
have  been  observed  the  same  progressive  changes  from  the  wide  com- 
munication of  the  yolk-sac  with  the  open  primitive  intestine,  to  the 
narrower  vitello-intestinal  aperture,  and  the  subsequent  elongation  of 
this  into  a tubular  vitello-intestinal  duct  (figs.  511  and  513). 

The  human  yolk-sac  or  umbilical  vesicle,  which  expands  proportion- 
ally with  the  early  increase  of  the  ovum,  never,  however,  surpasses  the 
size  of  a small  pea ; in  an  ovum  of  from  five  to  six  weeks  it  lies  loosely 
in  the  space  between  the  amnion  and  chorion.  At  a later  period,  the 
duct  elongating  with  the  umbilical  cord,  the  vesicle  remains  in  the 
same  relation  to  these  membranes  : it  now  also  becomes  flattened  and 
more  closely  attached  in  the  narrower  space  remaining  between 
them.  In  the  third  month  it  is  found  connected  with  a coil  of  intestine 
which  in  the  form  of  a hernia  occupies  the  umbilical  cord  outside  the 
•abdomen  of  the  embryo.  At  a later  period  the  much  elongated  and 
attenuated  duct  with  the  omphalo-mesenteric  vessels,  now  impervious 
and  shrunk,  may  still  be  traced  through  the  umbilical  cord,  while  the 
flattened  vesicle  may  be  found,  even  up  to  the  end  of  the  term  of 
uterogestation,  somewhat  further  removed  from  the  place  of  implanta- 
tion of  the  umbilical  cord  on  the  internal  surface  of  the  placenta,  but 
still  between  the  amnion  and  chorion. 


The  Amnion.— This  vesicular  covering  of  the  embryo  does  not  exist 
in  amphibia  and  fishes,  but  in  reptiles,  birds,  and  mammals,  it  is  formed 
at  an  early  stage  of  development,  and  contains  a fluid  in  which  the 
foetus  is  suspended  by  the  attachment  of  its  umbilical  cord  or  an 
•equivalent  uniting  medium. 

The  structure  of  the  amuion  is  essentially  similar  in  the  three  classes 
of  annuals  in  which  it  exists  and  its  mode  of  formation  nearly  the  same. 
It  is  destitute  of  blood-vessels,  and  consists  of  two  layers  derived 
respectively,  the  inner  from  the  epiblast,  and  the  outer  from  the  somato- 
pleure  layer  of  the  mesoblast ; the  first  consisting  of  distinct  nucleated 
cells,  the  second  presenting  a fibrous  structure.  To  its  external  or 
fibrous  layer  it  also  owes  the  property  of  muscular  contractility,  which 
it  possesses  in  a.  considerable  degree. 

• flThf-  Ration  of  the  amnion  takes  place  by  the  gradual  backward 
m ection  from  the  flat  part  of  the  blastoderm  adjoining  the  embryo  of 
the  two  layers  before  mentioned,  first  at  the  cephalic,  and  a little  later  at 
the  caudal  extremity  and  at  the  sides  (see  fig.  512,  2,  3,  and  4,  ks,  ss,  am), 
so  that  the  two  layers  of  which  the  amnion  is  composed  are  lifted  up  and 
sepai ated  from  the  remaining  two  lower  layers  (splanchnopleure  and 
lypoblast)  oi  the  blastoderm,  by  a space  which  is  the  same  as,  or  rather 
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a peripheral  extension  of  the  pleuro-peritonea!  cavity.  The  embryo  thus 
comes  to  sink  down  as  it  were  (the  cephalic  part  before  the  rest)  into 
the  hollow  produced  by  the  rising  of  the  amniotic  folds  round  it. 

The  backward  folds  deepening  more  and  more,  gradually  converge 
on  the  dorsum  of  the  embryo,  and  at  last  come  together  (fig.  512,  3),  the 
margins  of  the  reflection  narrowing  rapidly  and  being  finally  completely 
obliterated  or  lost  by  their  convergence  and  by  the  subsequent  dissociation 
of  the  inner  from  the  outer  divisions  of  the  folds  (fig.  512,  4).  The  sepa- 
rated inner  division  now  becomes  the  entire  closed  sac  of  the  amnion* 
connected  only  with  the  rest  of  the  parts  at  the  umbilical  constriction 
where  it  is  continuous  with  the  integument  ot  the  embryo.  The  outer 
dissociated  division  is  the  false  amnion  ot  Pander  and  Von  Baer,  passing 
out  into  the  remaining  peripheral  part  of  the  blastoderm,  and  con- 
stituting for  a time  an  external  covering  of  the  ovum,  which  in  birds 
and  reptiles  appears  afterwards  to  be  lost  by  thinning  or  absorption 
but  which  in  mammals  may  be  connected  with  the  development  ot  the 
permanent  chorion  in  a manner  to  be  referred  to  hereafter. 


Fig.  514. 


Fig.  514. — Human  Embryo  of  between 
the  Third  and  Fourth  Wef.k,  Mag- 
nified about  five  Diameters  (from.. 
Kolliker  after  Allen  Thomson). 

a,  amnion  adherent  (unusually)  to  the 
interior  of  the  chorion  in  the  dorsal 
region  ; b,  umbilical  vesicle  or  yolk-sac 
with  a wide  communication  with  the 
intestine  ; c,  lower  jaw ; cl,  superior 
maxillary  process  ; e,  second  postoral 
plate,  and  behind  it  other  two,  with 
the  pharyngeal  clefts  behind  each  ; 
f>  commencement  of  the  anterior  limb  ; 
g,  primitive  auditory  vesicle  ; h,  eye  ; 
i,  heart. 


In  the  human  ovum,  as  in  most  mammals,  the  amnion  is  formed  at  a 
very  early  period.  The  membrane  lies  at  first  so  close  to  the  embiyo 
that  it  is  with  difficulty  distinguished  from  the  surface  of  the  body  : 
but  after  the  dorsal  closure  is  completed,  it  is  soon  separated  by  the 
fluid  which  accumulates  in  its  cavity. 


The  muscular  contractility  possessed  by  the  amnion  doubtless  resides  in  its 
outer  layer  derived  from  the  somatopleure.  The  contractions  appear  to  he 
rhythmic,  as  they  may  be  seen  in  the  opened  incubated  egg  of  the  fowl,  or  even  m 
the  entire  egg,  by  means  of  a bright  light  in  a dark  chamber,  from  the  sixth  or 
seventh  day  of  incubation  ; and  it  is  probable  that  they  are  of  a similar  natuie 

in  mammals.  . . 

The  amniotic  fluid  contains  about  1 per  cent,  of  solid  matter,  consisting  chiefly 

of  albumen,  but  also  traces  of  urea,  which  is  probably  derived  from  the  urinary 

^poretion  of  tiro  f 06fus.  n , ^ 

It  would  appear  that  there  is  a difference  in  the  structure  of  the  reflected  oi 
false  amnion  in  birds  and  in  mammals.  In  the  former  it  is  composed  of  the 
same  two  layers  as  the  amnion  itself,  but  in  mammals  the  development  o e 
mesoblast  appears  to  cease  at  the  place  of  reflection  of  the  tree  into  the  fake 
amnion,  so  that  the  latter  consists  only  of  the  corneous  layer  or  epiblast. 


The  Allantois  : 

becomes  in  the  more 


Urinary  Vesicle.— Although  this  membrane 
advanced  stage  of  development  widely  distributed 
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in  the  periphery  of  the  ovum,  yet.  in  its  origin  it  differs  from  the  other 
membranes  now  under  consideration  in  its  close  connection  with  one  of 
the  internal  organs  of  the  embryo.  As  already  stated,  this  membrane 
does  not  exist  as  a foetal  structure  in  fishes  or  amphibia. 

In  reptiles,  birds  and  mammals,  it  is  formed  in  connection  with  the 
hinder  part  of  the  primitive  intestine,  is  the  bearer  of  an  extended 
capillary  distribution  of  the  umbilical  or  hypogastric  vessels,  and  in 
combination  with  them  performs  important  functions  connected  with 
the  nutrition  of  the  foetus  and  the  aeration  of  the  foetal  blood. 

The  recent  observations  of  His  and  of  Dobrynin  have  shown  that 
it  springs  from  splanchnopleure  elements  of  the  mesoblast  and  hypoblast, 
below  and  in  front  of  the  caudal  extremity  of  the  embryo  close  to 
the  place  of  division  of  the  mesoblast  into  its  somatopleural  and 
spl an chnopleural  laminae.  The  former  of  these  is  reflected  in  the  caudal 
fold  of  the  amnion  already  described ; the  latter  buds  out  from  the 
end  of  the  primitive  intestine  into  the  pleuro-peritoneal  space,  and 
receives  within  it  an  evolution  or  outfolded  process  of  the  hypoblastic- 
lining  of  the  alimentary  canal.  It  is  placed  at  first  rather  behind  the 
part  which  later  becomes  the  cloaca,  the  orifice  of  which  is  still  closed  : 
but  very  soon  it  is  doubled  forwards  upon  the  cloaca,  so  as  to  lie  below 
it,  and  when  this  orifice  is  afterwards  opened  it  forms  the  common- 
outlet  of  the  intestine  and  the  allantois  (fig.  510,  and  fig.  5 12,  3 and  4). 

The  blood-vessels,  which  are  developed  with  great  rapidity  in  the- 
outer  layer  of  the  allantois,  are  formed  in  connection  with  those  which 
become  the  two  umbilical  arteries  and  the  corresponding  umbilical 
veins,  which  last,  however,  do  not  run  entirely  in  the  same  course  as  the 
arteries,  but  join  the  omphalo-mesenteric  and  pass  towards  the  liver  ► 
one  of  the  original  veins  very  frequently  becoming  obliterated,  as  occurs 
in  the  human  subject.  The  capillary  network  spread  over  the  sur- 
face of  the  allantois  appears  almost  as  soon  as  the  first  prominence 
of  the  membrane  begins  to  bud  out  from  the  wall  of  the  primitive 
intestine,  and  the  vessels  appear  at  first  to  be  in  direct  connection  with 
the  terminations  of  the  two  primitive  aortas  ; but  subsequently,  when 
the  two  aortas  coalesce,  the  umbilical  arteries  appear  as  branches  of  the 
iliac  arteries  (see  the  Development  of  the  Vascular  System). 

The  allantois  in  expanding  takes  the  shape  of  a pediculated  flask-like- 
vesicle,  extends  into  the  pleuro-peritoneal  space,  and  is  filled  with 
fluid  like  the  other  membranes  of  the  ovum.  It  is  usually  directed 
towards  the  right  side  of  the  embryo,  or  the  opposite  from  that  on 
wbich  the  yolk-sac  is  laid.  In  its  subsequent  great  expansion  in  the 
egg  of  birds  the  allantois  spreads  out  in  a flattened  form  over  the  whole- 
internal  surface  of  the  membrane  of  the  shell,  thus  coming  to  occupy 
more  and  more  of  the  space  previously  held  by  the  albumen,  the  rapid 
liquefaction  and  disappearance  of  which  are  coincident  with  the  greatest 
expansion  of  the  allantois  and  other  membranes. 

I he  allantois,  though  greatly  flattened  out  in  its  most  advanced  state, 
still  consists  ot  an  outer  and  an  inner  wall,  separated  by  the  fluid,  and 
both  bearing  the  finely  ramified  blood-vessels,  which,  however,  are  most 
richly  distributed  on  the  outer  division  ; and  in  these  last  it  is  easy  to- 
sec,  on  opening  an  egg  during  incubation  from  the  eighth  day  onwards, 
the  marked  difference  of  colour  of  the  blood  in  the  outgoing  and 
returning  vessels  from  the  action  of  the  surrounding  air  on  the  blood 
which  has  passed  through  the  capillaries. 
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It  is  also  worthy  of  notice  that  from  the  time  when  the  allantois  has 
attained  some  size,  it,  like  the  amnion,  is  possessed  of  contractility, 
which  probably  resides  in  its  external  layer  ; and  accordingly,  on  open- 
ing an  incubated  egg,  from  the  effect  of  change  of  temperature  or 
other  stimuli,  active  motions  may  be  perceived,  caused  by  the  alternate 
contraction  and  relaxation  of  different  parts. 

In  mammalia  the  origin  and  early  development  of  the  allantois  are 
nearly  the  same  as  in  birds,  but  in  a more  advanced  stage  of  develop- 
ment, the  important  connection  which  the  outer  layer  of  this  membrane 
has  with  the  formation  of  the  vascular  part  of  the  chorion  and  fcetal 
placenta,  modifies  considerably  the  relations  of  the  membrane  to.  the 
other  parts  of  the  ovum.  In  all  of  them,  however,  the.  two  layers  of  the 
allantois  (splanchnopleure  and  hypoblast)  are  easily  distinguished  from 
each  other,  the  internal  being  entirely  devoid  of . blood-vessels,,  of  a 
simple  cellular  structure,  and  containing  the  fluid  with  which  the  inner 
sac  of  the  allantois  is  filled.  The  external  layer,  on  the  other  hand,  is 
highly  vascular,  and  is  composed  of  fibro-cellular  and  contractile  fibrous 
elements. 


In  the  ruminants,  pachydercnata  and  the  cetacea,  the  allantois  attains  to  very 
large  dimensions,  extending  widely  into  the  greatly  elongated  ovum.  In  the 
carnivora  it  passes  round  the  middle  of  the  ovum  externally  in  accordance  w lth 
the  zonal  form  of  their  placenta,  while  in  the  rodentia  and  in  man  its  vesicular 
or  deeper  membrane  at  least,  containing  the  fluid,  has  a much  more  limited 
expansion,  and  stops  apparently  in  its  growth  as  soon  as  it  has  assumed  the  flask- 
like  form  and  has  reached  the  interior  of  the  chorion.  This  appears  to  be  the 
most  probable  explanation  of  the  appearance,  described  by.  several  embryologists, 
and  observed  also  more  than  once  by  the  writer,  of  a pyriform  space  extending 
in  early  human  ova  from  the  umbilicus  to  the  inside  of  the  chorion  at  the  place 
where  the  placenta  is  beginning  to  appear  or  will  afterwards  be  formed.  (See 
a recently  described  case  by  W.  Krause  in  Reichert  and  Dubois,  Archiv,  IS  / 6.) 
But  in  this  and  all  other  forms  the  umbilical  vessels  which  pass  out  of  the 
embryo  are  placed  externally  to  the  vesicle  of  the  allantois  or  its  continuation 
by  the  urachus  towards  the  urinary  bladder : and  these  vessels  undergoing  an 
extremely  rapid  development,  pass  off  into  the  chorion  and  placenta,  vine 
thus  owe  their  vascular  structures  to  the  outer  layer  of  the  allantois. 

In  the  human  subject  the  allantois  is  both  of  very  early  formation  and  its 
non -vascular  or  internal  part  ceases  to  extend  itself  at  a 0f 

before  the  end  of  the  fourth  week.  But  already  by  this  time  the . blood- vesse 
the  outer  layer,  by  themselves  or  more  probably  in  association  va&  a c^eubive- 
tissue  layer  in  which  they  were  originally  situated,  have  overrun ^ the .whole 
interior  of  the  chorion,  and  very  soon  furnish  to  the  developing  villi  of  that  struc- 
ture, the  fibrous  element  with  vessels,  of  which  they  secondmMy  become  pressed 
The  manner  of  the  completion  of  this  process  will  be  apparent  from  what 
follow”  ’ as  to  the  formation  of  the  chorion  (Yon  Baer,  Reichert,  Remak, 

Kolliker). 

The  Chorion.— The  ovum  of  the  mammifer  when  it  enters  the  cavity 
of  the  uterus  is  covered  only  by  the  vitelline  membrane,  or  zona  pellu- 
cfda  which  is  of  ovarian  origin,  and  as  a rule  (no^thatodnp  the 
apparent  exception  of  the  rabbit  to  be  afterwards  referred  to)  it  does 
not  appear  that  it  acquires  any  other  covering  for  some  days  aftei  it. 

ivnrtm  pi,e  pterus.  By  the  time,  however,  that  it  becomes  fixec 
t haVpart^  o^theuterus  which  it  is  to  occupy  during  the  subsequent 
period  of  its  intrauterine  life,  a great  change  takes  place  m the  nat 
S the  external  covering  of  the  ovum,  by  its  conversion  into  a new 
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membrane,  which  acquires  more  or  less  of  a composite  villous  structure, 
becomes  vascular  throughout  the  whole  or  a part  of  its  extent,  and 
which,  by  its  farther  development,  comes  to  form  the  principal  means  on 
the  side  of  the  ovum  of  establishing  an  organic  connection  between  the 
embryo  and  the  uterus.  While  the  name  of  prochorion,  or  primitive 
chorion,  might  without  impropriety  be  given  to  the  altered  and  expanded 
zona  pellucida  as  the  sole  early  covering  of  the  ovum  in  mammals,  the 
term  chorion  is  most  suitably  reserved  for  the  newly  formed  membrane 
here  referred  to. 

By  some  authors,  indeed,  the  name  of  chorion  has  been  applied  to  the  external 
covering'  of  the  ovum  of  all  animals  without  regard  to  its  source  or  its  relations 
to  other  parts.  Thus  by  some  the  vitelline  membrane  has  been  regarded  as 
a chorion  when  it  appeared  that  no  other  membrane  existed  external  to  it  ; and 
by  others  the  name  has  been  given  to  such  adventitious  parts  as  the  albumen, 
shell,  or  shell  membrane  of  the  ovipara  : but  such  a use  of  the  term  chorion  is 
liable  to  create  confusion,  and  it  seems  more  expedient  that  it  should  be  restricted 
to  the  peculiar  external  covering  of  the  mammiferous  ovum,  which,  as  will  bo 
shown  hereafter,  is  not  an  original  constituent  of  the  ovum  like  the  vitelline 
membrane,  but  a structure  of  new  formation  in  the  course  of  development. 


Fig.  515.  —View  of  the  Chorion  of  the  Human  Ovum  of 
about  Four  or  Five  Weeks,  opened  (from  Kolliker  after 
Allen  Thomson).  Natural  size. 

This  figure  gives  a general  view  of  the  villous  structure  of 
the  chorion  previous  to  the  formation  of  a placenta,  and  shows 
the  large  space  which  frequently  intervenes  at  an  early  period 
between  the  amnion  and  chorion. 

At  a very  early  period  in  the  majority  of  mam- 
mals, and  especially  in  the  human  species,  the 
chorion  acquires  numerous  villous  processes  over 
the  whole  or  a part  of  its  outer  surface.  These 
soon  undergo  a great  development,  and  constitute  a peculiar  feature 
in  the  human  ovum,  whence  the  membrane  has  been  known  in  human 
embryology  as  the  chorion  f rondo  sum,  or  shaggy  chorion. 

The  blood-vessels  borne  by  the  developed  villi  of  the  chorion,  and  named 
umbilical  in  human  anatomy,  are  originally  derived  from  those  of  the 
allantoid  membrane,  and  are  the  seat  of  an  extended  circulation  of  the 
foetal  blood  in  a system  ol  outgoing  arteries  and  returning  veins  with  their 
intervening  widely  diffused  capillary  vessels.  It  is  by  this  system  of  vas- 
cular chorionic  villi  being  brought  into  contact  or  close  proximity  with  the 
blood-vessels  of  the  uterus,  that  the  essential  conditions  of  uterogestation, 
as  legal ds  the  continued  supply  of  nourishment  to  the  foetus  and  the 
aeration  of  its  blood,  are  secured  in  the  whole  class  of  mammiferous 
animals.  There  is,  however,  very  great  difference  among  these  animals 
in  the  extent  and  form  of  the  development  of  the  villous  structure  of 
the  chorion  now  referred  to,  as  well  as  of  the  concomitant  changes  which 
occur  m the  uterus  itself,  by  which  a more  or  less  intimate  organic 
union  is  established  between  the  maternal  parent  and  the  offspring.  The 
history  of  these  differences  belongs  to  the  account  of  the  structure  and 
formation  of  the  placenta,  which  will  be  given  hereafter.  At  this  place 
it  will  be  sufficient  to  state  that,  while  in  some  animals,  as  the  pachy- 
dermata  and  cetacea,  the  connection  between  the  ovum  and  uterus 
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is  reduced  to  its  simplest  form,  and  consists  in  little  more  than  the 
implantation  of  comparatively  simple  and  diffused  chorionic  villi  in 
minute  recesses  of  the  vascular  lining  membrane  of  the  uterus ; in 
others  there  is  a greater  or  less  degree  of  deeper  interpenetration  of 


Fig.  516. 
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Fig.  516. — Surface  and  Profile  Views 
of  the  Ovum  of  the  Rabbit  at  the 
time  of  the  Formation  of  the 
Chorion  (Kolliker  after  Bischoff). 

A ami  B,  an  ovum  of  3 lines  in 
diameter ; C,  one  of  4 lines,  a,  the 
chorion,  with  commencing  villi  ; _ b,  the 
vesicular  blastoderm  ; c,  the  thickened 
part  forming  the  embryonic  area ; cl,  the 
increasing  extent  in  which,  the  blastodeim 
was  found  to  consist  of  two  layers. 


the  more  highly  developed  and  complex  villi  with  a vascular  stua  e 
formed  from  the  uterine  lining  membrane,  and  which,  from  its  bei  0 
in  whole  or  in  part  separated  along  with  the  ovuin  from  the  uterus 
in  certain  animals  at  the  period  of  birth,  has  received  the  name 

decidua. 

Origin  of  the  Chorion.-The  manner  in  which  the  permanent  chorion  is  first 
formed  has  not  yet  been  fully  ascertained.  The  deposr 1 1 

the  external  surface  of  the  zona  pellucida  of  the  iabbit,  wh  1 } . , , 

course  of  the  descent  of  the  ovum  through  the  Fallopian  tube,  naturally  let.  to 
supposition  that  the  chorion  might  be  derived  from  some  external  deposit  oi  utenne 

SSdl  .12  ^ * — - * 
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ruptured  with  the  slightest  force,  and  there  is  thus  caused  great  difficulty  in  the 
'examination  of  the  ovum.  After  a few  days  the  external  covering  of  the  ovum, 
which  was  previously  smooth  on  its  surface,  becomes  covered  with  slight  pro- 
jections, which  gradually  rise  in  the  form  of  simple  villi,  and  these,  according  to 
Bischoff’  have  at  first  the  same  homogeneous  structure  as  the  zona  originally  pre- 
sented. But  according  to  Kolliker  it  may  be  doubted  whether  these  villi  are  at 
first  entirely  homogeneous,  and,  at  all  events,  he  has  ascertained  that  in  a very 
early  stage  of  their  formation  in  the  human  ovum,  as  in  the  ovum  of  from  fifteen 
to  eighteen  days,  described  by  Coste,  and  which  Kolliker  had  an  opportunity  of 
■examining  microscopically,  the  simple  villi  consist  of  hollow  tubular  processes, 
which  are  entirely  composed  of  nucleated  cells,  similar  to  those  of  the  uppei 
layer  of  the  blastoderm.  It  is,  therefore,  most  probable  that  according  to  the 
view  first  suggested  by  Reichert,  the  villous  chorion  of  the  mammal’s  ovum  is  a 
product  of  the  development  of  the  blastoderm,  and  is  formed  in  fact  by  the 
■extension  of  its  outer  layer,  now  termed  epiblast. 


Fig.  517. — Front  and  Side  Views  of  an  51j- 

Early  Human  Ovum  Four  Times  the 

natural  size  (from  Reichert). 

This  ovum  is  supposed  to  be  of  thirteen 
days  after  impregnation.  The  surface  bare 
of  villi  is  that  next  the  wall  of  the  uterus, 
showing  at  e,  the  opacity  produced  by  the 
thickened  embryonic  disc.  The  villi  covered 
chiefly  the  marginal  parts  of  the  surface. 

Villi  of  the  Chorion. — A large 
part  of  the  external  surface  of  the 
ovum  is  in  the  earlier  stages  beset 
with  villi,  and  these  villi  acquire 
vascularity  by  the  extension  into  them  of  the  blood-vessels  of  the  allan- 
toid membrane  from  within.  In  subsequent  stages,  however,  the  form 
and  extent  of  the  development  of  the  villi  are  subject  to  great  variety  in 
different  animals,  according  to  the  peculiar  form  which  is  assumed  in 
each  tribe  by  the  organic  connection  established  in  uterogestation 
between  the  uterus  and  the  ovum. 

In  the  human  species  the  villi  appear  to  become  vascular  at  a very 
early  period,  as  ascertained  by  Kolliker  in  an  ovum  of  between  three 
and  four  weeks,  in  which  he  found  that,  while  a delicate  loop  of  blood- 
vessels penetrated  into  each  of  the  villi,  the  internal  part  of  the  villus, 
which,  as  before  stated,  was  previously  a hollow  cellular  tube,  was  now 
filled  with  a fibrous  connective  tissue  bearing  the  simple  blood-vessels, 
and  of  a structure  precisely  similar  to  that  of  the  outer  layer  of  the 
allantois.  It  is  therefore  extremely  probable  that  the  primitive  zona 
■of  homogeneous  structure,  after  being  thinned  out  to  great  tenuity  by 
the  continued  expansion  of  the  ovum,  disappears  entirely,  and  is 
replaced  by  a cellular  membranous  structure  derived  from  the  upper 
layer  of  the  blastoderm,  while  the  deeper  fibro-vascular  part  proceeds 
from  the  outer  layer  of  the  allantois ; and  from  this  it  necessarily  follows 
that  the  chorion  is  no  original  component  of  the  ovum,  but  an  acquired 
or  newly-formed  structure  developed  from  a union  of  epiblastic  and 
mesoblastic  elements. 


B 


Endochorion  or  Vascular  layer  of  the  Allantois. — The  separation  of 
the  outer  vascular  layer  of  the  allantois  from  the  deeper  layer  (hypoblast) 


710 


UTEROGESTATION. 


which  contains  the  fluid,  is  sufficiently  obvious  in  many  animals,  as,  for 
example,  m the  sheep  or  pig.  But  in  the  human  subject,  assuming  that  the 
vascular  elements  of  the  chorion  are  derived  from  the  allantois  as  in  animals, 
which  there  is  no  reason  to  doubt,  it  has  been  found  difficult  to  determine 
the  exact  manner  in  which  they  first  pass  into  the  villi,  in  consequence  of  the 
very  early  time  and  extreme  rapidity  of  the  development  of  the  allantois. 
But  notwithstanding  the  observations  previously  mentioned  of  a nonvascular 
pedieulated  vesicle  in  relation  with  the  allantois,  passing  from  the  umbilicus 
of  the  embryo  into  the  space  between  the  amnion  and  chorion ; yet,  in  the 
great  majority  of  instances,  so  rapid  is  the  expansion  of  the  membrane,  that 
even  in  ova  of  from  three  to  four  weeks  old  it  has  been  found  impossible 
to  trace  more  than  the  connection  of  the  pedicle  of  the  allantois  through  the 
urachus  with  the  genito-urinary  sinus  ; and  in  all  the  cases  which  have  been 
observed,  already  the  umbilical  vessels  are  found  detached  from  the  deeper  mem- 
brane, and  passing  widely  over  the  whole  interior  of  the  chorion  to  penetrate 
everywhere  into  its  villi.  We  are  led  thus  to  suppose  that  by  the  early  and  rapid 
expansion  of  the  outer  layer,  or  by  some  other  mode  of  development  of  its 
fibrous  and  vascular  elements,  the  blood-vessels  of  the  human  allantois  have  been 
brought  into  combination  with  the  cellular  layer  of  the  chorion,  and  have  pene- 
trated everywhere  into  its  villi,  into  the  whole  of  which  blood-vessels  and  fibrous 
elements  may  at  first  be  traced.  According  to  this  view  it  is  to  be  understood 
that  while  the  vascular  layer  of  the  allantois  may  thus  become  widely  diffused, 
the  vesicular  or  deeper  layer  may  have  only  a comparatively  restricted  range  of 
development. 


UTEBOGE STATION  : FLACENTATION. 

Incapsulation  of  the  Ovum  in  the  Decidua. — The  further  history  of 
the  chorion  may  be  best  given  along  with  that  of  the  structures  by  which 
the  ovum  is  fixed  in  the  uterus,  and  organic  union  established  between 
it  and  the  maternal  system.  This  union  is  effected  by  the  close  inter- 
penetration of  the  vascular  villi  covering  the  surface  of  the  chorion 
with  a soft  and  spongy  layer  of  substance,  which  is  the  product  of  a 
rapid  enlargement  or  a sort  of  hypertrophy  of  the  lining  membrane  of 
the  uterus.  To  the  latter  substance  the  names  of  decidua  and  caduca 
are  given,  from  the  circumstance  that  it  is  separated  from  the  uterus 
at  birth  along  with  the  foetus  and  its  membranes.  Not  only  is  the 
ovum  from  an  early  period  completely  imbedded  in  a covering  of 
decidua,  but  there  takes  place  at  a somewhat  later  period  of  uteroges- 
tation,  in  a limited  area  of  one  side,  a greater  enlargement  of  the 
vascular  chorionic  villi,  and  in  close  combination  with,  and  surround- 
ing these  villi,  a corresponding  increased  development  of  the  decidual 
substance,  by  which  there  is  produced  the  large  discoid  mass  of 
complex  structure,  named  the  placenta  (or  uterine  cake),  through 
which  the  nourishment  of  the  foetus  and  the  aeration  of  its  blood  are 
mainly  carried  on  during  the  latter  three-fourths  of  the  period  of 
uterogestation. 

This  placenta  continues  to  increase  in  size  with  the  foetus  and  its 
membranes,  and  as  pregnancy  advances,  considerable  changes  take 
place  in  the  relations  of  some  of  these  parts,  for  the  fuller  comprehen- 
sion of  which  it  will  be  necessary  to  state  the  successive  steps  by 
which  the  ovum  becomes  fixed  in  the  uterine  decidua,  or  incapmlated, 
and  the  manner  in  which  the  development  of  the  chorion,  decidua,  and 
placenta  proceeds. 

Earliest  Observed  Human  Ova. — In  two  distinct  cases  of  young 
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unimpregnated  women  who  died  at  the  time  of  the  invasion  of  the 
menstrual  flow,  Mr.  H.  Letheby  detected  an  ovum  covered  by  the 
granular  cells  in  the  first  part  of  the  Fallopian  tube,  on  the  same  side 
on  which  a ruptured  follicle  was  found  in  the  ovary  (Trans.  Roy.  hoc. 
Lond.  1852,  p.  7).  But  the  fecundated  human  ovum  has  not  yet  been 
traced  in  the  course  of  its  descent  in  the  Fallopian  tube,,  noi  has  it, 
indeed,  been  seen  in  a satisfactory  manner  previous  to  the  time  when  it 
is  already  imbedded  in  the  uterine  decidua.  . The . history  of  the  most 
authentic  cases  of  the  earliest  ova  observed  in  this  state  leads  to  the 
conclusion  that  the  fecundated  human  ovum  does  not  leach  the  ca\ ity 
of  the  uterus  before  the  seventh  or  eighth  day  after  its  escape  from  the 
ovary ; and  that  already  by  the  twelfth  or  thirteenth  day,  if  not  even 
sooner,  it  has  acquired  a chorion  covered  with  villi,  and  has  become 
imbedded  in  the  decidua. 

The  human  ovum,  like  that  of  mammals  generally,  probably  under- 
goes very  little  enlargement  during  its  descent  through  the  tube  and 
the  occurrence  of  segmentation,  and  its  diameter  on  arriving  in  the 
cavity  of  the  uterus  does  not  probably  surpass  one  hundredth,  or  at 
most  one  eightieth  of  an  inch.  A very  rapid  expansion,  however,  of 
the  whole  ovum  no  doubt  occurs  immediately  after  its  entrance  into 
the  uterus,  in  the  same  manner  as  observed  in  a number  of  mammals, 
so  that  within  two  or  three  days,  its  size  may  have  increased  to  ten 
or  twelve  times  its  original  diameter.  Having  at  first  only  the  zona 
pellucida  for  its  external  envelope  (or  primitive  chorion),  and  being 
nearly  smooth  on  the  surface,  it  soon  acquires,  by  a process  previously 
described,  its  new  chorion,  on  which  are  formed  the  permanent  villi ; 
and  by  the  time  when  it  has  become  incapsulated,  according  to 
Reichert’s  observations  in  the  recently  published  very  careful  descrip- 
tion of  an  ovum  which  was  probably  of  the  thirteenth  or  fourteenth 
day  after  impregnation,  it  has  a diameter  of  nearly  one-fourth  of  an 
inch,  and  is  beset  with  villi  over  a considerable  part,  but  not  the  whole 
of  its  surface  (see  fig.  517). 

Several  other  examples  of  iucapsulated  ova  of  nearly  the  same  period 
have  been  observed,  as  by  Von  Baer,  Velpeau,  Wharton  Jones,  Coste, 
and  Allen  Thomson ; but  in  all  these,  with  the  exception  of  one 
observed  by  Velpeau,  and  supposed  to  be  of  the  tenth  day,  or  earlier, 
the  whole  surface  of  the  ovum  was  already  uniformly  covered  with  short 
thick  set  chorionic  villi. 

The  ova  observed  by  Velpeau  and  Wharton  Jones  were  like  that  described  by 
Reichert  of  a period  previous  to  the  formation  of  an  embryo,  and  may  be  stated 
as  probably  of  from  ten  to  fourteen  days  old.  (Velpeau,  “ Ovologie  Humaine,” 
Paris,  1833  ; Wharton  Jones  in  “ Trans.  Roy.  Soc.  of  Lond.,”  1837,  p.  339  ; Reichert, 

Beschr.  einer  Fruhzcit.  Menschl.  Fracht,  &c.,”  Berlin,  1873.)  Those  of  Von  Baer, 
Pockels,  Coste,  and  Allen  Thomson  are  of  the  period  immediately  following,  or 
from  fourteen  to  eighteen  days  after  impregnation.  (Von  Baer,  “ Entwickelungs- 
geschichte,”  p.  270  ; Pockels  in  “Oken’s  Isis,”  1825  ; Coste,  “ Hist.  Gen.  et  Partic. 
du  Developpement,  ’ 1847  ; Allen  Thomson,  “ Contrib.  to  the  Hist.,  &c. , of  the 
Human  Ovum  before  the  Third  Week  after  Conception,”  in  “ Edin.  Med.  and 
Surg.  Joum.”  No.  140.) 

Formation  of  Decidua. — Before  the  arrival  of  the  ovum  in  the 
uterus,  the  lining  membrane  of  that  cavity  undoubtedly  undergoes  a 
preparatory  change,  by  which  the  formation  of  the  decidua  is  com- 
menced, and  this  change,  in  its  first  stages,  or  up  to  the  time  of  the 


712 


UTEROGESTATION. 


arrival  of  the  ovum  in  the  uterus,  corresponds  closely  with  that  which 
takes  place  ^at.  every  successive  menstrual  period  in  the  uterine 
membrane.  This  process  consists  essentially  in  a thickening  or  hyper- 
trophy of  the  lining  membrane,  and  is  mainly  due  to  an  extremely 
rapid  proliferation  of  the  subepithclial  cells  and  fibro-cellular  tissue, 
And  an  increased  development  of  the  blood-vessels  and  glands. 


Fig.  518. — The  Decidua  opened 
and  viewed  from  before  (after 
W.  Hunter). 

This  is  a representation  of  tlie 
thickened  membrane  of  the  uterus 
thrown  off  as  the  product  of  abor- 
tion at  a very  early  period  of  gesta- 
tion. a and  b mark  superiorly  the 
passage  of  two  bristles  through  the 
openings  from  the  Fallopian  tubes 
into  the  cavity  of  the  uterus  (cavity 
of  the  decidua),  and  inferiorly  the 
exit  of  the  bristles  at  the  os  uteri. 
In  these  three  situations  the  torn 
edges  are  seen  where  the  decidua 
has  been  separated  from  the  con- 
tinuous part  of  the  mucous  mem- 
brane. At  o,  where  an  ovum  has  pro- 
bably been  lodged,  the  inner  part  of 
the  decidua  is  made  to  bulge  towards 
the  cavity  of  the  uterus,  and  begins 
to  form  decidua  reflexa. 

Tlie  formation  of  a com- 
plete decidua  within  the 
uterus  has  been  observed  in  several  cases  in  which,  although  the  ovum 
was  not  discovered,  or  had  not  yet  arrived  in  the  uterus,  there  was 
reason  to  believe  impregnation  had  occurred  six  or  eight  days  previously. 
(Yon  Baer,  E.  H.  Weber.)  And  a similar  condition  has  been  observed 
in  several  examples  of  extra-uterine  pregnancy  (Hunter  and  others)  ; 
from  which  it  appears  that  the  earlier  changes  connected  with  the 
formation  of  the  decidua  are  independent  of  the  presence  of  the  ovum 
in  the  uterus. 

When  the  ovum  has  been  recently  imbedded  in  the  decidua,  it  forms 
a swelling  or  projection  of  the  surface  within  the  uterine  cavity,  on 
opening  into  which  the  villous  chorion  is  found  surrounded  by  the 
substance  of  the  decidua  or  thickened  mucous  membrane  ; but  the 
covering  of  this  substance  which  passes  over  the  free  surface  of  the 
ovum,  or  that  which  is  towards  the  uterine  cavity,  is  thinner  and 
simpler  in  its  structure  than  at  the  place  of  attachment  of  the  ovum 
and  in  other  parts  of  the  uterine  surface. 

The  most  projecting  part  or  summit  of  the  swelling  formed  by  the 
imbedded  ovum  more  especially  is  somewhat  different  from  the  rest,  aud 
indicates,  by  a sort  of  cicatricial  mark,  a place  where  the  substance 
of  the  decidua,  as  it  gradually  covered  in  the  ovum,  may  be  supposed 
to  have  finally  closed. 

The  decidual  thickening  of  the  mucous  membrane  affects  nearly 
equally  the  whole  of  the  lining  of  the  uterine  cavity,  but  towards  the 


Fig.  518. 
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os  internum,  and  the  openings  of  the  Fallopian  tubes,  the  thickening 
gradually  decreases,  and  the  membrane  assumes  the  unaltered  condition 

•which  is  maintained  in  these  passages.  _p 

By  the  fifth  or  sixth  week,  when  the  ovum  has  reached  a diameter  ot 


Fig.  519. 


Fig.  519. — View  of  the  Interior  of  the  Homan  Gravid  Uterus  at  the 
Twenty-fifth  Day  (from  Farre  after  Coste). 

u,  uterine  wall  ; o,  villi  of  the  chorion  of  the  ovum  ; dv,  decidua  vera  and  enlarged 
uterine  glands  j dv,  decidua  reflexa,  divided  round  the  margin  of  the  ovum,  and  turned 
down  so  as  to  expose  its  pitted  surface,  which  has  been  removed  from  the  ovum.  The 
right  ovary  is  divided,  and  shows  iu  section  the  plicated  condition  of  the  early  corpus 
lutcum. 
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Fig.  520. 


Fig.  520.— Diagrammatic  View  of  a Transverse  Section  of  the  Uterus  at  the 
Seventh  or  Eighth  Week  of  Pregnancy. 


c,  c,  c',  the  cavity  of  the  uterus  which  becomes  the  cavity  of  the  decidua,  opening  at 
c,  c,  the  cornua,  into  the  Fallopian  tubes,  and  at  c\  into  the  cavity  of  the  cervix,  which 
is  closed  by  a plug  of  mucus  ; dv,  decidua  vera ; the  flat  shade  indicates  the  thickened 
subepitlielial  structure,  the  radiated  lines  the  glandular  tubes  between  this  and  the 
muscular  wall ; dr,  decidua  reflexa  with  the  sparser  villi  imbedded  in  its  substance  ; 
ds,  decidua  serotina,  involving  the  more  developed  chorionic  villi  of  the  commencing 
placenta,  and  forming  also  between  these  and  the  muscular  wall  a layer  outside  which  the 
glandular  tubes  are  represented  ; cli,  chorion,  with  its  villi ; u,  umbilical  vessels  of  the 
feetus  passing  into  these,  and  in  the  umbilical  cord  ; al,  remains  of.  the  allantoid 
pedicle  ; am,  amnion  ; y,  umbilical  vesicle  ; y',  its  duct,  connected  with  i,  the  intestine 
of  the  embryo.  The  placenta- is  shown  as  if  it  were  situated  at  the  fundus,  but  may  be 
supposed  to  be  on  the  posterior  wall  of  the  uterus. 
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from  an  inch  to  an  inch  and  a half,  and  the  uterus  has  neaily  doubled 
the  size  which  it  presents  in  the  unimpregnated  state,  the  swelling  foi  med 
by  the  ovum  and  decidua  projects  strongly  like  a tumour  within  the 
uterine  cavity.  The  membrane  of  the  other  parts  of  the  uterus  has 
also  undergone  progressive  increase  in  its  thickness  by  decidual  hyper- 
trophy, so  that,  having  become,  as  it  were,  too  wide  for  the  capacity 
of  the  cavity,  it  is  thrown  into  a number  of  grooves,  enclosing  irregular- 
folds  and  mammillary  projections,  but  still  exhibiting  throughout  the 
peculiar  features  of  the  mucous  lining  membrane.  . . 

On  the  side  of  the  ovum  which  is  towards  the  uterine  wall,  there  is  also 
a layer  of  decidua,  in  which  the  villi  of  the  chorion  aie  imbedded.  At 
this  place,  from  the  sixth  to  the  eighth  week,  these  villi  begin  to  be  more 
thickly  set  and  of  larger  size,  and  to  undergo  a more  complex  ramifica- 
tion than  on  the  other  sides;  and  as  at  the  same  time  there  is  a correspond- 
ing increase  in  the  decidual  substance,  these  villi  become  more  and  more 
closely  involved  in  it,  and  there  is  thus  established  the  commencement 
of  that  more  intimate  combination  of  foetal  villi  and  decidual  substance, 
which  by  its  progressive  development  in  the  two  or  three  following 
weeks,  gives  rise  to  the  formation  of  the  placenta. 

By  the  changes  now  described  there  has  become  apparent  the  dis- 
tinction of  the  three  portions  of  decidua  usually  recognised  by  authors, 
viz.,  decidua  verci,  decidua  reflexa,  and  decidua  serotina.  The  first  of 
these  is  that  portion  of  the  altered  membrane  which  lines  the  general 
cavity  of  the  uterus  in  every  part  except  that  occupied  by  the  attach- 
ment of  the  ovum  ; the  decidua  reflexa  is  that  which  covers  the  ovum 
as  it  projects  into  the  uterine  cavity,  and  which  is  continuous  with  the 
decidua  vera  at  the  base  of  the  swelling. 

The  name  of  decidua  serotina  has  been  somewhat  variously  employed 
by  authors  ; but  may,  in  the  meantime,  be  most  suitably  applied  to  the 
whole  of  the  decidual  substance  intervening  between  the  ovum  and  the 
uterus,  and  which  may  include,  therefore,  both  that  which  is  concerned  in 
the  formation  of  the  placenta,  and  the  distinct  layer  of  decidual  sub- 
stance which  at  a later  period  is  found  covering  the  uterine  surface  of 
the  placenta. 

The  cavity  of  the  decidua,  which  intervenes  between  the  decidua  vera 
and  decidua  reflexa,  and  which  subsists  during  the  first  half  of  the 
period  of  pregnancy,  is  obviously  the  same  as  the  original  uterine 
cavity,  and,  so  long  as  it  remains  open,  naturally  communicates  with 
the  Fallopian  tubes  at  the  upper  angles,  and  the  canal  of  the  cervix 
at  the  lower.  In  the  last  three  months  of  pregnancy,  however,  this 
cavity  is  completely  obliterated  by  the  union  of  the  decidua  vera  and 
reflexa  into  one  layer  over  the  whole  of  their  extent,  so  that  when 
afterwards  much  extended  and  reduced  to  a comparatively  thin  and 
irregular  stratum  of  substance,  they  are  at  birth  thrown  off  as  one 
membrane  along  with  the  other  envelopes  of  the  foetus. 

As  the  human  ovum  has  never  been  observed  in  the  progress  of  its 
incapsulation,  the  exact  manner  in  which  this  occurs  is  still  involved  in 
doubt.  From  the  various  observations,  however,  already  referred  to  on 
early  ova  which  have  undergone  recent  incapsulation,  and  the  know- 
ledge of  what  occurs  in  animals,  it  may  be  conjectured,  as  first  suggested 
by  Sharpey  (Baly’s  transl.  of  “ Muller’s  Physiology,”  1842,  p.  1580) 
that  the  minute  ovum  when  it  arrives  in  the  uterus  may  be  sunk  or 
imbedded  in  the  soft  or  spongy  substance  of  the  mucous  membrane,  and 
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that  when  it  subsequently  enlarges  it  carries  with  it,  or  there  is  formed 
round  it  a covering  of  the  membrane,  the  substance  of  which  is  at 
the  same  time  undergoing  a rapid  decidual  development,  and  that  this 
substance  continuing  to  grow  with  the  ovum  and  expanding  with  it, 
constitutes  the  decidua  reflexa.  The  entire  similarity  of  the  structure 
of  the  decidua  reflexa  at  its  base  with  that  of  the  decidua  vera  is 
in  favour  of  the  view  that  it  owes  its  origin  to  a similar  mode  of 
production. 

The  formation  of  the  decidua  is,  as  has  already  been  stated,  to  be 
attributed  mainly  to  a great  increase  in  the  development  of  the  sub- 
epithelial  tissue.  Its  substance,  accordingly,  consists  in  great  measure 
of  the  cells,  round  and  spindle-shaped,  and  cell-fibres  which  belong 
to  that  tissue  ; but  these  are  mingled  with  much  larger  irregularly- 
formed  multi-nuclear  cells,  which  increase  in  number  as  pregnancy 
advances,  and  which  are  peculiarly  characteristic  of  the  structure  ot 
the  outer  layers  of  the  decidua. 

The  blood-vessels  and  the  glands  of  the  mucous  membrane  also 
undergo  great  enlargement  and  modification.  The  whole  of  the  decidua 
vera  and  the  basilar  part  of  the  reflexa  are  at  first  penetrated  by 
blood-vessels  derived  from  those  of  the  uterus,  more  especially  in  the 
latter  part  of  the  second  and  first  half  of  the  third  months,  when  the 
decidual  structure  may  be  considered  as  having  reached  its  highest 
degree  of  development.  After  this  time  the  blood-vessels  of  the 
decidua  reflexa,  and  later  those  of  the  whole  lining  decidua  of  the 
uterus,  except  in  the  immediate  vicinity  of  the  placenta,  shrink  and 
ultimately  disappear,  so  that  the  united  decidua  becomes  in  the  end 
wholly  n on-vascular.  The  same  retrograde  process,  or  atrophy  and 

disappearance,  occurs  in  the  blood-vessels  of  the  chorionic  villi  by  which 
the  decidua  reflexa  is  penetrated,  and,  although  the  villi  themselves 
never  entirely  disappear,  but  may  be  traced  even  in  the  advanced  stages 
of  pregnancy  as  sparse  and  shrivelled  irregular  arboiescent  processes, 
the  blood-vessels  very  soon  begin  to  shrink  and  disappear  from  all  the 
villi  which  do  not  form  part  of  the  placental  structure. 

The  uterine  glands  also  become  enlarged  during  the  development  or 
the  decidua,  being  both  elongated  in  their  deeper  convoluted  portions, 
which  are  directed  towards  the  muscular  wall  of  the  uterus,  and  under- 
going a peculiar  change  not  yet  fully  understood,  in  the  parts  next 
their  openings  on  the  inner  surface.  Over  the  surface  of  the  whole 
decidua  vera,  as  it  lines  the  uterine  cavity,  and  also  on  the  decidua 
reflexa,  except  at  its  most  projecting  part,  a number  of  irregular  pits 
are  visible  to  the  naked  eye,  which  are  frequently  so  numerous  as  to 
o-ive  the  membrane  a reticulated  or  sieve-like  appearance  (cups  ot 
Montgomery).  These  pits  are  really  the  uterine  glands  enlarged  and 
altered  soon  after  the  commencement  of  pregnancy,  as  first  clcai  y 
shown  by  Sharpey  (Muller’s  Physiology  by  Baly,  1842,  p.  lo79),  and 
the  fact  has  since  been  observed  by  others  (Kolliker,  Coste).  The 
villi  embedded  in  the  decidua  do  not,  however,  occupy  the  cavities  ot 
these  nits  but  so  far  as  yet  ascertained,  are  rather  sunk  m the  mtcr- 
o-landular  hypertrophied  substance  of  the  decidua  between  them 
(Schriider  ranker  Kolk,  Kolliker,  and  Priesfley.  See  the  lectures  bj 
the  latter  “ On  the  Development  of  the  Gravid  Uteius,  1860,  p.  24). 
Upon  the  more  exact  relation  of  the  villi  to  the  uterine  glands  m the 
placenta,  further  remarks  will  be  made  hereafter. 
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From  what  has  been  previously  stated,  it  will  be  seen  that  there  is  at 
first  a general  union  or  interpenetration  of  the  villi  of  the  chorion  with 
the  vascular  decidua,  the  more  extended  part  of  this  union  taking  place 
in  the  decidua  reflcxa,  and  the  remainder  in  that  portion  of  the  decidua 
which  is  interposed  between  the  ovum  and  the  uterus,  and  which  has 
been  already  referred  to  as  decidua  serotina,  but  which  might  from  its 
relation  to  the  formation  of  the  placenta  with  propriety  be  named 
decidua  placentalis.  Already  in  the  latter  half  of  the  second  month  of 
pregnancy,  the  villi  on  the  uterine  side  of  the  chorion  become  larger 
and  more  ramified  than  those  which  run  into  the  decidua  reflexa  ; and 

Fig.  521. 


Fi0.  5-1.  "\  iem  of  the  Dissection  of  the  Pregnant  Uterus  of  Forty  Days  after 

Conception  (from  Leishman  after  Coste). 

seen’  hbT^ptvteef 10-T  "iTi*1  » c>  the  chorion  opened,  the  umbilical  vesicle 

been  timfed bS  frolS  ’6  TMOn  ; d>  d.eeP  Sl,rface  of  decidua  reflexa  where  it  has 
the  uterine  sm-fiee  l ?'um  > r>  r>  remainder  of  the  decidua  reflexa  projecting  from 
T™  Tv  L ’ f which  the  glandular  structure  is  shown  in  the 

ntennigwdl  TT  °-f  T FaUoPian  tubes  seen  within  the  uterus.  In  the 

uterine  vessel  • 10  S*  tiT  |on  11K.  S10"n  between  the  outer  muscular  part  with  the  wide 
utenne  vessels,  and  the  glandular  and  decidual  internal  parts. 
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as  these  latter,  while  they  still  continue  to  grow  to  some  extent,  do  not 
increase  in  number,  or  in  the  complication  of  their  ramifications,  they 
gradually  become  more  sparse,  thin,  and  elongated,  and  lose  their 
vascularity. 

An  active  process  of  increase  meanwhile  is  going  on  in  the  villi 
placed  on  the  uterine  side  of  the  ovum,  by  which,  while  they  become 
larger  and  longer,  and  penetrate  more  deeply  into  the  uterine  decidua, 
they  also  become  more  minutely  and  extensively  ramified.  Changes  at 
the  same  time  occur  in  the  disposition  of  the  decidua  placentalis,  by 
which  it  receives  into  its  substance,  and  is  more  and  more  intimately 
interlocked  with  the  developing  chorionic  villi.  In  the  earlier  stages, 
as  up  to  the  eighth  or  ninth  week,  the  foetal  and  maternal  structures 
may  be  separated  by  the  withdrawal  of  the  villi  from  the  recesses  of 
the  decidua  in  which  they  are  sunk  ; but  by  the  middle  of  the  third 
month,  this  becomes  no  longer  possible  in  consequence  of  the  closer 
combination  or  interlocking  of  the  two  structures  ; in  the  remaining 
half  of  the  third  month  the  union  becomes  more  intimate,  and  by 
the  middle  of  the  fourth  month  the  completion  of  the  placenta  is 
■effected  by  the  continued  increase  in  size  and  modification  of  the 
structure  of  the  maternal  and  foetal  elements. 

Structure  of  the  Placenta.— At  the  time  when  the  placenta  has 
attained  its  characteristic  form  and  peculiar  structure,  or  after  the 
fourth  month  of  pregnancy,  it  forms  a large  discoid  or  lenticular  mass 
interposed  in  a limited  space  between  the  foetal  membranes  and  the 
uterus.  It  presents  a foetal  and  a uterine  surface,  the  former  ha\  mg 
implanted  into  it,  usually  near  the  middle,  the  umbilical  cord,  which 
carries  to  the  placenta  the  umbilical  arteries  and  veins  of  the  foetus, 
•and  is  covered  by  a tubular  prolongation  of  the  amnion,  passing  over 
it  from  that  membrane  where  it  lines  the  placenta  to  the  abdominal 
integument  of  the  foetus.  The  placenta  continues  to  increase  m size 
with  the  foetus,  and  when  it  has  attained  its  full  dimensions,  it  has  a 
width  of  from  seven  to  eight  inches,  and  a thickness  of  about  one 
inch  and  a quarter.  But  towards  the  circumference  it  rapidly  tluns 
where  it  becomes  continuous  with  the  chorion  and  decidua,  i he  foetal 
surface  is  covered  by  the  chorion  and  amnion,  and  presents  the  laigei 
divisions  of  the  umbilical  vessels  before  they  dip  into  the  substance. 
The  uterine  surface  shows  a subdivision  into  a number  of  large  lobes 
sometimes  called  cotyledons,  which  are  covered  with  a layei  of  decidua 
(d  serotina)  passing  over  the  whole  of  this  surface,  and  sending  sep  f 
Sdong Sms  into  the  placenta  between  the  lobes,  which  m some  places 

run  almost  as  far  as  the  foetal  surface.  ...  , \ -fi  ■„ 

The  more  uniform  substance  of  the  placenta  (parenchyma)  within 
these  lobes,  consists,  on  the  one  hand,  of  highly-developed  and  comp 
cated  tufts  of  foetal  villi,  which  adhere  to  the  clionon  by  vascular  stems 
f ponoiderable  size  and  strength,  and  subdivide  again  and  again  in 

; and  in  the  other,  of  certain  dilated  vascular 

SpaceB  continuous  with  the  uterine  vessels,  the  outlines  of  which  follow 
oloselv  the  ramifications  of  the  villi  throughout  every  inflection  of  then 
surface  These  spaces  are  doubtless  to  be  regarded  ^ belonging  to 
ih<>  maternal  system,  but  their  exact  nature  it  is  very  difficult  to  dete 
mine  hi  the  fully  formed  condition.  They  probably  originally  possess 
il„  f 4.iiejr  0Wn  and  are  contained  in  abounding  substance  of  uk 
"du^  A tat  this  has  become  so  reduced  m thmkuess,  or  so 
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closely  united  with,  and  so  nearly  assimilated  in  its  structure  to 
the  villi,  that  it  has  been  found  difficult  to  follow  it  with  certainty, 
and  its  existence  has  even  by  many  been  entirely  denied.  The 
relations  of  these  two  parts  of  the  placenta,  as  ascertained  by  the 
observation  of  their  gradual  development  in  the  growth  of  the 
placenta,  and  their  comparative  anatomy  in  animals,  will  be  referred  to 
hereafter. 

The  whole  of  the  placental  mass,  together  with  the  layer  of  decidua 
on  its  external  or  uterine  surface,  and  the  united  decidua  vera  and  reflexa 
are  separated  at  birth  along  with  the  foetus  and  its  membranes. 


Fig.  522. 


Fig.  522.— Vertical  Section  through  the  middle  part  op  the  Placenta  and  the 
Uterine  Wall  (from  Farre  after  Wagiier). 

The  preparation  was  Horn  a woman  who  died  in  the  thirtieth  week  of  iresH+i™  • 
lines  m,  u,  run  through  the  wall  of  the  uterus  to  the  outer  surface  of  the  placenta  d +hf 
decidua  serotma  ; p,  the  tufts  of  foetal  vascular  villi,  of  which  two  larLr  dfv^’  . ™ 
separated  by  decidual  septa,  as  at  dp  ; /,  the  placental  end  .PtKiSS  LT 
am  the  amnion  ; ch,  the  chorion  ; vf,  divided  fatal  blood-vessels  • v stem^nf 1 ? ’ 

villi ; us,  uterine  sinuses  or  veins  ; a,  a,  coiled  arteries  passing  into’the  pSentl 


Circulation  of  blood  in  the  placenta. — The  existence  of  n distinct 
circulation  of  blood  in  the  foetal  and  in  the  maternal  vessels  of  the 
placenta,  discovered  by  the  Hunters,  has  long  been  placed  beyond 
doubt  by  the  experimental  investigations  of  all  those  who  have  injected 

the  dTstributi0onVnfStl1S  TOth  1su®cienfc  care  and  success.  The  nature  of 

ffiaoenH ^ Tn  thpVff  \8  Ver?  dlffereut  in  the  two  parts  of  the 

placenta  In  the  tufts  of  foetal  villi,  the  umbilical  arteries  and  veins 

irZnllbr  S'  ,C,°at?’  ,"nderf:0  8l'adual  by  ramiBcS 

™d  sroal  cr  tubes,  until  they  at  last  reach  capillary  miuute- 
VOL  a capiltanes  run  in  long  and  tortuous  loops  which 
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pass  from  one  extreme  branch  of  the  villi  to  another,  within  the  fibrous 
core  of  which  they  are  situated,  and  Schroder  van  der  Kolk  has 
described  also  a finer  superficial  network  of  capillaries  distributed 
below  the  epithelial  covering  of  the  stems  and  larger  branches  of  the 
villi.  By  artificial  injections  fluids  can  be  made  to  pass  with  perfect 
precision  from  the  umbilical  arteries  through  the  capillaries  of  the 
villi  into  the  veins,  or  in  the  reverse  direction  from  the  veins  into  the 
arteries.  Nor  does  there  ever  occur,  except  from  visible  accidental 
rupture  of  the  vessels,  either  extravasation  of  the  injected  material  into 
the  intervening  tissue,  nor  any  escape  into  the  maternal  sinuses. 

Fig.  523. — Small  Portion  of  Pla- 
centa SHOWING  THE  FcETAL  VlLLI 
Slightly  Magnified  (from  Leisii- 
man  after  Weber). 

The  uterine  blood-passages, 
on  the  other  hand,  are  of  the 
nature  of  irregular  spaces,  into 
which  the  maternal  blood  is 
poured  directly  by  numerous 
small  coiled  arteries  which,  as 
shown  by  the  Hunters,  pierce 
the  external  decidua  at  the  uterine  surface  of  the  placenta,  and  open 
into  these  blood-spaces  without  the  intervention  of  any  capillary  sub- 


Fig.  523. 


division.  The  result  of  artificial  in- 
jection of  the  blood-vessels  in  the 
pregnant  uterus  equally  demonstrates 
the  nature  of  the  circulation  in  the 
maternal  part  of  the  placenta,  for  it 
is  easy  to  show  by  this  method,  that 
a fluid  thrown  into  the  uterine  arteries 
fills  at  once  all  the  maternal  blood- 
spaces  of  the  placenta,  surrounding 
everywhere  the  chorionic  or  foetal 
villi,  and  returns  thence  into  the 
uterine  veins  by  a number  of  slanting 
venous  channels,  the  uteroplacental 
sinuses,  provided  with  delicate  coats, 
which  issue  from  the  placenta  at  its 
iterine  surface  by  piercing  the  decidua  serotina,  and  which  are  most 
rumerous  towards  the  circumference  of  the  organ,  where  they  are  in  com- 
nunication  with  the  so-called  circular  vein  or  circular  sinus  previously 
referred  to.  Some  of  these  veins  may  even  be  traced  for  some  dis  ance 
hto  the  placenta,  in  the  septa  of  decidual  substance,  which  ar  I 


Fig.  524. 


Fig.  524. — Chorionic  Villus  from  the  Pla- 
centa at  the  Twelfth  Week.  Enlarged 
180  Diameters  (from  Leisbman  after  Ecker). 

From  a to  b,  the  epithelial  covering  is  left 
entire  ; from  a to  a it  has  been  removed  and 
the  fibrous  core  with  the  capillary  blood-vessels 
is  shown. 
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longed  from  the  external  decidua  serotina  between  the  lobes.  (For  an 
excellent  account  of  the  evidence  in  favour  of  the  foregoing  views, 
supported  by  original  observations,  see  Professor  Turner’s  observations 
on  the  “ Structure  of  the  Human  Placenta,”  in  Proceed.  Roy.  Soc.  of 
Edin.,  May,  1872,  and  in  Journ.  of  Anat.,  vol.  vii.,  p.  120.) 


Farther  Consideration  of  the  Structure  of  the  Placenta. — Two  doubtful 
points  respecting’  the  structure  of  the  placenta  still  require  consideration,  viz., 
1st,  the  extent  to  which  uterine  tissue  is  included  in  or  penetrates  into,  or 
remains  as  a constituent  of  the  maternal  part ; and  2nd,  the  relation  of  the 
interpenetration  of  the  foetal  villi  and  the  uterine  decidua  to  the  glandular  or 
other  structures  of  the  uterus. 

In  regard  to  the  first  of  these  points,  the  views  of  anatomists  still  differ  greatly ; 
for,  on  the  one  hand,  some  hold  that  there  is  no  vestige  of  uterine  tissue  left  in 
connection  with  the  maternal  blood-spaces,  at  all  events  in  the  deeper  two-thirds 
of  the  thickness  of  the  placenta,  and  that  consequently  the  maternal  blood  circu- 
lating in  the  placenta  is  in  direct  contact  with  the  epithelial  covering  of  the 
foetal  villi  ; while  others  are  inclined  to  regard  that  epithelial  covering,  or  some 
part  of  the  structure  which  appears  to  belong  to  the  foetal  villi,  as  really 
containing  some  of  the  elements  of  the  decidua. 

Goodsir,  indeed,  described  a double  cellular  covering  of  the  placental  villi, 
regarding  the  external  layer  as  of  uterine,  and  the  internal  as  of  foetal  origin. 
But  later  anatomists  have  not  succeeded  in  confirming  these  observations,  and  it 
does  not  appear  certain  that  there  is  more  than  one  obvious  layer  of  cells  over 
the  surface  of  the  foetal  villi.  If,  therefore,  we  assume  the  existence  of  a 
layer  of  uterine  cells  in  the  fully  formed  placenta,  we  are  reduced  to  the 
necessity  of  supposing  that  it  has  either  replaced  that  of  the  chorionic  villi,  or 
has  become  closely  incorporated  with  it  (Kolliker). 

The  observation  of  the  gradual  penetration  of  the  decidua  by  the  villi  in  the 
earlier  stages  of  placental  formation,  the  possibility  of  separating  the  foetal  and 
maternal  structures  from  each  other  during  a certain  time,  and  the  undoubted 
presence  both  of  decidual  tissue  and  of  uterine  blood-vessels  possessed  of  walls 
of  their  own  in  the  commencement,— all  supply  convincing  proof  that  uterine 
elements  of  structure  have  originally  existed  in  the  placenta,  and  have  contri- 
buted to  its  formation  along  with  those  derived  from  the  foetus  ; but  the  con- 
dition of  the  uterine  elements  in  the  more  advanced  stages  of  placental  growth, 
if  they  really  then  exist,  still  requires  further  investigation. 

The  actual  enlargement  of  the  uterine  capillaries  of  the  decidua  into  the  form 
of  vascular  spaces  has  been  traced  by  Virchow  (Archiv,  vol.  iii.  p.  450),  and 
1 riestley  has  observed  the  capillary  form  of  the  maternal  vessels  surrounding  the 
■villi  in  a pioductof  abortion  of  the  8th  week  (Lectures  on  the  Development  of 
the  Gravid  Uterus,  1860,  p.  62).  Some  anatomists,  indeed,  as  Schroder  Van  der 
IColk,  affirm  that  they  have  been  able  to  detect  the  remains  of  a vascular  wall  in 
connection  with  the  blood-spaces  of  some  parts  of  the  placenta  (Waamemingen 
over  het  Maaksel  van  de  Menschelijke  Placenta  : Amsterdam.  1861),  so  that  it 
may  wrth  reason  be  surmised  that  the  change  which  takes  place  in  the  structure 
oi  the  parts  forming  the  human  placenta,  in  the  course  of  the  fourth  month,  is 
mamly  of  the  nature  of  a rapid  thinning  and  absorption  of  the  elements  of  the 
decidual  tissue  and  vascular  walls. 


The  view  that  the  placenta  originally  consists  of  uterine  as  well  as  foetal  ele- 
men  s com  me  receives  the  fullest  confirmation  from  the  study  of  the  compara- 
"G+OTy°  i 16  I1™?18  ^orms  simple  placental  structures  in  animals,  as, 
• 1 ''  W P a®cn  a ^le  pachydermata,  solipeds,  cetacea  and  some  other 

* “a1’  w?  fth,e  placenta  of  most  ruminants ; in  both  of 

foetal  p“'fc°f  thf  Placental  structure  undergoes  separation  from  the 
■ ' f 1 cons  1 u motbe  non-deciduate  form  of  placentation  ; and  in  the 

ci  s oimso  more  complete  union  of  the  foetal  and  maternal  elements,  which 

oecm  m the  zonal  placenta  of  the  carnivora,  and  the  discoid  of  the  fodentia,  in 
\ i-i  more  or  ess  o ic  maternal  structure  derived  from  decidual  formation 
comes  away  with  the  foetal  product  at  birth.  But  in  all  forms  of  plantation  of 
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1 th®  exception  of  the  Simiae,  in  which  the  structure  probably  agrees 
closely  with  the  human,  the  elements  of  uterine  structure  are  very  clearly  present 
and  the  uterine  blood-vessels  may  be  recognised  as  such,  not  being  dilated  into  wide 
sinuses  or  lacunae,  but  retaining  more  or  less  the  capillary  form  of  distribution  • al- 
though m some  instances  the  capillaries  have  undergone  considerable  dilatation  .’and 
seem  to  be  passing  into  the  condition  of  venous  sinuses.  (For  a very  instructive 
view  of  the  structure  of  the  placenta  in  these  various  animals  and  their  bearing 
upon  the  nature  of  the  placental  structure  in  general,  the  reader  is  referred  to 
Piolessor  Turners  Lectures  on  the  Structure  of  the  Diffused,  the  Polycotyledonous 
and  the  Zonary  forms  of  Placenta,  as  published  in  the  Journal  of  Anatomy  and 

lysio  ogy  vol.  x.,  p.  127,  Oct.  18/5,  and  separately,  1876.  There  may  also  be 
consisted  Von  Baer’s  Entwickelungsgeschichte,  1839,  and  Eschricht,  De  organis 
quai  Respirationi  et  Nutritioni  Foetus  Mammalium  inserviunt,  Hafnise,  1837.) 

Relation  of  the  Uterine  Glands  to  the  Placental  structure. — It  has  long  been 
known  that  in  the  placentation  of  various  mammals  the  uterine  glands  undergo 
an  increased  development,  and  it  has  been  supposed  that  they  enter  into  structural 
and  functional  relation  with  the  foetal  villi  ; but  more  precise  knowledge  is  still 
wanting  as  to  whether,  and  to  what  extent  this  relation  is  of  the  nature  of  an 
actual  penetration  of  the  cavities  of  developed  and  dilated  glands  by  the  cho- 
rionic villi.  It  was  shown  by  Dr.  Sharpey  (Muller’s  Physiology  by  Baly,  vol.  ii. 
p.  1574)  that  the  decidua  which  enters  into  the  formation  of  the  zonular  placenta 
of  the  dog , and  doubtless  of  other  carnivora,  consists  of  a hypertrophical  part  of 
the  uterine  mucous  membrane  of  corresponding  figure,  in  which  the  main  ducts 
of  tlie  laigely  developed  glands  become  dilated  at  their  orifices  into  utricular 
saccules  oi  pouches,  that  hollow  membranous  processes  containing  foetal  vessels 
rise  from  the  chorion,  from  among  the  smaller  vascular  villi,  and  apply  their 
flattened  summits  to  the  widened  mouths  of  the  gland  ducts,  and  enter  a short 
way  within  the  saccules  ; while  these  receptacles  are  filled  with  a whitish  semi- 
fluid secretion  and  are  lined  with  an  epithelium,  which  also  covers  the  intruded 
part  of  the  foetal  process.  As  pregnancy  advances,  the  chorional  and  decidual 
structures  are  further  interlocked,  and  the  arrangement  becomes  more  intricate. 
Decidual,  that  is,  maternal  blood-vessels  are  abundantly  distributed  round  the 
villi  of  the  chorion,  which  they  closely  cover.  These  vessels  are  larger  than  ordi- 
nary capillaries ; they  are  unsupported  by  decidual  stroma,  and  are  separated 
along  with  the  rest  of  the  placenta  in  parturition. 

The  observations  of  Sharpey  appeared  to  receive  confirmation  from  the  inves- 
tigations of  E.  H.  Weber  (Zusatze  zur  Lehre  vom  Baue,  &c.,  der  Geschlechts- 
organe,  1846,)  and  Bischoff  (Entwick.  des  Hundeeies,  1845,),  and  by  many  these 
observations  have  been  held  to  prove  satisfactorily  a connection  between  the 
glands  and  placental  formation.  But  Dr.  Sharpey  has  expressed  himself  cautiously 
on  this  general  question,  and  more  recent  observations  tend  rather  to  throw 
doubts  on  the  penetration  of  the  uterine  glands  by  the  villi  of  the  chorion. 

More  especially  the  observations  of  Ercolani  (Mem.  of  the  Acad,  of  Bologna, 
1868  and  1870)  and  of  Turner  (loc.  cit.)  seem  to  show  that  it  is  possible  that  the 
saccules  described  by  Sharpey  may  be  formed  in  the  uterine  decidua  of  the  car- 
nivora independently  of  the  glands  ; and  they  are  disposed  to  think  that  these 
saccules  are  produced  rather  in  the  interglandular  tissue.  From  an  examination 
of  the  whole  evidence  on  this  point  and  an  investigation  of  the  structure  and 
formation  of  the  placfenta  in  different  animals,  contained  in  the  lectures  previously 
quoted,  Turner  has  ascertained  that  in  the  diffused  form  of  placenta  the  uterine 
glands  open  in  the  sow  into  feebly  vascular  intervals  between  the  vascular  crypts 
in  which  the  foetal  chorionic  fringes  are  sunk,  and  not  into  these  crypts  them- 
selves ; that  in  the  mare  the  glands  open  on  elevated  ridges  between  the  vascular 
crypts  which  receive  the  foetal  villi,  and  only  in  the  Cetacea  (Orca  gladiator) 
did  he  find  gland  apertures  in  some  of  the  placental  crypts.  Again,  the  maternal 
cotyledons  of  the  ruminants  are  destitute  of  utricular  glands,  and  these  are 
confined  to  the  sunk  intercotyledonous  part  of  the  uterine  membrane.  In  the 
zonal  placenta  of  the  carnivora,  as  previously  stated,  Turner  failed  to  trace  the 
uterine  glands  into  the  recesses  of  the  decidua  which  receive  the  prolongations  of 
the  chorionic  plates  and  villi,  constituting  the  foetal  portion  of  the  placenta ; and 
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he  differs  therefore  from  Sharpey  in  regarding  the  crypts  as  of  new  formation 
and  independent  of  the  glands.  He  is  thus  led  to  the  general  conclusion  that  in 
no  kinds  of  placenta  do  the  uterine  glands  form  an  essential  part  of  the  placental 
structure,  and  that  the  uterine  crypts  which  receive  the  foetal  processes  are 
essentially  interglandular  in  their  origin.  Nevertheless  Turner  recognises  the 
existence  in  all  placentas  of  uterine  structural  elements  of  a cellular  nature,  which 
he  regards  as  descendants  of  the  epithelial  or  subepithelial  tissue  of  the  uterine 
mucous  membrane,  and  to  which  he  attributes,  as  others  have  done,  glandular 
functions  in  the  preparation  of  the  matter  which  is  absorbed  as  nourishment  by 
the  blood-vessels  of  the  foetal  villi.  Further  observations  will  be  required  to 
determine  in  how  far  these  views  admit  of  application  to  the  structure  of  the 
fully  formed  human  placenta.  (See  also  Turner’s  Memoir  on  the  Placentation  of 
Seals.  Trans.  Roy.  Soc.  of  Edinburgh.  Yol.  xxvii.,  1875.) 

With  respect  also  to  the  relation  of  the  uterine  glands  to  the  penetration  of  the 
decidua  by  the  villi  in  the  formation  of  the  human  placenta,  further  observations 
are  still  required.  As  previously  stated,  anatomists  have  failed  to  trace  the  villi  into 
the  dilated  parts  of  the  enlarged  glands,  and  Kolliker  after  a careful  examination 
of  the  whole  subject,  comes  to  the  conclusion  (Lectures,  p.  1G2)  that  the  villi  in 
becoming  involved  in  the  decidua  have  no  permanent  connection  with  the  glands. 
He  affirms  indeed  that  the  glands  soon  shrink  over  the  whole  extent  of  the 
decidua,  beginning  to  do  so  as  early  as  in  the  second  month  of  pregnancy,  and 
have  in  great  measure  disappeared  before  the  chorionic  villi  are  fully  connected 
with  the  uterine  membrane.  Reichert,  however,  in  his  recent  description  of  an 
early  human  ovum  affirms  that  commencing  villi  actually  enter  the  mouths  of 
uterine  glands,  and  he  has  given  a diagrammatic  representation  of  the  pro- 
longation of  the  tubes  of  the  uterine  glands  through  the  decidua  to  the  surface 
of  the  membrane,  and  the  small  marginal  villi  of  the  ovum  as  actually  within 
terminal  portions  of  the  glands,  the  cavities  of  which  have  undergone  some 
degree  of  ramification.  Further  observations  will,  however,  be  necessary  for  the 
confirmation  of  a statement  so  much  at  variance  with  the  results  of  most  other 
observers. 


General  conclusion.— In  recapitulation  of  the  preceding  description 
it  may  be  stated  that  the  human  placenta  is  an  organ  which  is  formed 
bj  the  combination  of  two  different  structural  elements  ; of  which  one 
is  derived  from  the  foetus  or  its  membranes,  and  the  other  from  the 
uteius.  The  foetal  part  consists  of  the  developed  vascular  villi  of  the 
chorion,  continues  to  grow  and  extend  itself  with  the  foetus  during 
the  whole  of  uterogestation,  and  is  the  seat  of  a complete  circulation  of 
the  foetal  blood  through  the  capillary  ramifications  of  the  umbilical 
ai  teries,  veins,  and  capillaries.  The  uterine  element  of  the  placenta 
originates  in  a part  of  _ the  decidua,  which  is  produced  by  increased 
growth  and  transformation  of  the  lining  membrane  of  the  uterus  and 

^•n-  r°u‘Ve/Seli'  1Wlth  the  hypertrophied  structure  so  produced  the 
villi  of  the  foetal  chorion  at  first  interpenetrate,  so  that  in  the  earlier 
stages  of  placental  formation  the  uterine  and  foetal  elements  are  for  a 
time  separable,  and  may  still  be  distinguished  from  each  other,  at  the 
penod  even  when  they  have  become  more  intimately  united.  But  in  the 
pi og less  of  development  the  uterine  elements  are  so  much  modified,  and 
v y so  completely  attenuated  or  removed,  that  they  almost  entirely 

JtwetbiL^d  af  f°nI W\th  them  the  walls  of  the  blood-vessels  are 
• , r ,,  ou  t0  j m last  degree,  or  are  entirely  absorbed,  there 

A J e vascular  spaces  through  which  the  maternal  blood 
’ ouf}’  \owever,  may  still  exist  as  to  whether  these  spaces 
are  01  are  not  entirely  deprived  of  any  uterine  enclosure. 

ne  a cma  blood  is  introduced  into  these  spaces  directly  by  the 
mall  coiled  uterine  arteries,  without  capillary  intervention,  and  after 
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moving  through  the  whole  of  the  placental  spaces  in  contact  with  or 
in  closest  proximity  to  the  foetal  villi,  it  is  returned  by  numerous  veins 
through  the  outer  decidua  serotina  into  the  vascular  channels  of  the 
uterus.  This  blood  is  essentially  arterial  in  its  qualities,  and  may  be 
supposed  to  perform  a double  function,  viz.,  1.  to  exert  an  aerating 
effect  on  the  blood  of  the  foetus  through  the  tissue  of  the  villi  and  the 
walls  of  their  minute  vessels,  and  2.  to  supply  for  absorption  by  the 
foetal  vessels  the  new  materials  required  in  the  continued  nourishment 
of  the  foetus. 

The  continuity  of  the  decidua  vera  and  decidua  reflexa  with  the 
decidua  serotina,  and  of  all  three  with  the  whole  thickness  of  the 
placenta  at  its  margin,  sufficiently  demonstrates  the  actual  connection 
of  the  maternal  elements  in  these  several  structures,  and  the  existence 
of  that  connection  is  fully  confirmed  by  tracing  the  steps  of  the  primary 
formation  and  subsequent  development  of  the  two  sets  of  placental 
elements,  by  which  are  ascertained  the  actual  presence  of  both  in  the 
commencement,  and  the  gradual  modification  and  disappearance  of  the 
maternal  part.  The  view  thus  arrived  at  receives  further  support  from 
the  result  of  the  observation  of  the  varieties  of  form  and  structure 
presented  by  the  placental  organisation  in  different  animals. 

Separation  at  Birth  and  Restoration  of  the  Mucous  Mem- 
brane of  the  Uterus. — In  the  act  of  birth  the  whole  decidual  struc- 
tures which  have  been  formed  in  human  uterogestation  are  separated  from 
the  uterus  along  with  all  those  belonging  to  the  ovum,  and  the  placenta- 
tion  is  thus  said  to  be  completely  deciduate.  Thus  in  parturition,  from 
the  effect  of  the  contraction  of  the  uterine  walls  and  the  abdominal 
muscles,  after  the  usual  rupture  of  the  foetal  membranes  and  the  dis- 
charge of  the  amniotic  fluid,  the  foetus  is  first  expelled  : the  placenta  is 
next  detached  and  pressed  downwards,  carrying  with  it  the  layer  of 
serotina  by  which  it  is  covered  on  its  uterine  surface,  and  along  with 
it  necessarily  are  broken  through  the  coiled  arteries  and  the  slanting 
veins ; the  membranes  of  the  ovum  follow,  consisting  of  the  amnion 
and  chorion,  together  with  the  shrunken  covering  of  decidua  which  in 
the  last  stage  of  pregnancy  remains  from  the  union  of  decidua  reflexa 
with  decidua  vera  matted  together  into  one,  which  is  finally  peeled  off 
the  whole  of  the  interior  of  the  uterus. 

The  uterus  having  now  contracted  and  its  cavity  being  greatly  reduced 
in  size,  there  remains,  probably,  on  the  uterine  surface  a part  of  the  sub- 
epithelial  or  decidual  structure  of  the  mucous  membrane,  in  irregular 
shreds  rather  than  in  one  continuous  layer,  and  in  the  deeper  part  are 
imbedded  the  convoluted  uterine  glands  extending  outwards  into  the 
layer  of  fibres  formed  by  the  muscularis  mucosae.  These  remains  of 
decidua,  with  the  clots  of  blood  resulting  from  the  rupture  of  the 
vessels,  are  gradually  cast  off  with  the  lochia,  a discharge  which  is  at 
first  of  a mixed  character,  but  gradually  becomes  more  and  more  com- 
posed of  corpuscles  similar  to  the  Avhite  blood  globules,  and  this  is 
succeeded  by  the  closure  and  contraction  of  the  vessels,  the  prolongation 
of  the  gland  tubes  to  the  surface,  the  formation  of  a complete  ciliated 
epithelial  lining  to  the  cavity,  and  the  complete  restoration  of  the 
natural  structure  of  the  whole  membrane. 
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II.  DEVELOPMENT  OE  PARTICULAR  SYSTEMS  AND 
ORGANS  OF  THE  BODY. 

THE  SKELETON  AND  ORGANS  OE  VOLUNTARY  MOTION. 

The  morphological  development  of  the  skeleton  and  organs  of  voluntary 
motion  is  closely  in  accordance  with  the  general  plan  of  development 
which  belongs  to  the  whole  vertebrate  body.  The  first  steps  are  connected 
with,  the  formation  of  the  strictly  axial  part,  consisting  of  the  enclosing 
walls  of  the  cranio-vertebral  cavity  for  containing  the  ludiments  of  the 
brain  and  spinal  marrow,  and  for  the  issue  of  the  successive  pans  ot  neives 
arising  from  them.  These  are  succeeded  by  the  formation  of  the  walls 
of  the  great  visceral  cavities  of  the  head  and  trunk,  in  which  the  facial 
and  costal  arches  are  to  be  distinguished  ; and  lastly,  the  appendiculai 
parts,  or  the  limbs  and  limb-arches,  are  developed.  The  peimanent 
forms  of  these  parts  are  only  produced  in  the  process  of  ossification  ; 
but  the  rudiments  of  most  of  them  are  already  to  be  distinguished.  in 
the  masses  of  cartilage  or  formative  tissue  which  precede  the  ossifying 

change.  _ . 

As  the  mode  of  ossification  of  the  several  bones  has  been  described  m 
the  osteological  part  of  the  work,  and  the  histological  view  of  the 
process  of  formation  of  bone  has  been  given  in  the  part  on  General 
Anatomy,  the  morphological  view  of  the  development  will  alone  be 
referred  to  in  this  place,  in  which  will  be  included  the  more  important 
phenomena  of  the  preparation  of  the  matrix  or  formative  material  for 
the  various  parts  of  the  skeleton. 


Fig.  525. — Embryo  op  the  Dog  seen  from  above,  Fig.  525. 

wIth  a Portion  of  the  Blastoderm  attached. 

Tlie  medullary  canal  is  not  yet  closed,  but  shows  the 
dilatation  at  the  cephalic  extremity  with  a partial  division 
into  the  three  primary  cerebral  vesicles  ; the  posterior 
extremity  shows  a rhomboidal  enlargement.  The  cephalic 
fold  crosses  below  the  middle  cerebral  vesicle.  Six 
primordial  vertebral  divisions  are  visible  ; so,  the  upper 
division  of  the  blastoderm  ; sp,  the  lower  division. 

1.  VERTEBRAL  COLUMN  AND  TRUNK. 

Relation  of  Vertebral  Rudiments  to 
the  Notochord. — It  has  already  been  shown 
(General  Phenomena  of  Development,  p.  692), 
that  all  the  parts  of  the  skeleton  owe  their 
primitive  formative  material  to  mesoblastic 
elements,  and  that  the  bodies  and  arches  of 
the  vertebrae,  and  the  adjacent  part  of  the 
cranial  walls  are  formed  from  continuous 
blastodermic  substance  lying  below  and  around 
the  primitive  medullary  canal.  A part  also  of 
the  basis  of  the.  cranium  has  this  in  common  with  the  vertebral  axis, 
that  its  formative  substance  surrounds  the  notochord,  extending  for- 
ward from  the  column  of  the  vertebral  bodies  into  the  occipito-sphenoid 
part  of  the  cranial  basis,  which  is  there  composed  of  the  formative 
substance  termed  the  investing  mass  of  Rathke. 

It  is  to  be  remembered,  however,  that  closely  as  the  formative  tissue 
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of  the  bone  elements  appear  to  surround  the  notochord,  that  structure 
does  not  itself,  nor  by  its  sheath,  contribute  to  the  formation  of  the 
vertebral  or  basi-cranial  bones,  but  merely  lies  within  them  ; and  the 
formative  material,  out  of  which  the  bones  are  produced,  is  derived 
from  mesoblastic  substance  which  passes  inwards  from  the  primordial 
vertebral  plates,  and  envelopes  the  chorda  external  to  its  sheath.  The 
formation  of  the  notochord,  therefore,  precedes  that  of  the  formative 
bone-elements  which  afterwards  envelope  it,  and  the  remains  of  the 
notochord,  unaffected  directly  by  any  ossifying  change,  are  found  in 
the  interior  of  the  commencing  bones,  and  may  be  traced  even  for  a 
long  time  throughout  the  whole  length  of  the  column  of  the  bodies  of 
the  vertebral. 


This  important  fact  was  first  demonstrated  by  H.  Muller,  of  Wurtzburg,  who 
showed  further  that  the  notochord  did  not  pass  through  the  anterior  arch  of  the 
atlas,  but  was  traceable  directly  from  the  body  of  the  axis  vertebra  through  its 
odontoid  process,  and  thence  into  the  basi-occipital  and  basi-sphenoid  bones 
reaching  as  far  as  the  pituitary  fossa.  (Heinrich  Muller,  “ Ub.  d.  Vorkommen 
von  Resten  des  Chorda  Dorsalis  b.  Menschen  nach  der  Geburt,”  in  “ Zeitsch.  fur 
Rat.  Med.,,  von  Henle  u.  Pfeifer,  1868,  b.  ii.  See  also  Gegenbaur,  “ Untersuch. 
ub.  Vergleich.  Anat.  Das  Kopfskelet  der  Selachier,”  Leipzig,  1872.  W.  Muller. 
'•  Bau  der  Chorda  Dorsalis,”  in  “ Jenasch.  Zeitsch.”  b.  vi.  E.  Dursy,  “ Zur  Entwick! 
des  Kopfes,”  1869,  and  Mihalkovics,  “ On  the  Chorda  and  Pituitary  Body  ” in 
Archiv  fur  Mikroscop.  Anat. ,”  b.  xi.,  1876.) 

It  may  be  mentioned  further,  as  the  result  of  H.  Muller's  observations,  that 
though. in  general  the  chorda  passes  through  the  middle  of  the  vertebral  bodies, 
the  position  was  found  subject  to  variation  in  the  caudal  portion  of  the  column, 
where  it  sometimes  passed  above,  and  at  other  times  below,  the  vertebral  bodies. 

The  notochord  itself  has  been  generally  held  to  be  produced  from  an  intruded 
central  column  of  mesoblastic  cells,  and  this  seems  to  be  the  mode  of  origin  in 
birds  ; but  it  may  be  doubtful  whether  it  is  the  same  in  all  animals.  In  sharks 
Balfour  finds  that  there  is  no  median  column  derived  from  the  mesoblast.  and 
attributes  the  origin  of  the  notochord  to  the  hypoblast  (Quart.  Joum.  of  Micro- 
scop. Sc.,  Oct.  1874).  The  same  origin  is  ascnbed  to  it  in  mammals  by  Hensen. 
who  finds  that  the  notochord  is  late  of  being  formed  in  the  rabbit, — an  observa- 
tion confirmed  by  Kolliker  : Mihalkovics,  on  the  other  hand,  is  inclined  to  refer  it 
in  all  animals  to  the  epiblast.  However  this  may  be,  the  tendency  of  recent 
research  appears  to  be  to  show  that  the  notochord  may  be  more  nearly  allied 
to  epithelial  structures  than  to  cartilage  with  which  it  has  generally  been 
previously  associated.  It  is  at  all  events  important  to  note  that  it  is  in  many 
respects  different  from  the  parts  ascertained  to  proceed  from  the  mesoblast,  that 
it  never  combines  with  their  elements,  and  that  there  is  no  penetration  of  its 
substance  by  connective  tissue  or  blood-vessels,  as  happens  in  all  other  parts 
derived  from  the  mesoblast. 

The  interesting  observations  of  Kowalevsky  on  the  existence  of  a chorda 
dorsalis  in  Ascidia  (Mem.  de  l’Acad.  de  St.  Petersbourg,  tom.  x.  and  xi.,  1867  and 
1868),  would  appear  to  show  that  this  structure,  and  the  type  of  development 
which  accompanies  it,  are  not  confined  to  vertebrate  animals,  and  that  in  them 
the  notochord  may  present  more  of  a merely  vestigial  character  than  constitute 
an  important  element  in  the  formation  of  the  skeleton.  The  constancy  of  its 
position  and  relations,  however,  is  an  important  fact  regarding  its  history. 

The  notochord  does  not  undergo  transverse  segmentation  in  the  same 
manner  as  the  protovertebral  plate  does.  It  remains  undivided  to  the 
last,  but  in  the  course  of  vertebral  ossification  it  shows  alternate  dimi- 
nutions and  enlargements  of  its  diameter,  corresponding  in  number  and 
position  with  the  vertebral  divisions.  One  of  these  enlargements  is 
found  between  the  odontoid  process  and  the  basi-occipital  bone,  and 
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another  lias  been  observed  by  Mihalkovics  in  the  interval  between,  the 
basi- occipital  and  the  basi-sphenoid  bones  or  their  cartilaginous  matrices. 

Fig.  526. — View  frost  above  of  the  Embryo-Chick  in  the 
FIRST  HALF  OF  THE  SECOND  DAY. 

1,  2,  the  three  primary  encephalic  vesicles  ; in  front  and  to  the 
sides  the  cephalic  fold  ; crossing  at  2 the  fovea  cardiaca  ; 3,  the 
caudal  extremity  of  the  medullary  canal  dilated  into  a rhomboid 
form  ; 4,  4,  six  primordial  vertebral  divisions. 

In  front  of  this  last  swelling,  the  chorda,  is  bent 
down  below  the  base  of  the  skull,  and  tapering  to  a 
fine  filament,  ends  or  is  lost  in  the  floor  of  the 
pituitary  fossa.  The  enlargements  now  mentioned 
have  some  interest  in  connection  with  the  question 
of  the  vertebral  constitution  of  the  skull. 

Segmentation  of  the  Proto  vertebrae. — The 
transverse  vertebrate  segmentation  which  occurs  in 
the  primary  vertebral  plates  affects  only  that  part  of 
these  plates  which  is  formed  of  mesoblast.  It  begins 
at  a very  early  period,  as  already  stated,  even  before 
the  close  of  the  primary  medullary  canal,  in  the  form 
of  one  or  two,  or  it  may  be  three  short  transverse 
transparent  lines  which  separate  a corresponding 
number  of  dark  or  condensed  quadrilateral  masses  of  the  primitive 
vertebral  plates.  These  quadrilateral  masses,  the  so-called  primordial 
vertebra  (Urwirbel  of  the  Germans)  (fig.  526,  4,  4),  do  not,  however, 
correspond  merely  to  the  vertebrae  of  the  skeleton,  nor  are  they  directly 
converted  into  their  rudiments,  but  they  are  rather  divisions  equivalent 


Fig.  526. 


in  number  aud  position  to  the  vertebral  seg- 
ments of  the  body  (somatomes  of  Goodsir)  ; 
each  one  comprising  superficially  a segment  of  the  muscular  plate,  and 
more  deeply  a pair  of  intervertebral  ganglia  and  nerves,  as  well  as  the 
parts  of  the  skeleton  which  lie  before  and  behind  them. 

I he  more  obvious  proto  vertebral  segmentation  does  not  extend  into 


Fig.  527. — Cervical  part  of  the  Primitive  Verte- 
bral Column  and  adjacent  parts  of  an  Embryo 
of  the  Sixth  Day,  showing  the  division  of  the 
Primitive  Vertebral  Segments  (from  Kolliker  after 
Kemak). 


Fig.  527. 


1,  1,  chorda  dorsalis  in  its  sheath,  pointed  at  its 
upper  end ; 2,  points  by  three  lines  to  the  original 
intervals  of  the  primitive  vertebrae ; 3,  in  a similar 
manner  indicates  the  places  of  new  division  into  perma- 
nent bodies  of  vertebrae ; c indicates  the  body  of  the 
first  cervical  vertebra  ; in  this  and  the  next  the  primi- 
tive division  has  disappeared,  as  also  in  the  two 
lowest  represented,  viz. , d and  the  one  above  ; in  those 
intermediate  the  line  of  division  is  shown  : 4,  points 
in  three  places  to  the  vertebral  arches  ; and  5,  similarly 
to  three  commencing  ganglia  of  the  spinal  nerves  : the 
dotted  segments  outside  these  parts  are  the  muscular 
plates. 
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the  mesoblastic  tissue  beyond  the  commencement  of  the  basis  of  the 
cranium,  the  mass  of  blastema  which  there  surrounds  the  prolongation  of 


Fig.  528. — Sections  of  the  Vertebral 
Column  of  a Human  Fcetus  of  eight 
weeks  (from  Kolliker). 

A,  transverse  longitudinal  section  of 
several  vertebrae.  1,  1,  chorda  dorsalis,  its 
remains  thicker  opposite  the  intervertebral 
discs ; 2,  is  placed  on  one  of  the  bodies  of 
the  permanent  vertebrae  ; 3,  on  one  of  the 
intervertebral  discs. 

B,  transverse  horizontal  section  through 
a part  of  one  dorsal  vertebra.  1,  remains  of 
the  chorda  dorsalis  in  the  middle  of  the 
body  ; 2,  arch  of  the  vertebra  ; 3,  head  of  a 
rib. 


the  notochord  (the  investing  mass  of 
Kathke)  remaining  one  and  undi- 
vided, or  being  devoid  at  least  of 
the  marked  cleavage  which  occurs 
in  the  strictly  vertebral  part. 

It  is  from  this  protovertebral  plate 
on  each  side,  whether  in  its  entire 
primitive  condition,  or  in  its  later 
and  divided  state,  that  the  material 
is  derived  for  the  formation  of  the 
bodies  and  laminae  of  the  vertebrae  and  the  muscles  which  cover  them. 
This  is  effected  by  the  rapid  increase  of  the  mesoblast,  and  by  the 
extension  of  that  structure  beyond  the  immediate  confines  of  the 
vertebral  laminae  in  an  inward  and  downward  direction,  so  as  to  throw 
a quantity  of  new  mesoblastic  material  round  the  notochord,  and 
inwards  and  upwards,  so  as  to  pass  in  between  the  primary  medullary 
canal  and  the  enveloping  layer  of  epiblast. 

The  muscular  plate. — Shortly  after  this  extension  of  the  mesoblast 
in  the  two  directions  before  mentioned,  another  separation,  or  rather 
differentiation,  is  observed  to  take  place  in  the  direction  of  its  length, 
in  the  formation  along  the  dorsal  surface,  and  below  the  epiblast,  of  a 
series  of  circumscribed  plates  which  form  the  foundation  of  the  erector 
muscles  of  the  spine,  and  the  great  dorsal  muscles  of  the  trunk.  These 
constitute  together  the  muscular,  or  rather  the  musculo-cutaneous  plate , 
for  it  appears  also  to  include  the  formative  rudiment  of  the  true  skin. 

There  is  thus  deposited  the  formative  material  for  the  vertebral 
bodies,  the  vertebral  arches,  and  the  muscles  which  immediately  sur- 
round them,  together  with  the  general  integument. 

Meanwhile  the  vertebral  segmentation  goes  on  progressing  from 
before  backwards,  extending  through  the  dorsal,  lumbar,  sacral  and 
coccygeal  vertebras,  till  the  process  is  complete  ; but  this  is  accom- 
panied by  other  changes  having  reference  to  the  separation  of  the  nerve- 
roots  and  ganglia  from  their  formative  tissue,  and  the  development  of 
the  elements  of  the  permanent  vertebras. 

In  the  outer  portion  of  each  protovertebral  mass  a transverse  partition 
arises  which  separates  the  anterior  part,  as  ganglion  and  nerve  root,  from 


DEVELOPMENT  OF  THE  SKELETON. 


729- 


the  posterior,  as  matrix  or  forerunner  of  the  bone  and  other  structures, 
which  belong  to  the  vertebral  column.  Each  nerve  then  comes  thus  to 
be  placed  in  front  of  the  future  permanent  vertebra  with  the  pioto- 


Fig.  529. 
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Fig.  529. — Transverse  section  through  the  Dorsal  region  of  an  Embryo-Chick, 
end  of  Third  Day  (from  Foster  and  Balfour). 

Am,  amnion  ; m p,  muscle  plate  ; c v,  cardinal  vein  ; Ao,  dorsal  aorta  at  the  point 
where  its  two  roots  begin  to  join ; Ch,  notochord  ; Wd,  Wolffian  duct ; Wb,  com- 
mencement of  formation  of  Wolffian  body  ; ep,  epiblast ; so,  somatopleure  ; hy,  hypo- 
blast. The  section  passes  through  the  place  where  the  alimentary  canal  (by)  com- 
municates with  the  yolk-sac. 

vertebral  division  of  which  it  was  originally  connected.  In  the  inner 
or  central  part  of  the  primordial  vertebrae  a different  kind  of  change 
occurs,  first,  by  the  amalgamation  or  fusion  of  the  protovertebral 
masses,  and  subsequently  by  their  subdivision  in  such  a manner  that  the 
intervertebral  disc  arises  on  a level  with  or  opposite  the  centre  of  each 
protovertebral  mass,  and  the  blastema,  out  of  which  a permanent  verte- 
bral body  is  formed,  is  made  up  by  the  union  of  two  parts,  an  anterior 
and  a posterior,  the  first  of  these  being  derived  from  the  hinder  part 
of  the  preceding  protovertebral  mass  of  the  same  number,  the  other  part 
being  supplied  by  the  anterior  section  of  the  protovertebral  mass 
immediately  following. 

This  is  a somewhat  complicated  change  ; and  the  more  difficult  to  be  followed 
that  it  would  appear  that  the  original  division  between  the  protovertebral  masses 
disappears  previous  to  a new  segmentation  taking  place.  Thus  it  results  that, 
as  respects  the  centrum  or  body  part,  the  posterior  half  of  one  protovertebra  is 
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thrown  into  connection  with  the  anterior  half  of  the  one  next  following,  and 
thus  each  permanent  body  is  formed  from  parts  of  two  proto  vertebral  masses  ; 
while  in  respect  to  the  arches,  each  one  proceeds  from  the  hinder  segment  of  the 
anterior  of  the  two  protovertebras  concerned,  the  spinal  ganglion  and  root  being 
thrown  into  connection  with  the  hinder  part  of  the  permanent  vertebra  imme- 
diately in  front  of  the  protovertebra  of  which  they  originally  formed  a part. 

Formation  of  Vertebral  Matrices. — While  the  material  for  the 
vertebral  bodies  is  laid  down  round  the  notochord,  a further  extension 
of  mesoblastic  substance  from  the  primordial  vertebral  plates  takes  place 
at  the  sides  and  round  the  medullary  cavity  for  the  matrix  of  the 
vertebral  arches,  and  in  due  course,  by  differentiation  of  the  formative 
■cells,  chondrification  of  the  substance  occurs  in  the  form  of  the  strips 
which  constitute  the  first  rudiments  of  the  vertebral  arches,  and  the 
accompanying  transverse  and  other  processes.  The  first  ossification  of 
these  bones  is  from  cartilage,  but  doubtless  in  them,  as  in  other  bones, 
much  of  the  subsequent  growth  and  extension  of  the  bone  substance 
proceeds  from  sub-periosteal  deposit.  It  is  also  to  be  remarked  that 
in  some  bones  originating  in  membrane,  cartilage  may  subsequently 
contribute  to  the  growth  and  extension  of  the  bone,  as  appears  to  occur 
in  the  lower  jaw  and  clavicle. 

The  chondrification  of  the  formative  matrix  of  the  bones  in  the 
human  embryo  takes  place  chiefly  during  the  fifth  and  sixth  weeks  of 
foetal  life,  and  in  the  seventh  and  eighth,  ossification  has  begun  in 
several  of  the  long  bones.  But  even  before  this  time  an  ossific  deposit 
shows  itself  in  the  fibrous  matrix  of  the  clavicle  and  lower  jaw.  By 
the  ninth  week  the  greater  number  of  the  bones  have  begun  to  ossify. 

The  formation  of  cartilages  for  the  arches  of  the  vertebra  begins  first 
in  those  of  the  dorsal  region,  and  spreads  from  these  forwards  into  the 
cervical  vertebra  and  basis  of  the  skull,  and  backwards  * into  the 
lumbar  and  sacral  vertebra  : but  the  extension  of  the  matrix  upwards 
ceases  in  the  lower  sacral  and  coccygeal  region  where  the  arches  are 
deficient. 

A small  cartilaginous  band  forms  the  matrix  of  the  subcentral  por- 
tion or  anterior  arch  of  the  atlas  vertebra,  quite  distinct  from  that  of 
the  body  of  the  axis,  and  out  of  the  line  of  prolongation  of  the  noto- 
chord. 

In  the  lateral  plates  the  cartilaginous  matrices  of  the  ribs  are  formed 
in  connection  with  those  of  the  transverse  processes,  and  in  the  verte- 
bral part  of  the  ribs  themselves  ossification  is  comparatively  early ; but 
a considerable  part  remains  unossified  in  the  sternal  portion,  or  costal 
cartilages,  in  connection  with  their  special  use  in  the  mechanism  of  the 
respiratory  movements. 

Certain  portions  of  the  transverse  parts  of  the  cervical  and  lumbar 
vertebrae  are  undoubtedly  homologous  with  ribs  ; but  we  give  the  name 
only  to  those  costal  bars  which  are  separately  articulated  to  the  verte- 
bra, and  the  first  of  the  vertebra  with  which  a rib  reaching  the  sternum 
is  articulated  is  reckoned  as  dorsal.  Among  the  thoracic  ribs  ascertain 
number,  as  elsewhere  stated,  of  the  cartilaginous  matrices  behind  the 
first,  are  in  the  commencement  united  together  at  their  ventral  extre- 

* Here  and  elsewhere,  unless  otherwise  explained,  the  terms  used  to  indicate  position 
apply  to  the  primitive  prone  position  of  the  embryo  as  it  lies  in  the  blastoderm,  the 
dorsal  aspect  upwards  and  the  ventral  downwards. 
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mities  into  a strip  of  cartilage  on  each  side,  and  thus  the  matrix  of  the 
sternum  is  at  first  cleft  in  two  behind  the  pre-sternal  portion.  Sub- 
sequent fusion  of  these  two  lateral  strips  unites  them  into  one ; and  the 
transverse  division  of  the  bone  only  appears  from  the  result  of  ossification 
in  successive  distinct  centres.  This  fact  possesses  an  interest  in  con- 
nection with  the  tendency  of  the  meso-sternum  and  xiphi-sternum  to 
divide  and  to  produce  various  degrees  of  the  malformation  termed 
fissura  sterni. 

In  the  lumbar  region  there  is  reason  also  to  look  upon  part  of  the 
transverse  processes  as  representing  costal  elements,  but  it  is  only  in 
cases  of  abnormal  formation  that  they  are  found  distinct  from  the  rest 
of  the  vertebra.  (See  the  Descriptive  Anatomy,  Yol.  I.,  p.  22.) 

The  sacrum  is  peculiar  in  presenting,  thrust  in  and  compressed  be- 
tween its  strictly  vertebral  elements  and  the  iliac  bone  with  which  it 
is  united,  several  bony  pieces  which  may  be  regarded  as  interposed 
ribs.  The  ossification  of  two  of  these  occurs  as  early  as  the  fifth  or 
sixth  month  of  foetal  life. 


2.  THE  HEAD. 


The  head  of  the  embryo  consists  at  first,  as  already  stated,  of  the 
cranial  part  alone,  the  face,  nose,  and  mouth  being  absent.  Below 
the  cranium,  and  extending  as  far  forward  as  the  point  of  junction  of  the 
anterior  with  the  middle  encephalic  vesicle,  is  situated  the  pharyngeal 
portion  of  the  primitive  alimentary  canal,  closed  in  anteriorly  bythe 
inflection  of  the  blastodermic  layers.  It  is  at  this  place  that  subse- 
quently the  opening  of  the  alimentary  canal  to  the  exterior  takes  place 
in  what  constitutes  ultimately  the  isthmus  of  the  fauces ; and  in  front 
of  this  the  buccal  cavity,  not  yet  existing,  is  afterwards  formed. 

In  the  progressive  development  of  the  head  the  principal  changes  by 
which  its  fundamental  parts  come  into  shape  may  be  enumerated  shortly 
as  follows,  viz.,  First,  increase  of  deposit  and  textural  differentiation  of 
the  mesoblastic  substance  for  the  formation  of  the  cranial  walls  in  their 
basilar,  lateral,  and  upper  portions  ; second,  the  interpolation  of  the 
sense-capsules  as  connected  with  the  formation  of  the  rudiments  of  the 
nose,  eye,  and  ear ; third,  the  development  of  the  cerebral  hemispheres 
and  other  parts  of  the  brain  from  the  three  primary  encephalic  vesicles  • 
fourth,  the  occurrence  of  the  several  cranial  inflections  ; and  fifth,  the 
new  formation  of  outgrowths  for  the  development  of  the  parts  of  the  face. 

1.  The  Cranium.  The  basal  portion  of  the  cranium  consists 
primarily  of  two  fundamental  parts.  Of  these  the  posterior  is  dis- 
tinguished by  the  presence  of  the  prolongation  of  the  notochord  within 
it  as  far  forward  as  the  part  of  the  skull  which  afterwards  becomes  the 
pituitary  lossa.  This  portion,  which  may  be  named  occivito-sphenoid, 

QurmlSS8, d f°rm!d  by  the  unciivided  investing  mass  of  Rathke,  which 
ben°r  extremity  of  the  notochord,  and  contains  the 
i , , ;?  . ™e  basi-occipital  and  basi-sphenoid  cartilages.  By  its 

.i 1 '’.ension  0 tbe  sides,  it  forms  the  matrix  of  the  exoccipitals  and 
loL1 15  maSS  °f  cartllaoe  which  surrounds  the  primary  auditory 
• es‘  ^e  main  part  extends  forward  below  the  posterior  and  middle 
primary  encephalic  vesicles,  ending  at  the  pituitary  fossa. 

® an  enoi  poition  of  the  basis  cranii  may  be  called  spheno-ethmoid, 
c n taming  the  matrix  of  the  pre-sphenoid,  and  the  ethmoid 
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cartilages.  It  is  mainly  produced  in  connection  with  the . trabeculae 
cranii, 'which  contain  between  their  separated  limbs  the  pituitary  iossa. 
This  part  of  the  cranial  basis  contains  no  prolongation  of  the  noto- 


Fig.  530. 


Fig.  530. — The  Lower  or  Cartilaginous  part  op 
the  Cranium  of  a Chick  of  the  Sixth  Day 
(from  Huxley). 

1,  1,  cliorda  dorsalis  ; 2,  the  shaded  portion  here 
and  forwards  is  the  cartilage  of  the  base  of  the  skull  ; 
at  2 the  occipital  part  ; at  3 the  prolongations  of 
cartilage  into  the  anterior  part  of  the  skull  called 
trabeculce  cranii  ; 4,  the  pituitary  space  ; 5,  parts  of 
the  labyrinth. 


chord  ; it  lies  belo.w  the  anterior  encephalic 
vesicle  (thalamencephalon),  and  becomes 
greatly  modified  in  connection  with  the 
expansion  of  the  cerebral  hemispheres  and 
primary  ocular  vesicles,  and  the  develop- 
ment of  the  nasal  fossae  and  mouth,  together  with  the  other  parts  of 

ijliG  ^^00 

The  primary  parts  of  the  three  principal  sense  organs,  it  may  here  be 
stated,  the  nose,  eye,  and  ear,  formed  in  connection  respectively  with 
the  cerebral  hemispheres,  the  thalamencephalon,  and  the  third  piimaiy 
vesicle  are  interpolated  between  the  rudimentary  parts  of  the  head  as 
follows  viz.,  1.  The  nose  between  the  frontal,  intermaxillary  and 
ethmoid  ; the  eye  between  the  frontal,  sphenoid,  ethmoid  and  maxillary ; 
and  the  ear  between  the  basi-occipital,  exoccipital  and  alisphenoid. 

While  the  base  of  the  cranium,  to  the  extent  already  mentioned,  is 


Fig.  531. 


Fi°\  531- — View  from  below  of  the  Carti- 
laginous Base  of  the  Cranium  with 
its  Ossific  Centres  in  a Human  Fcetus 
of  about  Fite  Months  (from  Huxley,  slightly 
altered). 

The  bone  is  dotted  to  distinguish  it  from 
the  cartilage,  which  is  shaded  with  mes. 
1,  the  basilar  part,  2,  the  condyloid  oi 
lateral  parts,  and  3,  4,  the  tabular  or  superior 
v>art  of  the  occipital  surrounding  the  foramen 
magnum  ; 5,  centres  of  the  pre-sphenoul  on  the 
inside  of  the  optic  foramen  ; 6,  centres  of  the 
post-sphenoid  ; 7,  centres  of  the  lesser  wings 
or  orbito-sphenoid  ; 8,  septal  cartilage  of  the 
nose  ; 9 & 10,  parts  of  the  labyrinth. 

cartilaginous  in  its  origin,  the  lateral 
and  upper  walls  are  chiefly  of  mem- 
branous formation,  as  in  the  squama 
occipitis,  the  squamo-zygomatic  of  the 

‘ThTtobeX^retch' to1he°anterior  extremity  of  the  heed 

and  maintain  the  foremost  pRce  as  the  sea^of  the  nasal 

external  apertures  of  the  nose,  do  septum,  round  the 

form  a narrow  ethmo-vomerme  cartilage,  the  nasal  septum, 
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back  of  which  the  vomer  is  formed  as  a bony  splenfc  covering  ; while  in 
the  hinder  lyre-shaped  interval  of  the  separated  trabecula}  is  placed  the 
infundibulum  in  connection  with  the  pituitary  body. 

Fig.  532. — Basilar  Part  of  the  Primordial  Cranium 
of  a Human  Fcetus  of  three  months  seen  from 
above  (from  Kolliker). 

a,  upper  half  of  the  squama  occipitis  ; b,  lower  half  of 
the  same  ; c,  cartilaginous  plate  extending  into  it ; d, 

(in  the  foramen  magnum)  the  exoccipital ; c,  basi-occipital ; 

_f,  petrous,  with  the  meatus  auditorius  intemus  ; g,  dorsum 
selhc,  with  two  nuclei  belonging  to  the  hasi-sphenoid 
hone  ; h,  nuclei  in  the  anterior  clinoid  processes  ; i,  great 
wing  nearly  entirely  ossified ; k,  small  wings  ; l,  crista 
galli  ; to,  cribrethmoid ; n,  cartilaginous  nose  ; 0,  strip  of 
cartilage  between  the  sphenoid  and  the  parietal  ; p, 
osseous  plate  between  the  lesser  wings  and  the  cribri- 
form plate. 

From  the  side  of  the  presphenoid  cartilage  the  matrix  of  the  orbito- 
sphenoids  or  lesser  wings,  containing  the  optic  foramina,  is  developed  ; 
and  from  the  sides  of  the  basi-sphenoid  proceeds  the  matrix  of  the 
greater  wings,  which  are  also  cartilaginous  in  their  origin. 

In  the  periotic  or  cartilaginous  rudiment  of  the  temporal  bone  three 
centres  of  formation  are  distinguished  by  Huxley,  viz.,  1.  Opisthotic,  or 
that  surrounding  the  fenestra  rotunda  and  cochlea  ; 2,  prootic,  or  that 
which  encloses  the  superior  semicircular  canal  ; and  3,  qnotic,  or  that 
which  surrounds  the  posterior  semicircular  canal  and  extends  into  the 
mastoid  portion.  They  soon  unite  into  one  so  as  to  form  the  petro- 
mastoid  bone. 


Fig.  532. 


Fig.  533. — Longitudinal  Section  through  the 

Head  of  an  Embryo  of  Four  Weeks  (from 

Kolliker). 

v,  anterior  encephalic  vesicle,  cerebral  portion  ; 
z,  interbrain  ; to,  midbrain  ; h,  cerebellum  ; n, 
medulla  oblongata ; no  and  a,  optic  vesicle ; 

o,  auditory  depression  ; t,  centre  of  basi-cranial 
flexure  ; t',  lateral  and  hinder  parts  of  tentorium ; 

p,  the  fold  of  epiblast  which  forms  the  hypo- 
physis cerebri. 

The  styloid  process  and  the  auditory 
ossicles  are  of  cartilaginous  origin. 

The  squamo-zygomatic  and  tympanic  are  produced  from  membrane. 

The  Cramal  Flexures.— The  earliest  and  the  most  important 
of  the  cranial  flexures  is  that  which  takes  place  at  the  anterior 
ox  leant)  of  the  notochord  and  in  the  region  of  the  mid-brain  or 
mic  d e encephalic  vesicle.  Here,  as  previously  stated,  the  notochord 
extends  into  the  substance  of  the  basis  of  the  cranium  as  it  is  prolonged 
forwards  in  the  line  of  the  vertebral  bodies.  At  this  place  the  medul- 
ai)  u e,  and  the  substance  forming  the  wall  of  the  cranium  especially, 
undergoes  a sudden  bending  downwards  and  forwards,  so  as  to  cause  the 
projec  ion  of  the  thickened  cranial  base  in  a marked  manner  upwards. 

11s  coincides  with  the  place  where  the  investing  mass  and  the  trabe- 
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culm  meet,  and  where  inferiorly  the  pituitary  body,  and  superiorly  the 
infundibulum  are  .afterwards  formed.  The  investing  mass  of  blastema, 
in  which  the  anterior  extremity  of  the  notochord  is  enclosed,  and  the 
notochord  itself,  terminate  here  behind  the  pituitary  fossa,  or  what 
afterwards  becomes  that  part,  in  a place  corresponding  to  the  dorsum  sellae 
of  human  anatomy.  Above  and  behind  this,  the  middle  cerebral  vesicle 
forms  the  most  prominent  part  of  the  cranium,  which  remains  a charac- 
teristic feature  of  this  part  of  the  embryo  head  for  a considerable  time. 

Another  early  flexure  of ^ the  cranium  accompanies  the  development 
of  the  cerebellum  from  the  third  primary  vesicle,  a cleft  now  appearing 
behind  and  below  the  rudimentary  cerebellum,  in  the  region  of  the-  ; 
fourth  ventricle,  and  above  the  medulla  oblongata,  and  this  flexure  is 
necessarily  attended  with  a convexity  forwards,  or  another  flexure  in 
the  place  of  the  pons  Yarolii. 


Fig.  534.  Fig.  534. — Longitudinal. 

Section  of  the  Human 
Embryo  at  the  sixth  or 

SEVENTH  WEEK. 

1,  cerebral  hemispheres  ; 
2,  vesicle  of  the  third  ven- 
tricle ; 3,  mid-brain  ; 4, 
cerebellum  ; 5,  medulla  ob- 
longata ; ch,  notochord  pass- 
ing up  through  the  bodies 
of  the  vertebrae  into  the 
basis  cranii  and  terminating 
in  the  head  between  the  in- 
fundibulum and  the  sac  of 
the  hypophysis  cerebri  ; s, 
the  vertebral  spines  ; n,  the 
spinal  cord  ; p,  the  pharynx ; 
7,  the  heart  • l,  the  liver  ; i,  the  stomach  and  intestine ; cl,  the  cloaca  ; v,  the  uiinary 
bkdder  S pedicle  of  the  allantois  ; «,  < the  umbilicus  , so: 
intestinal  duct,  urachus  and  vessels  ; between  7,  and  7,  superiorly,  the  Wolffian  body  is 

shown. 

The  great  cranial  flexure  thus  marks  the  division  between  the  strictly 
basi-cranial,  or  occipito-sphenoidal,  and  the  basi-facial  or  spheno- 
ethmoidal part,  the  chorda  terminating .between  those > two > Prions- 
of  the  cranial  base,  with  a conical  and  sharp  point,  _ Here  the  cl  o 
is  itself  bent  downwards  and  forwards,  and  terminates  in  a spot 
which  corresponds  to  the  post-sphenoid  body,  oi  ‘ Y 

According  to  Mihalkovics,  who  has  recently  mvesti  gated  the  subject 
with  care  (see  Archiv  fur  Mikroskop.  Anat.,  vol.  xi.,_  lfe/o,) 
nection  with  the  formation  of  the  pituitary  gland  m mammals  and 
birds  the  chorda  tapers  off  to  a tine  point  m front  of  this  spot,  but 
plSette  a Sll|t  swelling  just  at  the  place  of  the  future  oco.p.to- 

BPm™fomation  of  the’mouth,  and  its  opening  by  the  fauces  mto  the 
pharyngeal  or  first  part  of  the  primitive  alimentary  canal,  are  phenomena 
of  devefopment  intimately  connected  with  the  formation  of  the  central 
part  of  the  cranium  and  sella  turcica,  but  they  are  also  associated  wi 
the  development  of  the  face,  which  is  next  to  be  consideied. 

Formation  of  tne  Mouth  and  Hypophysis  cerebri.-Along  ^ 

changes  which  accompany  the  formation  of  the  principal  cranial  flexure, 
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associated  in  a remarkable  manner  the  origin  of  a body  (the  pituitary  gland 
or  hypophysis  cerebri)  the  nature  and  uses  of  which  in  the  adult  are  entirely 


Fig.  535. 
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Fig.  535.-Vertical  Section  op  the  Head  in  Early  Embraces  op  the  Rabbit 

Magnified  (from  Milialkovics).  BIT‘ 

A.  From  an  embryo  of  fire  millimetres  long. 

B.  From  an  embryo  of  six  millimetres  long, 

C.  Vertical  section  of  the  anterior  end  of  "the  notochord  and  nitnitnmr  iwU-  * 

an  embryo  sixteen  millimetres  long.  Pituitary  hodj,  &c.,  from 

In  A,  the  faucial  opening  is  still  closed  : in  B it  is  formal  . „ „ . • , 

! m°'  “ed""a  °blrS“to  ; medSS 

of  *• taTo,uM  i>art  ot  ae 
connections^  ttaVhX^ies  o£  TlrtXi(MS™Cei  ““t  the  lm!formiV  of  its 

morphological  relation.  ertebiate  animals,  points  to  some  important 

of  The  rdivei^ihmroTt/011  7^  infunfbulum 

other,  was  first  pointed  out  by  Rathke  rMun  ?T.  ahmentary  canal  on 

afterwards  abandoned  the  view  there  set  forth1  1838,  P'i8^’  altbou"h  he 

others  , and,  among  recent  observers, 
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elaborate  investigation  of  the  whole  subject  (Jenaische  Zeitschr.,  vol.  vi.,  1871), 
who  traced  most  carefully  the  nervous  and  diverticular  elements  in  their  develop- 
ment, and  their  union  with  mesoblastic  elements  in  the  formation  of  the  gland. 
Goette  next  ascertained  that  the  diverticulum  from  below  is  connected  with  the 
buccal  cavity  and  epiblast,  and  not  with  the  pharynx  and  hypoblast,  as  was  pre- 
viously supposed  (Archiv  fur  Mikroscop.  Anat.,  vol.  ix.,  p.  39/). . The  observa- 
tions of  Mihalkovics  on  Mammals  complete  the  history  of  this  point  in  develop- 
ment, and  will  be  mainly  employed  in  the  following  description. . 

The  formation  of  this  body  may  be  shortly  described  as  consisting  in  the  meet- 
ing and  combination  of  two  outgrowths  from  very  different  fundamental  parts  , 
one  cerebral  or  medullary  from  above,  and  the  other  corneous  or  epiblastic  (glandu- 
lar), from  below,  in  a recess  of  the  cranial  basis  which  afterwards  becomes  the 
pituitary  fossa  (fig.  535,  B,  The  cerebral  outgrowth,  the  posterior  of  the 

two  parts,  takes  place  by  the  formation  of  a pointed  projection  downwards  of  a 
portion  of  the  lower  medullary  wall  of  the  vesicle  of  the  third  ventricle,  and  its 
firm  adhesion  to  the  base  of  the  cranium.  This  is  the  commencement  of  the 
infundibulum.  Meanwhile,  a little  in  front  of  the  same  place,  there  is  projected 
upwards  from  below  a part  of  the  basilar  surface  of  the  cranium,  so  as  to 
form  a deep  recess  lined  by  the  corneous  layer  from  the  back  and  upper  part 
of  the  future  mouth.  This  recess  is  the  commencement  of  the  hypophysis  or 
pituitary  body  in  its  glandular  portion,  which  is  not,  as  has  been,  supposed, 
a recess  from  the  pharynx,  seeing  that  it  is  in  front  of  the  opening  whici 
is  afterwards  formed  for  the  fauces.  The  depressed  and  sharpened  out 
anterior  part  of  the  notochord  is  directed  downwards  and  forwards,  while  the 
n nf  fhe  bvnonhvsis  is  carried  upwards  and  backwards,  and,  according  to 


A 


Fig.  536. 


B 


Fig.  536.— Cranium  and  Face  of  the 
Human  Embryo  seen  from  bekore 
(from  Ecker). 


cess ; 6,  the  superior  maximum  > • > 

the  mandibular  ; x , the  tongue  ; 8,  the  first 

pharyngeal  cleft,  which  becomes  the  meatus  auditorius  externus. 


A,  from  an  embryo  of  about  three  weeks  : 
1 anterior  cerebral  vesicles  and  cerebral 
hemispheres ; 2,  interbrain  ; 3,  middle  or 
fronto-nasal  process  ; 4,  superior  maxillary 
plate ; 5,  the  eye  ; 6,  inferior  maxillary  or 
mandibular  plate  (first  postoral)  ; 7,  second 
plate ; 8,  third  ; 9,  fourth,  and  behind  each 
of  these  four  plates  their  respective  pharyn- 
geal clefts.  B,  from  an  embryo  of  five 
weeks  : 1,  2,  3,  and  5,  the  same  as  in  A ; 
4,  the  external  nasal  or  lateral  frontal  pro- 
cess:  6,  the  superior  maxillary  plate  ; /, 


B,  from  an  embryo  of  five 


; 6,  inferior  maxillary  or 
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The  flask-like  outgrowth  of  the  buccal  epiblast  which  gives  rise  to  the  hypo- 
physis cerebri,  is  now  gradually  shut  off  from  the  corneous  layer  and  cavity  of  the 
mouth,  first  by  the  constriction,  and  subsequently  by  the  closure  of  its  place  of 
communication.  There  remains,  however,  for  a considerable  time,  a longish 


Kg.  538.  — Plan  of  the 
Skull,  &c.,  of  the  same 
Embryo  seen  from  below. 

Magnified  ten  diameters 
(from  Parker). 

In  this  and  the  preceding 
figure  the  letters,  where  pre- 
sent, indicate  the  following 
parts  : — 

o'  to  c5 , the  five  primary 
divisions  of  the  brain  ; a,  the 
eye  ; n,  the  nose  ; m,  the 
mouth  ; tv,  cartilage  of  the 
trabecula: ; ctr,  cornua  tra- 

becularum  ; pn,  prenasal  car-  Fig.  538. 

tilage ; ppg,  pterygo-palatine 
cartilage  ; inn,  the  mandi- 
bular arch  with  Meckel’s  car- 
tilage ; te,  first  visceral  cleft 
which  becomes  the  tympano- 
eustachian  passage  ; au,  the 
auditory  vesicle  ; hy,  the 
cerato -hyoid  arch  ; hr,  the 
branchial  bars  and  clefts, 

1 to  4 ; thh,  the  tliyro-hyoid ; 
py,  the  pituitary  fossa  ; ch, 
the  notochord  in  the  cranial 
Basis,  surrounded  by  the  in- 
vesting mass  (iv)  ; vii,  facial 
nerve ; ix,  glosso-pharyngeal  ; 
x,  pneumogastric ; xn,  hypo- 
glossal nerve. 

thread  of  union  between 
the  two  (fig.  585,  C,  /). 

The  epithelium  of  the  en- 
closed portion  subsequently 
undergoes  development 
into  glandular  coeca  and 
cell-cords,  and  its  internal 
cavity  becomes  gradually 
obliterated.  This  forms 
the  anterior  part  or  lobe 
of  the  pituitary  body.  The 

<-WGS  °r^’.n  combination  with  mesoblastic  tissue  of 

hpf!™  extension  of  the  infundibular  process  of  the  brain,  which  is  thrust  : 
. f .e  Sac,°  . 1C  Pltlutai-y  body  and  the  dorsum  sellae.  The  nervous  stru 
is  posenor  lobe  afterwards  disappears  in  the  higher  animals,  but  • 
the  lower  it  retains  its  place  as  a part  of  the  brain. 


Fig.  537.  — Outline  Plan 
View  of  the  Upper 
Part  of  the  Body  of  an 
Embryo  Pig,  two-thirds 

OF  AN  INCH  IN  LENGTH. 
Magnified  seven  dia- 
meters (from  Parker). 


Fig.  537. 
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2.  Subcranial,  Facial,  or  Pharyngeal  Plates  or  Arches. — 

In  man,  and  all  vertebrates,  there  are  developed  below  arid  on  the 
sides  of  the  cranial  part  of  the  head,  a series  of  processes  or  bars  in 
pairs,  which  contribute  to  the  formation  of  the  subcranial  structures 
constituting  the  face  and  jaws,  and  the  hyoid  and  other  parts  inter- 
vening between  the  head  and  trunk.  These  bars  first  received  attention 

' Fig.  539. 


the  Human  Embryo. 

A,  profile  view  of  tlie  liead  and  fore  part  of  the  body  of  an  embryo  of  about  four  weeks- 
(frorn  nature,  1-f)  : the  five  primary  divisions  of  the  brain  are  shown,  together  with  the 
primary  olfactory  and  optic  depressions,  and  a,  the  auditory  vesicle  ; 1,  marks  the  man- 
dibular plate,  and  behind  this  are  seen  the  three  following  plates  with  the  corresponding 
pharyngeal  clefts.  B,  from  an  embryo  of  about  six  weeks  (from  Ecker,  f)  : tlie.  cerebral 
hemispheres  have  become  enlarged  and  begin  to  spread  laterally  ; 1,  the  lower  jaw  ; 1 , 
the  first  pharyngeal  cleft,  now  widening  at  the  dorsal  end,  where  it  forms  the  meatus 
externus  ; the  second  cleft  is  still  visible,  but  the  third  and  fourth  clefts  are  closed  and 
the  corresponding  plates  have  nearly  disappeared.  O,  from  a human  foetus  of  nine  weeks 
(from  nature,  f)  ; the  features  of  the  face  are  now  roughly  formed  ; the  first  pharyngeal 
cleft  is  now  undergoing  conversion  into  the  meatus,  and  the  auricle  is  beginning  to  lise  at 
its  outer  border. 

from  their  discovery  by  Rathke  in  1826,  published  in  the  Isis  of  that 
year,  and  were  named  by  him  the  branchial  arches,  from  the  relation 
which  some  of  them  bear  to  the  gill  bars  of  branchiate  vertebrates. 
Their  nature  and  transformations  were  folly  investigated  by  Reichert 
in  1837  (Muller’s  Archiv,  1837).  From  later  researches  it  appears  that 
other  processes,  with  somewhat  similar  relations  to  the  cranium,  occuiiing 
further  forward,  may  be  associated  with  those  described  as  branchial  by 
Rathke,  and  it  will  be  expedient  therefore  to  describe  the  whole  of  the  sub- 
cranial outgrowths  together  at  this  place.  In  this  the  views  of  Huxley 
and  Parker  will  be  chiefly  followed.  (See  “ On  the  Structure  and  Develop- 
ment of  the  Skull  in  the  Pig,”  by  W.  K.  Parker,  in  Trans.  Roy.  Soc. 
1873,  p.  289  ; Huxley,  in  Elements  of  Compar.  Anat.,  1864,  and  Manual 
of  Compar.  Anat.,  1871 ; also  Gegenbaur,  Das  Kopfskelet,  &c.,  1872). 

According  to  these  views  the  parts  of  the  head  situated  in  front  of  and 
above  the  future  mouth,  are  formed  from  two  pairs  of  plates,  which  may 
thence  be  called  preoral,  in  one  pair  of  which  the  bars,  are  the  same 
with  the  trabecula  crcinii  of  Rathke  surrounding  the  pituitary  gland, 
and  are  the  basis  of  formation  of  the  pre-sphenoid,  ethmoid,  nasal,  and 
pre-maxillary  portions  of  the  skull,  while  in  the  other  pair,  consisting  in 
each  of  a deeper  and  a superficial  part,  the  bars  form  the  foundation 
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of  the  pterygo-palatine  wall  of  the  nose  and  mouth,  and  the 
superior  maxillary  bone.  The  nasal  pits  or  primary  nasal  depres- 
sions, which  extend  themselves  afterwards  into  the  nasal  fossae,  and 
remain  permanently  open  to  the  exterior,  are  formed  by  a depres- 
sion of  the  surface  of  the  epiblast  in  the  anterior  prolongation  of 
the  head  as  constituted  by  the  ends  of  the  trabeculae,  and  the  harder 
structures  of  the  septum  and  walls  of  the  nasal  cavities,  as  well  as  the 
turbinated  structures  on  which  the  olfactory  nerves  are  distributed,  are 
all  derived  from  the  anterior  parts  of  these  trabeculae  ; — a mesial  union 
giving  rise  to  the  nasal  septum,  while  lateral  parts  circling  round  the 
nasal  pits,  form  the  alar  enclosures  of  these  depressions  (see  figs.  537 
and  538). 

The  second  preoral  subcranial  plates  have  received  the  name  pterygo- 
palatine from  the  nature  of  their  deeper  connection  with  the  bar  in 
which  the  pterygoid  and  palate-bones  are  afterwards  formed.  These 
enclose  the  posterior  nasal  apertures,  and  advancing  from  the  two  sides, 
at  last  meet  each  other  in  the  palate,  and  in  front  meet  the  pre-maxil- 
lary  process  to  complete  the  palate  and  upper  jaw. 

But  these  are  only  the  deeper  parts  of  the  structure  out  of  which  the 
upper  jaw  is  formed,  there  being  on  the  surface  of  the  head,  and  behind 
the  depression  of  the  eye  on  each  side,  a bulging  process  known  as  the 
superior  maxillary  process,  in  which  the  upper  jaw  and  malar  bone 
are  formed,  and  which  has  externally  the  appearance  of  bending  round  the 
angle  of  the  mouth  in  continuity  with  the  mandibular  or  inferior  maxillary. 

The  formation  of  the  superficial  parts  of  the  face,  as  seen  from 
before,  may  be  described  as  follows,  viz. : — In  the  middle,  there 
descends  in  what  now  forms  the  region  of  the  forehead,  a mesial 
portion,  the  fronto-nasal  plate,  which  forms  the  integument  of  the 
nose,  as  far  as  the  inside  of  the  nostrils,  and  the  columella  of  the  nose, 
together  with  the  mesial  part  or  lunula  of  the  upper  lip,  that  is,  all 
the  part  lying  inside  the  depression  of  the  nostrils.  On  the  outside  of 
these  depressions,  a short  lappet  surrounds  the  orifice  of  the  nostrils, 
as  wings  forming  the  external  nasal  processes.  It  is  towards  the 
outside  of  these  last  plates  that  the  ocular  depression  is  situated,  that 
depression  being  thus  interposed  between  the  lateral  or  external  nasal 
plate,  and  the  maxillary  plate,  and  forming  the  fissure  which  has  been 
called  the  ocular  fissure,  but  which  afterwards  becomes  more  strictly 
the  lachrymal  in  its  anterior  part  (see  figs.  536  and  539). 

• buccal  aperture  now  passes  across  the  face,  having  the 

middle  and  external  nasal  with  the  superior  maxillary  plates  above 
and  m front,  and  the  inferior  maxillary  plates  below  and  behind.  It 
r J remembered,  however,  that  the  cavity  of  the  mouth  is  thrown 
^ . 16  outward  development  of  the  subcranial  plates,  which 

xi  \ - Tf°.le  anc*  more  the  buccal  cavity  as  they  grow  outwards  from 
the  primitive  cranium. 

in °f  pharyngeal  visceral  plates  are  four  in  number; 
fho  mnnfi  °i  ]at  a!ready  mentioned  as  following  immediately  behind 
Af  nu  f°-T?  lhe  or  inferior  maxillary, 

all  vprf-pl-n'ofol^6!1?^  V1  ^ie  human  foetus,  and  in  that  of 

vprf-pbrfrpcT  ’ ^ fteS  ° ^ ns  Ascription  are  found,  but  in  the  lower 
f mr  nnd-f  i Feater, number  exists  than  in  the  higher.  The  number  of 

vertebrate*?  i°  T111, 11a  common  with  all  the  non-branchiate 

. . Behind  each  of  these  plates  there  are  formed  from  within, 
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in  the  course  of  development,  clefts  which  penetrate  the  wall  of  the 
pharynx  ; these  clefts,  or  so-called  branchial  apertures,  running  com- 
pletely through  the  wrall  of  the  pharynx  and  the  external  wrall  of  the 
body  of  the  embryo  (see  figs.  537  and  538). 

The  auditory  pit,  or  primary  depression  from  the  epiblastic  surface 
which  forms  the  rudiment  of  the  labyrinth  of  the  ear,  is  situated  imme- 
diately above  the  upper  or  proximal  end  of  the  two  first  postoral 
plates,  and  consequently  on  a level  with  the  first  postoral  cleft.  And 
this  proximity  of  position  is  connected  with  the  intimate  relation  in 
which  two  sets  of  parts  stand  to  each  other  : for  the  part  called  the 
first  branchial  cleft  is  afterwards  converted  into  the  external  and  middle 
passages  of  the  ear,  (meatus,  tympanum,  and  Eustachian  canal),  the 
membrana  tympani  being  at  a later  period  thrown  across  the  passage. 
It  forms  thus  the  tympano-eustachian  cleft  or  canal.  The  tympanic  bone 
is  of  membranous  origin  and  is  formed  round  the  first  cleft.  The  external 
auricle  is  of  integumental  origin,  and  is  formed  in  the  second  postoral 
bar  posteriorly  and  externally  to  the  aperture  of  the  first  cleft. 

The  second  postoral  cleft  is  the  first  true  water  passage,  or  the  first 
of  those  which  serves  as  a gill  aperture  in  branchiate  vertebrates,  and 
which  may  in  the  lower  classes  be  increased  to  a greater  number. 

Although  the  description  of  some  of  the  changes  which  the  several 
pharyngeal  plates  or  branchial  arches  undergo  in  the  further  process 
of  development,  belongs  to  a different  part  of  the  subject,  yet  it  may 
be  useful  to  describe  shortly  the  more  important  of  them  in  this  place. 

In  the  first  or  mandibular  arch  a strong  cartilaginous  bar  is  formed 
known  as  the  cartilage  of  Meclcel,  on  the  exterior  of  which,  but  not 
in  its  own  substance,  throughout  a considerable  part  of  its  distal  length, 
the  lower  jaw-bone  is  afterwards  developed.  The  proximal  part  next 
the  cranium,  which  comes  later  to  be  connected  with  the  auditory 
capsule,  becomes  in  mammalia  the  malleus,  in  birds  and  reptiles  chiefly 
the  os  quadratum.  (See  figures  in  connection  with  development  of  the  ear.) 

In  the  second  or  hyoid  arch  are  developed  the  styloid  process,  the 
stylo-hyoid  ligament,  the  lesser  or  upper  cornua  of  the  hyoid  bone,  the 
series  of  parts  which  connect  them  with  the  basis  of  the  skull,  being 
united  like  the  first  to  the  auditory  capsule:  but  the  proximal  part  of 
this  arch  would  appear  also  to  have  the  incus  formed  in  it,  and  to 
be  connected  with  the  stapes  and  stapedius  muscle. 

The  third  arch  is  the  thyro-hyoid,  and  is  related  to  the  formation  of 
the  lower  or  great  cornua,  and  the  body  of  the  hyoid  bone.  It  corre- 
sponds with  the  first  true  branchial  arch  of  amphibia  and  fishes,  in 
which  animals  the  clefts  and  bars  behind  this  arch  become  more 
numerous  than  in  the  higher  vertebrata. 

The  fourth  arch,  which  has  no  special  name,  but  might  be  called  sub- 
hyoid or  cervical,  does  not  seem  to  form  the  basis  of  any  particular  organ, 
but  is  situated  exactly  at  that  part  of  the  body  which  becomes  elongated 
as  the  neck, — a part  which  may  be  considered  as  absent  in  the  foetus, 
and  the  formation  of  which  by  a simple  process  of  elongation  gives  rise 
to  some  peculiar  features  in  the  anatomy  of  the  parts  composing  it. 

Relations  of  Cranial  Nerves. — The  rudiments  of  four  cranial  nerves, 
besides  the  optic  and  auditory  afterwards  to  be  referred  to,  are  found  at 
a very  early  period  in  connection  with  the  plates  now  under  consideration, 
and  the  following  is  the  relation  in  which,  according  to  Parker,  they 
stand  to  these  plates  in  all  vertebrate  animals.  These  nerves  are  the 
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fifth  pair  or  trigeminus,  the  facial,  the  glosso-pharyngeal,  and  the 
pneumo-gastric.  The  two  first  are  situated  in  front,  and  the  two  latter 
behind  the  auditory  sac.  These  nerves  all  divide  or  fork  above,  a 
visceral  cleft,  one  division  going  to  the  posterior  face  of  the  arch  in 
front  of  the  cleft,  the  other  to  the  anterior  face  of  the  arch  behind  it. 


Fig.  540. 


Fig.  540. — Embryo  op  the  Chick  at  the  end  op  the  Fourth  Day  (from  Foster  and 

Balfour). 

The  amnion  lias  been  removed  ; Al,  allantois ; CII,  cerebral  hemispheres  ; FB, 
thalamencephalon,  with  Pn,  the  pineal  gland  projecting  from  its  summit;  MB,  mid- 
brain ; Cb,  cerebellum  ; IV,  V,  fourth  ventricle  ; L,  lens ; chs,  choroid  slit ; Can  V, 
auditory  vesicle  ; sm,  superior  maxillary  process  ; IF,  2 F,  &c.,  first,  second,  third  and 
fourth  visceral  folds  ; V,  fifth  nerve  in  two  divisions,  one  to  the  eye,  and  the  other  to 
the  first  visceral  arch  ; VII,  seventh  nerve  passing  to  the  second  visceral  arch  ; Gph, 
glosso-pharyngeal  nerve  passing  to  the  third  visceral  arch  ; Pg,  pneumo-gastric  nerve 
passing  to  the  fourth  arch;  IV,  investing  mass  ; ch,  notochord;  lit,  the  heart ; M P, 
muscle  plates  ; W,  wing  ; HL,  hind  limb. 

The  orbito-nasal  and  the  palatine  divisions  of  the  trigeminus  belong 
to  the  trabecular  arch,  the  former  above,  the  latter  below  the  optic 
nerve.  Of  the  other  division,  one  part  (the  superior  maxillary  nerve) 
follows  the  palato-pterygoid  arch,  the  other  (inferior  maxillary  nerve) 
accompanies  the  mandibular  arch. 

The  facial  nerve  (portio  dura  of  seventh  pair)  divides  above  the 
tympano-eustachian  passage,  its  anterior  part  (chorda  tympani)  going 
to  the  posterior  side  of  the  mandibular  arch,  and  its  posterior  part 
(descending  branch  of  facial)  to  the  outer  or  anterior  side  of  the  hyoid 
arch. 

The  glosso-pharyngeal  nerve,  by  a similar  division,  goes  by  its  inner 
or  anterior  branch  (lingual)  to  the  inner  or  posterior  side  of  the  hyoid 
arch,  and  by  its  other  division  (pharyngeal)  to  the  front  of  the  first 
branchial  or  thyro-hyoid  arch. 
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. w-  higher  animals  the  pneumo-gastric  nerve  shows  no  close 
relation  to  the  clefts,  but  in  branchiate  vertebrates  it  is  continued  past 

“8 10  the  giH 


3. 


ORIGIN  AND  FORMATION  OF  THE  LIMBS. 

T!le  °lo®e  connection  of  the  limb-arches  with  certain  vertebral  seg- 
ments ot  the  trunk  has  been  previously  referred  to  in  the  morpholo- 
gmai  remarks,  given  under  the  description  of  the  bones  and  muscles 
tiie  fP  volume  ; and  although  the  vertebral  homology  of  the  parts 
ot  the  limb  proper  is  not  so  apparent,  at  least  in  the  proximal  seg- 
ments, yet  m the  quinquifid  division  of  the  more  remote  parts,  in  the 
preaxial  and  postaxial  arrangement  of  these  divisions,  and  in  their 
relation  to  the  nerves  and  some  other  circumstances,  we  can  scarcely  fail  to 
peiceive  some  very  near  relationship  between  the  structure  of  the  limb 
as  a whole,  and  a certain  number  of  the  vertebral  segments  of  the  trunk. 


Fig.  541. 


Fig.  541. — Human  Embryo  op  about 
four  weeks  (from  Kolliker,  after  A. 
Thomson),  f 

f,  the  anterior  limb  rising  as  a semi- 
circular plate  from  the  lateral  ridge. 
(The  figure  is  elsewhere  described.) 

The  limbs  do  not  exist  from 
the  earliest  time  of  the  forma- 
tion of  the  cranio-vertebral  part 
of  the  trunk,  but  only  begin  to 
be  formed  when  the  development 
of  the  axial  part  of  the  body  has 
made  some  advance,  as  in  the  first  half  of  the  fourth  day  of  incubation 
in  the  chick,  and  at  the  commencement  of  the  fourth  week  in  the 
human  embryo. 

They  first  make  their  appearance  as  two  pairs  of  buds  from  the  side 
of  the  vertebral  part  of  the  trunk,  in  the  form  of  flattish  lateral  elevations 
with  curved  free  margins  projecting  from  the  exterior  of  the  body, 
outside  the  thickened  ridge  (sometimes  called  the  Wolffian  ridge ) where 
the  division  of  the  mesoblast  into  somatopleure  and  splanchnopleure 
take  place,  and  near  the  outer  margins  of  the  muscular  plates.  The 
anterior  pair  of  limbs  appears  earlier  than  the  posterior,  and  for  a long 
time  is  always  more  advanced  in  the  development  of  its  parts. 

The  place  of  formation  of  the  anterior  and  posterior  limbs  does  not 
vary  to  any  great  extent  throughout  the  vertebrate  animals, — and  this 
fact  may  be  looked  upon  as  one  of  the  most  marked  features  of 
vertebrate  organisation. 

The  thickened  plate  which  forms  the  commencing  limb,  by  its  in- 
creased growth,  projects  still  more  from  the  side,  so  as  to  take  the 
form  of  a flattened  lappet  with  a semicircular  free  margin  ; presenting 
then  two  surfaces  which  may  be  named  dorsal  and  ventral  with  refer- 
ence to  their  correspondence  to  the  like  surfaces  of  the  trunk,  constituting 
respectively  the  primitive  extensor  and  flexor  surfaces  of  the  limb  ; 
while  the  anterior  margin  of  the  semicircular  lappet  corresponds  to 
the  preaxial  and  the  posterior  margin  to  the  postaxial  borders  of  the 
future  limbs. 
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The  whole  thickness  of  the  somatopleure  division  of  the  mesoblast  is 
involved  in  this  primary  limb-bud,  and  it  is  of  course  also  covered 
with  the  epiblast  or  cuticular  layer,  in  the  substance  of  which  there 
is  considerable  increase  of  thickness  at  the  most  prominent  part  of  the 
margin. 

As  the  limb-buds  increase  in  size,  the  lateral  limb-plate,  or  Wolffian 
ridge,  which  is  at  first  very  prominent  in  its  whole  length,  becomes 
less,  and  gradually  flattens  down  into  the  more  even  surface  of  the  wall 
of  the  trunk. 

The  part  of  the  limb  which  appears  first,  corresponds  more  imme- 
diately with  the  hand  or  foot  than  with  the  other  divisions  of  the  limb. 
Along  with  this,  however,  at  a very  early  period  there  is  an  indication 
of  the  formation  of  the  limb-girdles  as  folds  passing  off  from  the  side 


Fig.  542.  — Diagrammatic 
Outline  of  the  Profile 
view  of  the  Human  Em- 
bryo OF  ABOUT  SEVEN 
WEEKS,  TO  SHOW  THE  PRIMI- 
TIVE RELATIONS  OF  THE 

Limbs  to  the  Trunk. 
(Allen  Thomson.)  ?- 

r,  the  radial  (preaxial), 
and  u,  the  ulnar  (postaxial) 
border  of  the  hand  and  fore- 
arm ; t,  the  tibial  (preaxial), 
and  /,  the  fibular  (postaxial) 
border  of  the  foot  and  lower 
leg.  (The  foot  is  represented 
at  a somewhat  more  advanced 


Fig.  542. 


stage  than  the  rest  of  the  embryo). 


of  the  trunk.  As  the  projection  of  the  limb  increases  from  the  side  of 
the  body,  the  distal  or  terminal  segment  becomes  slightly  notched  off 
from  the  part  next  the  trunk.  This  terminal  part,  forming  nearly 
three-fourths  of  a somewhat  circular  flattened  plate,  contains  the  rudi- 
ments of.  the  hand  or  foot.  The  next  change  which  takes  place  is 
in  the  division  of  the  proximal  part,  or  rather  the  preaxial  border 
and  ventral  surface,  by  a notch  which  separates  the  fore-arm  and 
lower  leg  from  the  upper  arm  and  thigh  at  the  elbow  and  knee  joint 
respectively.  In  the  third  stage  the  notched  division  of  the  free  lateral 
curved  margin,  with  intermediate  slightly  tubercular  projections  of  the 
substance,  shows  the  commencement  of  digital  development,  in  which  it 
soon  becomes  apparent  that  the  pollex  and  hallux  occupy  the  preaxial 
position  m their  respective  limbs,  and  are  followed  by  the  series  of 

0 ler  fingers  to  the  fifth,  which  is  placed  on  the  postaxial  border. 
From  these  it  is  easy  to  trace,  by  reference  to  the  simple  original  posi- 
tion ot  the  limbs,  the  preaxial  position  afterwards  held  by  the  radius  in 

te  one  and  the  tibia  in  the  other,  and  the  postaxial  position  of  the  ulna 

01  i ju  a.  In  the  meantime  the  internal  differentiation  of  texture  takes 

7 ™ 1?  brought  out  the  more  complete  distinction  of  the 
S ° T:1!  | 8 0 1C  11TL  ,S’  anc^  the  various  component  parts  of  each,  which 
y aPpear  m the  cartilages  for  the  bones,  muscular  plates 
n f,  cc  10111  general  muscular  sheath  of  the  trunk,  prolongation 
i°  cu  ?T1C0lls  Wer  _tfie  integument,  the  formation  of  nerves, 
-vessels,  &c.,  the  consideration  of  all  which  belongs  to  the  history 
of  more  advanced  development. 
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In  order  also  to  complete  the  history  of  the  formation  of  the  limbs, 
it  is  necessary  to  take  account  of  the  changes  of  attitude  the  anterior 
and  posterior  respectively  undergo,  as  compared  with  the  primary  em- 
bryonic position.  In  this  the  elbow  comes  first  to  be  turned  outwards 
and  then  directed  backwards,  bringing  the  flexor  surface  of  the  upper 
arm  forwards,  while  the  position  of  the  flexor  surface  of  the  fore-arm 
and  hand,  though  generally  and  naturally  inwards,  may,  by  supination, 
be  brought  forwards,  and  by  pronation  backwards,  the  latter  being  the 
permanent  position  given  to  the  manus  inmost  animals.  In  the  hinder 
limb,  again,  the  thigh  is  turned  inwards,  so  that  in  the  higher  animals 
the  flexor  surface  looks  backwards,  and  in  all  animals  the  lower 
division  of  the  limb  is  turned  inwards  and  the  sole  of  the  foot  down- 
wards, so  that  the  extensor  surface  and  dorsum  look  forwards.  (See  vol.  i., 

p.  122.) 

4.  DEVELOPMENT  .OF  THE  MUSCLES. 

The  muscles  of  the  trunk  derive  their  origin  from  the  muscular 
plates  previously  referred  to  as  being  separated  by  differentiation  of  the 


Fig.  543. 


pic.  543. Section  through  the  Lumbar  Region  of  an  Embryo-Chick  of  Four 

Days  (Horn  Foster  and  Balfour). 

nc  neural  canal  ; pr,  posterior  root  and  ganglion  of  a spinal  nerve  ; ar,  anterior  root ; 
mp  muscle-plate;  ch,  notochord  ; WR,  Wolffian  ridge;  AO,  aorta;  Vca,  cardinal 
vein  ; Wd  Wolffian  duct ; Wb,  Wolffian  body  with  glomeruli ; gc,  germinal  epithelium  ; 
Mel,  depression  forming  the  commencement  of  the  Mullerian  duct ; d,  alimentary  canal ; 
M,  ’ mesentery  ; SO,  somatopleure  ; SP,  splanchnopleure  ; V,  blood-vessels  ; TP, 
pleuro -peritoneal  space. 
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formative  cells  in  the  outer  or  superficial  part  of  the  protovertebral 
masses.  Some  difference  of  opinion  exists,  however,  among  embryolo- 
gists, as  to  how  far  the  hypaxial  (byposkeletal  of  Huxley)  as  well  as 
the  epaxial  muscles,  proceed  from  this  source  alone,  or  whether  only 
the  latter  are  traceable  to  the  muscular  plate  formed  by  the  proto- 
vertebral differentiation,  and  the  hypaxial  may  be  supposed  to  proceed 

from  a deeper  source.  . 

Recent  observations  seem  to  show  that  a downward  extension  ot  the 
mesoblast  from  the  proto  vertebrae  may  also  give  rise  to  the  hypaxial 
muscles 

Being  developed  from  the  segmented  protovertebral  elements,  the 
muscular  plate  shows  at  first  the  same  division  into  segments,  which 
are  separated  for  a time  by  intermuscular  septa  (myotomes)  as.  occurs 
during  life  in  a considerable  number  of  them  in  fishes  and  amphibia. 

The  formation  of  the  longer  muscles  of  the  trunk  proceeds  from  the 
disappearance  of  the  septa,  and  the  longitudinal  union  of  the  fasciculi 
of  successive  myotomes.  In  the  trunk  the  direction  of  these  remains 
for  the  most  part  chiefly  longitudinal,  but  those  connected  with  the 
limb-girdles  change  their  direction  with  the  development  of  the  limb. 

The  formation  of  the  muscles  of  the  limbs  themselves  has  not  been 
traced  in  detail.  The  greater  number  of  these  muscles  appear  rather 
to  arise  independently  in  the  blastodermic  tissue  of  the  limb-bud,  than 
to  be  prolonged  from  the  sheets  of  trunk-muscles  (Kolliker). 

The  facial  muscles  and  the  platysma,  belong  to  the  subcutaneous 
system,  and  are  developed  along  with  the  skin. 

The  diaphragm  is  at  first  wanting.  It  arises  soon  after  the  forma- 
tion of  the  lungs,  from  two  parts  which  spring  from  above  and  the 
sides,  and  which  divide  the  pleural  and  peritoneal  cavities,  which  were 
previously  in  one,  from  each  other. 

The  muscles  begin  to  be  formed  in  the  human  embryo  in  the  sixth 
and  seventh  week. 

Formation  of  the  Joints. — With  regard  to  the  formation  of  the 
joints,  very  little  is  known.  It  would  appear  that  the  cavities  of  the 
synovial  joints  are  not  yet  formed  at  the  time  when  chondrification 
has  taken  place  in  the  matrix  of  the  bones.  It  is  therefore  by  a 
secondary  process  of  solution  of  continuity  that  these  cavities  are  pro- 
duced. The  articular  cartilages  remain  as  the  coverings  of  the  opposed 
surfaces  of  the  bones,  and  the  various  ligamentous  and  other  parts 
belonging  to  the  joints  arise  by  processes  of  textural  differentiation 
■which  it  is  unnecessary  to  particularise  here. 

Distinction  of  Bones  according'  to  their  Cartilaginous  or  Membranous 
Origin.  There  is  here  appended  for  the  assistance  of  the  reader  a note  of  the 
distinction  as  regards  their  origin  from  cartilage  or  fibrous  membrane  of  the 
several  permanent  bones  of  the  skeleton. 

1.  Bones  arising  from  Cartilage:— 

a,  In  the  Head. 

Basi-occipital,  ex-occipital,  and  part  of  the  supra-occipital  or  squama  occipitis. 
e u hole  sphenoid  except  the  cornua  sphenoidalia. 

The  petro-mastoid  or  periotic  portion  of  the  temporal  bone. 

the  mes-ethmoid  and  ethmo-turbinal. 

The  pterygo-palatine. 

The  malleus  (quadrate  of  animals)  with  Meckel’s  cartilage. 

Ihe  incus  and  stapes,  with  the  stvlo-hvoid 

The  thyro-hyoid.  3 ' 
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b.  In  the  Trunk. 

The  bodies,  arches,  and  processes  of  the  vertebras. 

The  ribs  and  sternum. 

c.  In  the  lim  bs. 

The  scapula  and  coracoid.  The  clavicle  in  part,  and  all  the  other  bones  of  the 
upper  limbs  (excepting  sesamoid). 

The  ilium,  ischium,  and  pubis,  and  all  the  other  bones  of  the  lower  limbs, 
including  the  patella,  but  excepting  sesamoid  of  toe. 

2.  Bones  arising  from  Fibrous  Membrane : — 

a.  In  the  Head. 

Part  of  the  squama  occipitis. 

The  frontal. 

The  parietal. 

The  squamo-zygomatic  and  tympanic  of  the  temporal. 

The  nasal  and  lachrymal. 

The  maxillaries  and  pre-maxillaries. 

The  vomer  and  cornua  sphenoidalia. 

The  inferior  or  maxillo-turbinal. 

The  malar  or  jugal. 

The  inferior  maxillary  or  mandibular. 

b.  In  the  Trunk.  None. 

c.  In  the  Limbs. 

The  clavicle  in  part. 

(The  marsupial  bone  of  animals.) 

The  smaller  sesamoid  bones  of  tendons. 

DEVELOPMENT  OF  THE  NERVOUS  SYSTEM. 

The  Cerebro-spinal  Centre. — From  what  has  been  previously 
stated  it  will  have  been  seen  that  the  rudiment  of  the  cerebro-spinal 


Fig.  544.  Fig.  545. 


Fig.  544. — Embryo  op  the  Doa  seen  from  above,  with  a portion  of  the 
Blastoderm  attached  (from  Bischoff). 

The  medullary  canal,  not  yet  closed,  shows  at  tlic  cephalic  extremity  a partial 
division  into  the  three  primary  cerebral  vesicles  ; and  at  the  posterior  extremity  a 
rhomboidal  enlargement.  Six  proto-vertebral  divisions  are  visible  ; so,  the  upper  division 
of  the  blastoderm,  sp,  the  lower  division. 
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Pig.  545.—  Embryo  op  the  Dog  more  advanced,  seen  prom  above  (after  Bisclioff ). 

The  medullary  canal  is  now  closed  in  ; c,  the  anterior  encephalic  vesicle  ; o,  the  primi- 
tive optic  vesicle  in  communication  with  the  anterior  encephalic  ; ciu,  the  primitive 
auditory  vesicle  opposite  the  third  encephalic  vesicle  ; am,  the  cephalic  fold  of  the  amnion 
enclosing  the  anterior  third  of  the  embryo  ; ov,  the  omphalo -mesenteric  vein  entering  the 
heart  posteriorly  ; pv,  the  proto -vertebral  divisions,  now  become  numerous. 

nervous  centre  is  formed  more  immediately  from  the  thickened  medul- 
lary plates  of  the  involuted  epiblast,  the  ridges  of  which,  rising  from 
the  surface  of  the  blastoderm,  become  united  dorsally  along  the  middle 
line  into  a hollow  medullary  tube  of  a cylindrical  form.  This  tube 
becomes  dilated  at  its  anterior  or  cephalic  extremity,  and  this  dilated 
portion  becomes  divided  by  two  partial  constrictions  into  the  three 
primary  cerebral  or  encephalic  vesicles,  which,  as  representing,  funda- 
mental portions  of  the  brain,  have  been  termed  the  fore-brain,  mid-brain 
and  hind-brain.  The  spinal  portion  retains  its  more  uniform  cylindrical 
shape,  excepting  towards  the  caudal  extremity,  where  it  is  longer  of 

Fig.  546. — Transverse  Sec- 
tion THROUGH  THE  Em- 
BRYO  OP  THE  CHICK,  AND 

Blastoderm  at  the  end 
of  the  First  Day.  Mag- 
nified from  90  to  100 
times  (from  Kolliker). 

li,  epiblast ; clcl,  hypoblast  ; 
sp,  mesoblast  ; Pv,  medullary 
groove  ; m,  medullary  plates ; 
cli,  chorda  dorsalis  ; uwp,  proto -vertebral  plate  ; uivli,  commencement  of  division  of 
mesoblast  into  its  upper  and  lower  laminae ; between  Rf  and  h the  dorsal  laminae  or 
ridges  which  by  their  approximation  close  in  the  medullary  canal. 


closing,  and  forms  for  a time  a flat  open  rhomboidal  dilatation.  The 
continuous  cavity  enclosed  within  the  primitive  medullary  tube  is  the 
same  with  that  which,  variously  modified,  afterwards  constitutes  the 
central  ventricles  of  the  brain  and  canal  of  the  spinal  cord. 

The  formative  cells  composing  the  medullary  substance  are  at  first 
spherical,  but  they  afterwards  become  elongated  and  spindle- shape d, 
and  increase  rapidly  by  multiplication.  They  represent  at  first  the 

Fig.  547. 


Fig.  j47.  Transverse  Section  op  the  Embryo  Chick  on  the  Second  Day.  Mag- 
nified from  90  to  100  times  (from  Kolliker). 

The  explanation  of  the  letters  is  in  part  the  same  as  in  the  foregoing  figure,  mr,  the 
medullary  tube  now  closed  along  the  dorsal  line  and  covered  in  by  continuous  epiblast ; 
nw  i,  mllow  of  the  proto-vertebral  mass;  mp,  mesoblast  external  to  the  protovertebrm 
dividing  into  hpl,  somatopleure,  and  df,  splanchnopleure ; act,  one  of  the  primitive 
aortas  ; ung,  intermediate  mass  connected  with  the  origin  of  the  Wolffian  body. 
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grey  substance,  or  the  nerve-cells  and  non-medullated  fibres.  The 
cylindrical  cells  which,  from  the  first,  line  the  whole  canal,  remain  per- 
manently in  the  part  of  it  which  forms  the  central  canal  of  the  spinal 
marrow,  and  frequently  present  the  ciliated  structure. 

THE  SPINAL  MARROW. 

The  internal  grey  substance  of  the  spinal  marrow  is  first  formed  ; 
the  white  substance  is  produced  later  on  the  exterior.  The  sides 
acquire  considerable  increased  thickness,  while  the  dorsal  and  ventral 
parts  remain  comparatively  thin,  so  that  the  cavity  assumes  the  appear- 
ance in  section  of  a slit,  which  becomes  gradually  narrower  as  the 
lateral  thickening  increases  ; and  at  last  the  opposite  surfaces  uniting 
in  the  middle  divide  the  primary  central  canal  into  an  anterior  or  lower 
and  posterior  or  upper  part  (see  figs.  547  and  548). 

The  lower  of  these  divisions  becomes  the  permanent  central  canal, 
the  upper  or  dorsal  is  afterwards  so  far  obliterated  that  it  is  filled  with 
a septum  of  connective  tissue  belonging  to  the  pia  mater,  and  becomes 
the  posterior  fissure  of  the  cord  (in  human  anatomy).  (Lockhart 
Clarke,  Phil.  Trans.  1862.) 

In  birds  and  mammals  there  is  no  distinction  to  be  seen  at  first  be- 
tween the  outer  or  corneous  layer  of  the  involuted  epiblast  and  the  cells 
which  by  their  increase  more  immediately  constitute  the  medullary 
plates.  In  batrachia,  however,  the  dark  colour  of  the  corneous  layer 
shows  it  to  be  distinct  from  the  more  strictly  nervous  layers.  In  osseous 
fishes  there  is  no  medullary  groove  or  canal  at  first,  but  an  involution 
of  a solid  column  of  cells,  which  is  subsequently  hollowed  out  for  the 
formation  of  a ventricular  cavity. 

The  masses  of  grey  matter  first  formed  in  the  spinal  marrow  corre- 
spond chiefly  to  the  anterior  columns ; these  are  succeeded  by  lateral 
masses  or  columns,  and  somewhat  later  by  small  posterior  columns. 
There  are  at  first  no  commissures  except  by  the  passage  of  the  deepest 


Fig.  548. — Transverse  Section  of  the  Cervical 
Part  of  the  Spinal  Cord  of  a Human  Embryo  of 
Six  Weeks  (from  Kolliker). 

This  and  the  following  figure  are  only  sketched,  the 
white  matter  and  a part  of  the  grey  not  being  shaded 
in.  c,  central  canal  ; e,  its  epithelial  lining,  at  e 
(interiorly),  the  part  which  becomes  the  anterior 
commissure  ; at  e'  (superiorly),  the  original  place 
of  closure  of  the  canal ; a,  the  white  substance  of 
the  anterior  columns,  beginning  to  be  separated  from 
the  grey  matter  of  the  interior,  and  extending  round 
into  the  lateral  column,  where  it  is  crossed  by  the 
line  from  (j,  which  points  to  the  grey  substance  ; p, 
posterior  column  ; ar,  anterior  roots  ; pr,  posterior 
roots. 


layer  of  cells  across  the  middle  line,  but  the  fibres  from  the  roots  of  the 
nerves  when  formed  are  traceable  into  the  grey  substance  of  then- 
respective  anterior  and  posterior  columns.  f f t] 

The  white  substance  is  formed  external  to  or  on  the  surface  oi  tlie 
deeper  grey  substance ; but  it  is  not  yet  determined  whether  it  is 
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developed  out  of  the  cells  composing  the  grey  matter  or  from  separate 
blastema  to  which  the  mesoblast  may  in  part  contribute.  It  is 
combined  with  connective  tissue  elements,  and  its  structure  is  different 
-from  that  of  the  grey  substance,  which  is  undoubtedly  produced  by 
multiplication  and  differentiation  of  the  involuted  epiblastic  cells. 


Fig.  549. 


Fig.  549.— Transverse  Section  of  Hale 
the  Cartilaginous  Vertebral  Column 
and  the  Spinal  Cord  in  the  Cervical 
Part  of  a Human  Embryo  of  from 
nine  to  ten  meeks  (from  Kolliker)  — 

e,  central  canal  lined  with  epithelium  ; 
«,  anterior  column  ; p,  posterior  column  ; 
p',  band  of  Goll ; g,  ganglion  of  the 
posterior  root ; p r,  posterior  root ; a r, 
anterior  root  passing  over  the  ganglion  ; 
d to,  dura-matral  sheath,  omitted  near  p r, 
to  show  the  posterior  roots  ; b,  body  of 
the  vertebra  ; ch,  chorda  dorsalis  ; n a, 
neural  arch  of  the  vertebra. 


On  the  fifth  and  sixth  days  in 
the  chick,  according  to  Foster 
and  Balfour,  the  white  columns 
increase  rapidly  in  size,  and  the 
anterior  median  fissure  begins  to 
be  formed  between  the  anterior 
columns  by  their  swelling  out- 
wards and  leaving  its  interval 

between  them.  It  is  at  first  wide  and  shallow,  and  soon  receives  a 
lining  of  vasculai  connective  tissue  or  pia  mater.  The  commissures 
are  now  also  formed ; the  anterior  grey  commissure  first,  then  the  pos- 
terior grey,  and  somewhat  later  the  anterior  white  commissure. 

In  the  fuithei  increase  of  the  anterior  and  lateral  white  columns  as 
they  thicken,  they  become  more  united  together  on  each  side,  so  that 
they  can  only  be  arbitrarily  distinguished ; the  fibres  of  the  roots  of 
the  nerves  are  traced  through  them  into  the  grey  matter  ; the  cornua 
?i  S1  eymattei  become  more  and  more  developed,  and  the  fissures  between 
the  white  columns  deepen,  while  the  connective  tissue  or  pia-matral 
septa  run  more  completely  inwards  through  the  white  substance. 

Angular  cells  with  radiating  processes  make  their  appearance  in  the 
grey  matter,  and  the  nerve-fibres  both  of  the  grey  and  white  matter 
become  more  distinct. 

GT1Jlrt^vi1!.nl *’iCal.Cells  libinS  the  centraI  canal  retain  their  distinctness, 
(lolienfp  Hsqnpinf1 Sfi  comP  ctely  separated  from  the  grey  matter  by  the 
S ™^0kth6,epen?yma-  Throughout  the  greater  part  of  the 

obliterated  to  form  the8  fissure  but^u  IbTf7  Pedu!lal'y  J*f ?°?  “ 

1 riow  the  whole  primary  medullary  cavity  remains. 

in  "the  cervionl  bas  been  found  by  Kolliker  already  in  the  form  of  a cylinder 

fr  Weeks  0ld'  U™ited  borders  been 

•perfect  closing  of  tbo  .lnt\ Week  towards  the  lower  end  of  the  cord,  the 

S unow  being  delayed  in  that  part,  which  is  slightly 
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enlarged,  and  presents  a longitudinal  median  slit,  analogous  to  the  rhomboidal 
sinus  in  birds. 

The  anterior  fissure  of  the  cord  is  developed  very  early,  and  contains  even  at 
first  a process  of  the  pia  mater. 


Fig.  550. — Transverse  Sec- 
tion of  Half  of  the 
Sfinal  Cord  of  the  Chick 
of  Seven  Days  (from  Fos- 
ter and  Balfour).  Magnified. 

pew,  posterior,  lew,  lateral, 
and  acio,  anterior  white 
columns  ; pc,  posterior  cornu 
of  grey  matter  with  small 
cells  ; ac,  anterior  grey  cornu 
with  large  cells ; ep,  epithelium 
of  the  canal  ; c,  the  upper 
part  now  open  and  filled  with 
tissue  in  the  posterior  fissure  ; 
spe,  the  lower  division  of  the 
primitive  medullary  cavity, 
which  remains  as  the  per- 
manent canal  ; af,  anterior 
fissure  left  between  the  pro- 
jecting anterior  columns  ; aye, 
anterior  grey  commissure. 


The  cervical  and  lumbar 
enlargements,  opposite  the 
attachments  of  the  brachial 
and  crural  nerves,  appear  at 
the  end  of  the  third  month  : 
in  these  situations  the  cen- 
tral canal,  at  that  time  not 
filled  up,  is  somewhat  larger  than  elsewhere  (see  figs.  556  and  558). 

At  first  the  cord  occupies  the  whole  length  of  the  vertebral  canal,  so  that  there 
is  no  cauda  equina.  In  the  fourth  month  the  vertebras  begin  to  grow  more 
rapidly  than  the  cord,  so  that  the  latter  seems  as  it  were  to  have  been  retracted 
within  the  canal,  and  the  elongation  of  the  roots  of  the  nerves  which  gives  rise 
to  the  cauda  equina  is  commenced.  At  the  ninth  month,  the  lower  end  of  the 
cord  is  opposite  the  third  lumbar  vertebra.  (Kolliker,  Entwickelungsgeschichte  ; 
Lockhart  Clark  in  the  Phil.  Trans.  1862;  Bidder  und  Kupfer,  Untersuch.  iib  d. 
Ruckenmark,  Leipz.,  1857.  Foster  and  Balfour,  Elements  of  Embryology.) 

Till  lately  it  was  believed  that  the  roots  and  ganglia  of  the  spinal 
nerves  are  at  first  distinct  from  the  medullary  substance  of  the  cord, 
and  that  they  originate  by  differentiation  of  cells  in  the  mesoblastic 
substance  of  the  protovertebral  plate.  But  recent  observations,  to  be 
more  particularly  referred  to  hereafter,  have  shown  that  they  arise  in 
part  at  least  in  close  connection  with  the  spinal  cord  itself. 

THE  BRAIN  OR  ENCEPHALON. 

1. General  phenomena  of . development  as  ascertained  in  birds  and 

mammals. — A reference  has  previously  been  made  to  the  simple  form  in 
which  the  brain  at  first  presents  itself  in  the  anterior  dilated  portion 
of  the  primitive  medullary  tube,  and  its  partial  division  into  the  three 
primary  cerebral  vesicles.  This  is  placed  within  simple  cranial  walls 
formed  by  the  cephalic  inflection  of  the  blastoderm,  without  face  or 
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any  other  parts  ; so  that  the  head  of  the  embryo  consists  at  first  of 
no  more  than  the  wider  part  of  the  medullary  tube  and  the  simple 
enclosing  wall. 

Fig.  551. 


Fig.  551.— Four  Views  op  the  Brain  of  an  Embryo-kitten  in  the  Stage  op  First 
Division  into  the  Five  Cerebral  Rudiments,  magnified  Three  Diameters  (from 
Reichert). 


A,  from  above  ; B,  from  the  side  ; C,  vertical  section  showing  the  interior  : D,  from 
below. 

1,  Cerebral  hemisphere,  prosencephalon  ; 2,  thalamencephalon  ; 3,  mesencephalon 
still  single  ; 4,  cerebellum,  epencephalon  ; 5,  myelencephalon,  medulla  oblongata  ; o 
optic  nerves  ; V,  fifth  pair  ; VIII,  eighth  pair  or  glossopharyngeal  and  pneumogastrie  ; 
z,  infundibulum  ; v,  v , general  ventricular  cavity,  opening  at  v,  into  the  lateral  ventricle 
by  the  foramen  of  Monro. 


In  the  base  of  this  wall,  it  will  be  remembered  that  the  notochord 
extends  foi  ward  beneath  the  posterior  and  middle  of  the  vesicles,  and 
occupies,  therefore,  the  part  of  the  cranium  corresponding-  to  the  occi- 
pito-sphenoidal  basis,  while  the  trabeculae  cranii,  developed  forwards 


Fig.  552. — Vertical  Sections  of  Embryonic 
Brains  in  two  Stages  op  Transition  from 
the  Rudimentary  Condition,  Magnified 
three  Diameters  (from  Reichert). 

A,  Brain  of  the  embryo  pig  in  commencing 
state  of  transition.  1,  Right  cerebral  hemi- 
sphere; 2,  thalamencephalon  and  position  of 
the  pineal  gland  ; 3,  midbrain,  with  a large 
cavity  ; /,  foramen  of  Monro  ; i,  infundibulum  ; 
4,  cerebellum  ; 5,  medulla  oblongata. 

B,  Brain  of  the  embryo  of  the  cat  more 
advanced,  c,  Cerebral  hemisphere  passing  back- 
wards so  as  to  cover  the  other  parts  in  succes- 
sion ; I,  olfactory  bulb  ; II,  optic  nerve  ; th, 
thalamus  opticus  ; /,  foramen  of  Monro  ; cc,  cor- 
pus callosum  ; p,  pineal  gland ; i,  infundibulum  ; 
cq,  corpora  quadrigemina,  not  yet  divided  ; 3, 
third  ventricle  ; cr,  crura  cerebri,  the  aque- 
duct of  Sylvius,  now  reduced  in  width  ; c,)  cere- 
bellum ; 4,  fourth  ventricle  ; pv,  Pons  Varolii ; 
7ii,  medulla  oblongata. 


Fig.  552. 


from  below  the  anterior  vesicle,  are  prolonged  in  the  anterior  or  spheno- 
ethmoidal part.  Ihe  latter  cerebral  rudiment,  therefore,  which  corre- 
sponds to  the  thalann  optici  and  third  ventricle,  and  which  may  with 
Huxley  be  conveniently  called  thalamencephalon,  is  at  first  the  foremost 
pait  of  the  brain,  and  the  region  of  the  pituitary  fossa  lying  below  it  is 
the  foremost  part  of  the  cranial  basis.  The  manner  in  which  the  deve- 
lopment of  the  trabecula;  and  other  elements  of  the  face  modifies  the 
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form  of  this  region  of  the  head  has  already  been  adverted  to,  and  need 
not  be  repeated  here. 

As  regards  the  earliest  phenomena  of  development  in  the  brain  itself, 
there  are  three  changes  which  mainly  tend  to  modify  its  form  in  the 
most  marked  degree,  viz.,  1st,  the  development  from  the  anterior  vesicle 
on  each  side  of  the  primitive  ocular  vesicle ; 2nd,  the  expansion  from 
another  part,  somewhat  later,  of  the  vesicles  of  the  cerebral  hemis- 
pheres; and  3rd,  the  formation  in  the  forepart  of  the  posterior  encephalic 
vesicle  of  a new  cerebral  rudiment  corresponding  to  the  cerebellum. 


Fig.  553. 

I.  2. 


Fig.  553. — Sketches  of  the  Primitive  Parts 

of  the  Human  Brain  (from  Kolliker). 

1,  2,  and  3 are  from  tlie  liuman  embryo  of 
about  seven  weeks.  1,  view  of  the  whole 
embryo  from  behind,  the  brain  and  spinal 
cord  exposed  ; 2,  the  posterior,  and  3,  the 
lateral  view  of  the  brain  removed  from  the 
body;  h,  the  cerebral  hemisphere  (prosen- 
cephalon) ; i,  the  tlialamencephalon  ; i',  the 
infundibulum  at  the  lower  part  of  the  same  ; 
to,  the  middle  primary  vesicle  (mesen- 
cephalon) ; c,  the  cerebellum  (epencephalon)  ; 
to  o,  the  medulla  oblongata.  Figure  3 shows 
also  the  several  curves  which  take  place  in 
the  development  of  the  parts  from  the  primi- 
tive medullary  tube.  In  4,  a lateral  view  is 
given  of  the  brain  of  a human  embryo  of 
three  months  : the  enlargement  of  the  cerebral 


hemisphere  has  covered  in  the  optic  thalami,  leaving  the  tubercula  quadrigemma,  m, 
apparent. 


The  formation  of  the  primitive  ocular  vesicles,  by  an  evolution  of  the 
lateral  wall  of  the  primitive  medullary  tube,  gives  to  the  first  vesicle  and 
the  adiacent  part  of  the  head  a much  greater  lateral  width  ; but  the 
cranial  wall,  though  pushed  out  by  the  enlarging-  ocular  vesicles,  does 
not  follow  closely  the  inflection  of  their  surfaces.  As  the  subse- 
quent contraction  of  the  stalk  of  the  ocular  vesicles  progresses  these 
vesicles  are  thrown  more  backwards  and  downwards  by  the  change 

neThis  is  the  evolution  or  expansion  of  the  wall  of  the  anterior  ence- 
nhalic  vesicle  into  the  two  cerebral  hemispheres,  which  takes  place  m 
front  and  at  each  side,  so  that  the  vesicles  of  the night  and  left dieims- 
nheres  are  from  the  first  separate  and  distinct.  As  these  vesicles 
become  dilated,  the  cranial  wall  undergoes  a corresponding  expansion 
in  the  forepart  of  the  head,  and  the  vesicle  of  the  tlialamencephalon, 
which  was  at  first  the  foremost  part  of  the  . embryo-head,  is  thrown 
downwards  and  backwards  into  a deeper  position.  _ . , ,, 

The  middle  encephalic  vesicle,  increasing  greatly  m size,  takes  the 
most  urominent  part  of  the  head  superiorly,  both  from  its  own  greatei 
Sive  ma^ltiule,  and.  from  the  sudden  bend  which  the  head  now 
, -i  iini nw  this  vesicle  in  the  great  cranial  curvatuie. 

The  formation  of  the  cerebellum  begins  by  a thickening  intoff 
i infmmi  w ulls  of  the  part  of  the  posterior  primitive  vesicle  which  is 
^ext  tftt  m dteain,  «!d  is  accoJpanM  by  a deep  inflection  of  he 
medullary  tube  betw cen  it  and  the  remaining  part  of  the  vesrele  winch 
forms  the  medulla  oblongata. 
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There  arc  thus  distinguished  the  rudiments  of  five  fundamental 
constituents  of  the  brain,  under  which  it  will  be  found  convenient  to 
bring  the  notice  of  the  development  of  the  several  parts  forming  the 
full  grown  organ,  and  which  may  in  this  association  be  shortly  enume- 
rated as  follows,  viz.  : — 

1.  The  cerebral  hemispheres,  with  their  ventricular  hollows  or  lateral 
ventricles,  the  corpora  striata,  and  the  olfactory  lobes, — a set  of  parts 
to  which,  as  a whole,  the  name  of  procerebrum  or  prosencephalon  may  be 
given. 


Fig.  554. — Sketches  op  the  early  form 

OP  THE  PARTS  OP  THE  CEREBROSPINAL 

Axis  in  the  Human  Embryo  (after 

Tiedemann). 

A,  at  tlie  seventh  week,  lateral  view  ; 

1,  spinal  cord  ; 2,  medulla  oblongata  ; 3, 
•cerebellum  ; 4,  mesencephalon  ; 5,  6,  7, 
cerebrum.  B,  at  the  ninth  week,  pos- 
terior view ; 1,  medulla  oblongata ; 2, 
cerebellum  ; 3,  mesencephalon  ; 4,  5,  tha- 
lami  optici  and  cerebral  hemispheres. 
C and  D,  lateral  and  posterior  views  of 
the  brain  of  the  human  embryo  at  twelve 
weeks,  a,  cerebrum ; b,  corpora  quadri- 
gemina ; c,  cerebellum  ; cl,  medulla  ob- 
longata ; the  thalami  are  now  covered  by 
the  enlarged  hemispheres.  E,  posterior 
view  of  the  same  brain  dissected  to  show 
the  deeper  parts.  1,  medulla  oblongata  ; 

2,  cerebellum  ; 3,  corpora  quadrigemina  ; 
4,  thalami  optici ; 5,  the  hemisphere  turned 
•aside  ; 6,  the  corpus  striatum  embedded 
in  the  hemisphere  ; 7,  the  commencement 
-of  the  corpus  callosum.  F,  the  inner  side 
of  the  right  half  of  the  same  brain  sepa- 
rated by  a vertical  median  section,  show- 
ing the  central  or  ventricular  cavity.  1, 2, 
the  spinal  cord  and  medulla  oblongata, 
still  hollow  ; 3,  bend  at  which  the  pons 
Varolii  is  formed;  4,  cerebellum  ; 5,  lamina 
(superior  cerebellar  peduncles)  passing  up 
to  the  corpora  quadrigemina  ; 6,  crura 
cerebri  ; 7,  corpora  quadrigemina,  still 
hollo -v  ; S,  third  ventricle  ; 9,  infundibu- 
lum ; 10,  thalamus,  now  solid 
ventricle  ; 


Fig.  554. 


A a 


; 11,  optic  nerve  ; 
13,  commencing  corpus  callosum. 


12,  aperture  leading  into  the  lateral 


2.  The  lhalamenceplialon  with  its  cavity  or  third  ventricle,  the 
primary  ocular  pedicles,  and  the  infundibulum. 

'(•  tdic  mesencephalon,  which  is  the  same  with  the  original  middle 
vesicle,  and  comprises  the  corpora  quadrigemina  and  crura  cerebri  with 
its  contracted  internal  hollow,  the  iter  a tertio  ad  quartum  ventriculum 
of  human  anatomy. 

..  f-  1 he  next  part  in  succession  is  the  cerebellum , along  with  which 
is  included  the  pons  Varolii  and  the  fourth  ventricle. 

v;  -• he  mnder  part,  which  passes  into  the  spinal  marrow,  is  the 
medulla  oblongata,  with  the  continuation  of  the  medullary  cavity  in 
tee  fourth  ventricle  and  into  the  central  spinal  canal. 

in  these  five  fundamental  parts  or  rudiments  of  the  brain,  arising  out 
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of  very  simple  modifications  of  the  primitive  medullary  tube,  it  is  mainly 
by  an  increased  thickening  of  the  medullary  wall  in  some  of  the  parts, 
and  the  relative  thinning,  or  even  the  removal  of  the  substance  in 
others,  that  the  changes  accompanying  the  formation  of  the  cerebral 
masses  arc  effected,  while  as  a consequence  of  these  and  other  modifi- 
cations of  form,  the  several  parts  of  the  internal  cavity  or  ventricles  of 
the  brain  acquire  the  different  degrees  of  expansion  and  contraction,  or 
the  comparatively  closed  or  open  condition  which  they  exhibit  in  after 
life.  Thus  the  cerebral  hemispheres,  and  corpora  striata  are  the  main 
masses  formed  by  the  lateral  thickening  and  expansion  of  the  medullary 
walls  of  the  procerebrum,  while  the  corpus  callosum  and  fornix  are 
formed  later  by  a deeper  median  development  in  connection  with  these 
parts  : the  thalami  optici  are  the  most  solid  parts  of  the  lower  and 
lateral  region  of  the  second  rudiment,  while  in  the  upper  wall  the 
pineal  gland,  and  in  the  lower  the  infundibulum  with  the  hypophysis 
cerebri,  are  added  : the  corpora  quadrigemina  are  thickenings  of  the 
upper  wall  of  the  third  rudiment,  while  the  crura  cerebri  arise  by 
increased  deposit  in  its  lower  part ; the  cerebellum  is  a large  deposit 
in  the  upper  wall  of  the  fourth  rudiment,  while  the  pons  Varolii  is  a 
thickening  of  its  lower  wall ; and  the  parts  composing  the  medulla 
oblongata  are  principally  formed  by  increased  deposit  in  the  lower  and 
lateral  wall  of  the  fifth  rudiment. 

Thus,  also,  the  lateral  ventricles  are  two  lateral  expansions  of  the 
forepart  of  the  original  ventricular  cavity  which  follow  the  dilatation  of 
the  vesicles  of  the  right  and  left  cerebral  hemispheres,  and  communi- 
cate with  the  central  or  third  ventricle  by  the  common  foramen  of 
Monro.  The  central  or  third  ventricle,  originally  the  foremost  part  of 
the  medullary  hollow,  is  narrowed  on  the  sides  by  the  increased  develop- 
ment of  the  thalami  optici,  while  interiorly  it  is  prolonged  and  projects 
downwards  as  infundibulum  into  the  pituitary  fossa  ; and  above  the 
wall  of  this  ventricle  comes  to  be  opened  up  by  the  thinning  away  of 
its  medullary  substance,  excepting  at  the  place  where  it  is  crossed  by 
the  pineal  gland.  The  continuation  backwards  of  the  original  ventri- 
cular hollow,  greatly  narrowed  by  the  ultimate  thickening  of  the  sub- 
stance of  the  corpora  quadrigemina  and  crura  cerebri,  forms  the  aque- 


Fig.  555. 


Fig.  555. — Vertical  Section  of  thr  Brain  of  a 
Human  Embryo  of  fourteen  weeks,  Magnified 
three  Diameters  (from  Reichert). 

c,  cerebral  hemisphere  ; cc,  carpus  callosum  be- 
beginning  to  pass  back , f,  foramen  of  Monro  ; p, 
membrane  over  the  third  ventricle  and  the  pineal 
gland  ; th,  thalamus  opticus  ; 3,  third  ventricle  ; 
1,  olfactory  bulb  ; cq,  corpora  quadrigemina,  mesen- 
cephalon : cr,  crura  cerebri,  and  above  them  the 
aqueduct  of  Sylvius  still  wide ; c',  cerebellum,  and 
below  it  the  fourth  ventricle  ; pv,  Pons  Yarolii ; 
in,  medulla  oblongata. 


duct  of  Sylvius,  or  the  iter  a tertio  ad  quartum  ventriculum,  and  is 
succeeded  by  the  more  expanded  cavity  of  the  fourth  ventricle,  lying 
between  the  cerebellum  and  the  lower  wall.  The  upper  wall  of  the  latter 
cavity  undergoes  great  thinning,  like  that  of  the  third  ventricle,  so  as 
to  be  reduced  in  the  part  before  the  cerebellum  to  the  valve  of  Yieussens, 
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and  in  the  part  behind  it  to  be  covered  only  by  membrane,  and  to 
present  an  opening  from  the  cavity  into  the  posterior  sub-arachnoid 
space. 

From  what  has  before  been  said  of  the  relation  of  the  fundamental 
parts  of  the  brain  to  the  basis  of  the  skull,  it  will  be  seen  that  the 
cerebral  development  is  intimately  connected  also  with  the  great  cranial 
flexure  which  occurs  at  the  pituitary  fossa  ; for  while  the  infundibular 
prolongation  of  the  thalamencephalon  projects  down  into  this  fossa,  and 
the  lamina  terminalis  rises  in  front  in  the  position  of  the  original  fore- 
most part  of  the  encephalon,  certain  parts  of  the  brain  may  be  con- 
sidered as  situated  posterior  to  this  point,  viz.,  the  mesencephalon 
with  crura  cerebri,  cerebellum  with  pons  Yarolii,  and  medulla  oblongata, 
while  the  cerebral  hemispheres,  with  the  corpora  striata,  corpus  cal- 
losum, and  fornix,  notwithstanding  their  enormous  proportional  de- 
velopment, may  be  considered  as  formed  . by  forward  expansion,  and  as 
situated  in  front  of  this  turning  point.  But  though  the  connections  of 
the  cerebral  hemispheres  with  the  rest  of  the  brain  may  thus  be  con- 
sidered as  anterior  to  the  cranial  centre,  and  while  in  their  earlier  stages, 
and  still  of  small  size,  they  are  actually  placed  as  in  the  lowest  Verte- 
brates, entirely  in  front  of  it,  yet  by  the  later  great  proportional 
development  in  the  higher  animals,  and  especially  in  man,  the  cerebral 
hemispheres  come  to  progress  backwards,  and  successively  to  cover 
superiorly  the  thalami,  corpora  quadrigemina.  the  cerebellum,  and  the 
medulla  oblongata. 

The  connection  of  the  several  parts  of  the  brain,  with  the  five  funda- 
mental parts  respectively,  may  be  stated  in  the  following  tabular  form  : 


i. 


Anterior  primary  Vesicle, 


{ 


II.  Middle  primary  Vesicle, 


c Cerebral  Hemispheres,  Corpora  Striata, 

1.  Prosencephalon.*  -j  Corpus  Callosum,  Fornix,  Lateral  Ven- 

( tricles.  Olfactory  bulb  (Rhinencephalon). 

2.  Thalamencephalon.  f Thalami  Optiei,  Pineal  gland,  Pituitary  body, 
(Diencephalon.)  ( Third  Ventricle,  Optic  nerve  (primarily). 

3.  Mesencephalon  \ Corpora  Quadrigemina,  Crura  Cerebri,  Aque- 

l duct  of  Sylvius,  Optic  nerve  (secondarily). 


TTT  . ( 4.  Epencephalon. 

III.  Posterior  primary  Vesicle.  J 

1 3.  Metenceplialon. 


f Cerebellum,  Pons  Varolii,  anterior  part  of 
(.  the  Fourth  Ventricle. 

Medulla  Oblongata,  Fourth  Ventricle,  Au- 
ditory nerve. 


The  changes  which  take  place  in  the  growth  of  the  brain  were  first  elaborately 
described  by  Tiedemann  ; they  have  been  investigated  by  Yon  Baer,  Bischoff 
Reinak  Reichert,  Kolliker,  and  others.  (Tiedemann,  “ Anatomie  und  Bildungs- 
geschichte  des  Gehims,”  Nuremberg,  1816;  Reichert,  “ Bau  des  Menschlichen 
Uehims  Leipzig,  1859, 1861  ; F.  Schmidt,  “ Beitragez.  Entwick.  des  Gehims,”  in 
ei  sc  l.  . \\  issen.  Zool.,  ’ 1862  ; Kolliker,  “ Entwicklungsgeschichte,”  1861.) 


farther  development  of  the  brain  in  man  and  mammals. 

Tlio^on^n^rt^f  ^ blong-ata,  js  not  completely  closed  in  above  by  nervous  matter. 
wbthP^LP™f  fhe  rf  ullary  tube  constitutes  the  floor  of  the  fourth  ventricle . 
the  ml  nuns  6 °'V  canfd  °f  the  spinal  cord  at  the  place  where 

subarachnoid  space.01™8  18  eventually  formed>  aiid  opens  posteriorly  into  the 


division^ ol  the^jrimOTih^  “amf  as  To  \°  PrinciPal secondary 

fim  pi™.  i i •>  ulue>  and  as  corresponding  to  the  commonly  received 

(Wnbram),  mklbiun,  UndbrS,S  JSrin 
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The  three  constituent  parts  of  the  medulla  oblongata  begin  to  be  distinguished 
about  the  third  month  ; first  the  rcstiform  bodies,  which  are  connected  with  the 
commencing  cerebellum,  and  afterwards  the  anterior  pyramids  and  olives.  The 
anterior  pyramids  become  prominent  on  the  surface  and  distinctly  defined  in  the 
fifth  month  ; and  by  this  time  also  their  decussation  is  evident.  The  olivary 
fasciculi  are  early  distinguishable,  but  the  proper  olivary  body,  or  tubercle,  does 
not  appear  till  about  the  sixth  month.  The  fasciola;  cinereal  of  the  fourth 
ventricle  can  be  seen  at  the  fourth  or  fifth  month,  but  the  white  stria;  not  until 
after  birth. 

Cerebellum. — In  the  human  embryo  the  cerebellum  exists  at  the  end  of  the- 
second  month,  as  a delicate  medullary  lamina,  forming  an  arch  behind  the 
corpora  quadrigemina  across  the  widely  open  primitive  medullary  tube. 

According  to  Bischoff,  the  cerebellum  does  not  commence,  as  was  previously 
supposed,  by  two  lateral  plates  which  grow  up  and  meet  each  other  in  the  middle 
line  ; but  a continuous  deposit  of  nervous  substance  takes  place  across  this  part, 


Fig.  556.  Fig.  556. — Brain  and  Spinal  Cord  exposed  prom  behind  in 

a Fcetus  of  three  months  (from  Kolliker). 

h,  the  hemispheres ; to,  the  mesencephalic  vesicle  or  corpora 
1 quadrigemina,  c,  the  cerebellum  ; below  this  are  the  medulla 
oblongata,  to  o,  and  fourth  ventricle,  with  remains  of  the  mem- 
brana  obturatoria.  The  spinal  cord,  s,  extends  to  the  lower  end 
of  the  sacral  canal  and  presents  the  brachial  and  crural 
enlargements. 


of  the  medullary  tube,  and  closes  it  in  at  once.  This  layer 
of  nervous  matter,  which  is  soon  connected  with  the 
corpora  restiformia,  or  inferior  peduncles,  increases  gradu- 
ally up  to  the  fourth  month,  at  which  time  there  may  be 
seen  on  its  under  surface  the  commencing  corpus  dentatum. 
In  the  fifth  month  a division  into  five  lolcs  has  taken  place  ; 
at  the  sixth,  these  lobes  send  out  folia,  which  are  at  first 
simple,  but  afterwards  become  subdivided.  Moreover,  the 
hemispheres  of  the  cerebellum  are  now  relatively  larger 
than  its  median  portion,  or  worm.  In  the  seventh  month 
the  organ  is  more  complete,  and  th  q flocculus  and  posterior 
velum,  with  the  other  parts  of  the  inferior  vermiform 
process,  are  now  distinguishable,  except  the  amygdalae , 
which  are  later  in  then  appearance. 

Of  the  peduncles  of  the  cerebellum,  the  inferior  pair  (corpora  restiformia)  are 
the  first  seen — viz.,  about  the  third  month  ; the  middle  peduncles  are  perceptible 
in  the  fourth  month  ; and  at  the  fifth,  the  superior  peduncles  and  the  A leusseman 
valve.  The  pons  Varolii  is  formed,  as  it  were,  by  the  fibres  from  the  hemispheres 
of  the  cerebellum  embracing  the  pyramidal  and  olivary  fasciculi  of  the  medulla 
oblongata.  According  to  Baer,  the  bend  which  takes  place  at  this  part  of  the 
encephalon  thrusts  down  a mass  of  nervous  substance  before  any  fibres  can  be 
seen  • and  in  this  substance  transverse  fibres,  continuous  with  those  of  the 
cerebellum,  are  afterwards  developed.  From  its  relation  to  the  cerebellar  hemi- 
spheres the  pons  keeps  pace  with  them  in  its  growth  ; and  m conformity  with 
this  relation,  its  transverse  fibres  are  few,  or  entirely  wanting,  m those  animals 
in  which  there  is  a corresponding  deficiency  or  absence  of  the  lateral  parts  oi  the 

Part ^connected  with  the  Mesencephalon. -The  corpora  quadrigemina  are 
-fnrmprl  in  the  upper  part  of  the  middle  cephalic  vesicle:  the  hollow  in  the 
interior  of  which  communicates  with  those  of  the  first  and  thud  vesicles.  The 
corpora  quadrigemina,  in  the  early  condition  of  the  human  embryo,  are  of  great 
pr^ortionate  volume,’*  harmony  with  what  is  seen  in  the  lower  ' 
but  subsecmently  they  do  not  grow  so  fast  as  the  anterior  parts  of  the  e 
pMon S ore tWore  Boon  overlaid  by  the  cerebral  hemisphere,  winch 
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at  the  sixth  month  cover  them  in  completely.  Moreover,  they  become  gradually 
solid  by  the  deposition  of  matter  within  them  ; and  as,  in  the  meantime, 
the  cerebral  peduncles  are  increasing  rapidly  in  size  in  the  floor  of  this 

Fig.  557. — Brain  op  the  Human  Em- 
bryo OF  THREE  MONTHS.  NATURAL 
size  (from  Kolliker). 

In  1 the  view  is  from  above,  the 
upper  part  of  the  cerebral  hemispheres 
and  mesencephalon  having  been  re- 
moved. /,  fore-paid  of  the  divided 
wall  of  the  hemisphere  ; /',  hind  part 
of  the  same  turned  in  which  becomes 
the  hippocampus  ; cst,  corpus  striatum  ; 
tha,  thalamus  opticus. 

In  2 the  lower  surface  is  represented  ; 
to,  tractus  opticus  ; and  in  front  of 
this  the  olfactory  bulbs  and  tracts  ; c to,  single  mass  of  the  corpora  mammillaria  not  yet 
divided  ; p,  pons  Varolii.  The  cerebellum  and  medulla  cblongata  are  seen  behind  and 
to  the  sides  in  both  figures. 


Fig.  557. 


■•cm/ 


middle  cephalic  vesicle,  the  cavity  in  its  interior  is  quickly  filled  up,  with  the 
exception  of  the  narrow  passage  named  the  Sylvian  aqueduct.  The  fillet  is  dis- 


Fig.  55S. 


Fig.  558.— Brain  and  Spinal  Cord  of  a Fcetus  of  four 
months,  seen  from  behind  (from  Kolliker). 

h,  hemispheres  of  the  cerebrum  ; m,  corpora  quadrigemina 
or  mesencephalon  ; c,  cerebellum  ; to  o,  medulla  oblongata,  the 
fourth  ventricle  being  overlapped  by  the  cerebellum  ; s s,  the 
spinal  cord  with  its  brachial  and  crural  enlargements. 


tinguishable  in  the  fourth  month.  The  corpora  quad- 
rigemina of  the  two  sides  are  not  marked  off  from 
each  other  by  a vertical  median  groove  until  about  the 
sixth  month ; and  the  transverse  depression  separating 
the  anterior  and  posterior  pairs  is  first  seen  about  the 
seventh  month  of  intra-uterine  life. 

Thalamencephalon. — From  the  sides  of  this  vesicle, 
as  has  already  been  described,  the  optic  vesicles  are  formed, 
and  from  its  forepart  on  the  two  sides  the  vesicles  of 
the  cerebral  hemispheres  are  developed.  Reichert  first 
pointed  out  that  there  is  left  between  the  hemisphere- 
vesicles  of  opposite  sides  a wedge-shaped  interval,  which 
forms  the  third  ventricle.  He  points  out  that  the 
terminal  extremity  (lamina  tenninalis)  of  the  cerebro- 
spinal tube  is  at  the  tip  of  this  wedge,  and  is  placed  im- 
mediately in  front  of  the  optic  commissure,  at  the  lamina 
cinerea  ; and  that  therefore  the  infundibulum  is  not  that 
extremity , as.  had  been  previously  supposed  by  Baer,  but 
is  an  expansion  of  the  vesicle  downwards. 

The  formation  of  the  pituitary  body  has  already  been 
described.  The  infundibulum  of  the  thalamencephalon 

becomes  connected  with  it  superiorly,  and  seems  for  a time  even  to  form  a part 
of  it. 


Th & pineal  gland,  according  to  Baer,  is  developed  from  the  back  part  of  the 
thalami,  where  those  bodies  continue  joined  together  ; but  it  is  suggested  by 
Bischofi  that  its  development  may  be  rather  connected  with  the  pia  mater.  It 
v.  as  not  seen  by  Tiedemann  until  the  fourth  month  in  the  human  foetus  ; subse- 
quently its  growth  is  very  slow  ; and  it  at  first  contains  no  gritty  deposit : this, 
however,  was  found  by  Sommerring  at  birth. 
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The  two  optic  thalami,  formed  from  the  posterior  and  outer  part  of  the  anterior 
vesicle,  consist  at  first  of  a single  hollow  sac  of  nervous  matter,  the  cavity  of 
wlxich  communicates  on  each  side  in  front  with  the  anterior  of  the  commencing 


Fig.  559. 


Fig.  559. — Semidiagrammatic  Views  of  the  Inner  Surface  of  the  Right  Cerebral 
Hemisphere  of  the  F(etal  Brain  at  various  stages  of  development  (from 
Schmidt). 

1,  2,  and  3,  are  from  foetuses  of  the  respective  ages  of  eight,  ten,  and  sixteen  weeks  ; 
4,  from  a foetus  of  six  months,  a,  lamina  terminalis  or  part  of  the  first  pi-imary  vesicle 
which  adheres  to  the  sella  turcica. ; 6,  section  of  the  cerebral  peduncle  as  it  passes  into 
the  thalamus  and  corpus  striatum  ; the  arched  line  which  surrounds  this  bounds  the  great 
cerebral  fissure  ; c,  anterior  part  of  the  fornix  and  the  septum  lucidum  ; d,  inner  part 
of  the  arch  of  the  cerebrum,  afterwards  the  hippocampus  major  and  posterior  part  of 
the  fornix  ; e,  corpus  callosum  very  short  in  3,  elongated  backwards  in  4 ; in  4,  /,  the 
superior  marginal  convolution ; /',  fronto-parietal  fissure  ; g,  gyrus  fomicatus  ; p , the 
internal  vertical  fissure  descending  to  meet  the  fissure  of  the  hippocampus  ; I,  olfactory 
bulb  ; F,  P,  0,  T,  frontal,  parietal,  occipital  and  temporal  lobes. 


cerebral  hemispheres,  and  behind  with  that  of  the  middle  cephalic  vesicle 
(corpora  quadrigemina).  Soon,  however,  by  increased  deposit  taking  place  in 


Fig.  560.— The  Surface  of  the  F octal  Brain  at  Six  Months  (from  R.  Wagner). 

This  figure  is  intended  to  show  the  commencement  of  the  formation  of  the  principal 
fissures  and  convolutions.  A,  from  above  ; B,  from  the  left  side.  F,  frontal  lobe ; P, 
parietal  ; 0,  occipital  ; T,  temporal  ; a,  a,  a,  slight  appearance  of  the  several  frontal 
convolutions  ; s,  the  Sylvian  fissure  ; s',  its  anterior  division  ; within  it,  C,  the  central 
lobe  or  convolutions  of  the  island  j r , fissure  of  Rolando  ; p,  the  vertical  fissure  (external 
part). 


FARTHER  DEVELOPMENT  OF  THE  ENCEPHALON. 


759 


their  interior  behind,  below,  and  at  the  sides,  the  thalami  become  solid,  and  at 
the  same  time  a cleft  or  fissure  appears  between  them  above,  and  penetrates 
down  to  the  internal  cavity,  which  continues  open  at  the  back  part  opposite  the 
entrance  of  the  Sylvian  aqueduct.  This  cleft  or  fissure  is  the  third  ventricle. 
Behind,  the  two  thalami  continue  united  by  the  posterior  commissure,  which  is 
distinguishable  about  the  end  of  the  third  month,  and  also  by  the  peduncles  of 
the  pineal  gland.  The  soft  commissure  probably  exists  from  an  early  period, 
although  it  could  not  be  detected  by  Tiedemann  until  the  ninth  month. 

At  an  early  period  the  optic  tracts  may  be  recognised  as  hollow  prolongations 
from  the  outer  part  of  the  wall  of  the  thalami  while  they  are  still  vesicular.  At 
the  fourth  month  these  tracts  are  distinctly  formed.  They  subsequently  are  pro- 
longed backwards  into  connection  with  the  corpora  quadrigemina. 

Prosencephalon. — Each  hemisphere-vesicle  becomes  divisible  into  two  parts  : 
one  of  these  is  the  part  which  from  the  interior  appears  as  the  corpus  striatum, 
and  from  the  exterior  as  the  island  of  Reil,  or  central  lobe  ; the  other  forms  the 
expanded  or  covering  portion  of  the  hemisphere,  and  is  designated  by  Reichert 
the  mantle.  The  aperture  existing  at  the  constricted  neck  of  the  hemisphere- 
vesicle,  Schmidt  and  Reichert  have  recognised  as  the  foramen  of  Monro. 

The  corpora  striata,  it  will  be  observed,  have  a different  origin  from  the  optic 
thalami ; for,  while  the  latter  are  formed  by  thickening  of  the  circumferential 
wall  of  a part  of  the  first  cerebral  vesicle,  and  thus  correspond  in  their  origin 
with  all  the  parts  of  the  encephalon  behind  them,  which  are  likewise  derived 
from  portions  of  the  cerebro-spinal  tube,  the  corpora  striata  appear  as  thicken- 
ings of  the  floor  of  the  hemisphere-vesicles,  which  are  lateral  off-shoots  from  the 
original  cerebro-spinal  tube.  On  this  account,  Reichert  considers  the  brain 
primarily  divisible  into  the  stem,  which  comprises  the  whole  encephalon  forwards 
to  the  taenia  semicircularis,  and  the  hemisphere-vesicles,  which  include  the 
corpora  striata  and  hemispheres. 


Fig.  561. — View  of  the  Inner  Fig.  561. 

Surface  of  the  Right  Half 

OF  THE  FcETAL  BrAIN  OF  ABOUT 

six  months  (from  Reichert). 

F,  frontal  lobe  ; P,  parietal ; 

0,  occipital ; T,  temporal  ; I, 
olfactory  bulb  ; II,  right  optic 
nerve  ; f p,  fronto-parietal  fis- 
sure ; p,  vertical  fissure  ; p', 
internal  vertical  fissure  ; h,  hip- 
pocampal fissure;  g,  gyrus  formi- 
catus  ; c,  c,  corpus  callosum  ; 
s,  septum  lucidum ; f,  placed 
between  the  middle  commissure 
and  the  foramen  of  Monro  ; 
v,  in  the  upper . part  of  the 
third  ventricle  immediately  be- 
low the  velum  interpositum  and 
fornix  ; v',  in  the  back  part  of 

Svlrius d Y™  the  p!nf 1 gland>  and  P°iutinS  by  a line  to  the  aqueduct  o 

byivius  , v , m the  lower  part  ot  the  third  ventricle  above  the  infundibulum  • r recessu 

pinealis  passing  backwards  from  the  tela  choroidea  ; p i-.pons  Varolii  ; C e,  cerebellum. 


+bir>VnPQo  fr,la  i c™spheres^  enlarging,  and  having  their  walls  increased  in 
lamellm"  mouth  (Tiedemann),  two  smooth  shell-like 

the  mrts  ennt-w  m<^  U •<L  16  cavities  afterwards  named  the  lateral  ventricles,  and 
i no-tb ppyt 0r  ' m<FC fi"1  1111  them.  Following  out  the  subsequentchangesaffect- 
moufb  tb^  W f-  the  Cfebral  hemispheres,  it  is  found  that  about  the  fourth 
■ S ,iaces  0 some  of  the  convolutions  appear,  the  intermediate  sulci 
Thouo-b  fiir5i  °n  -y  fS  Yeiy  8hght  depressions  on  the  hitherto  smooth  surface. 

C<m^e  to  ^ quickly  upwards  and  backwards,  the 
i ns  a is  ecome  distinct  by  comparatively  slow  degrees  ; but  towards 
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tho  seventh  and  eighth  months  they  are  developed  with  great  rapidity,  and  at 
the  beginning  of  the  last  month  of  intra-uterine  life,  all  the  principal  ones  are 
marked  out. 

The  Sylvian  fissure , which  afterwards  separates  the  anterior  from  the  middle 
lobe  of  each  hemisphere,  begins  as  a depression  or  cleft  between  them  about  the 
fourth  month,  and,  after  the  great  longitudinal,  is  the  first  of  the  fissures  to 
make  its  appearance.  It  is  followed  by  the  fissure  of  Rolando,  and  the  vertical 
or  parieto-occipital  fissure,  and  somewhat  later  by  the  internal  fronto-parietal 
fissure.  After  this,  the  various  subordinate  fissures  dividing  the  convolutions 
gradually  make  their  appearance.  By  the  end  of  the  third  month  the  hemis- 
pheres have  extended  so  far  backwards  as  to  cover  the  thalami ; at  the  fourth 
they  reach  the  corpora  quadrigemina  ; at  the  sixth  they  cover  those  bodies  and 
great  part  of  the  cerebellum,  beyond  which  they  project  still  further  backwards 
by  the  end  of  the  seventh  month. 

During  the  growth  of  the  hemisphere  the  aperture  of  the  foramen  of  Monro 
is  extended  backwards  ; the  arched  margin  of  this  opening  is  curved  downwards 
at  its  extremities,  and  forms  anteriorly  the  fornix,  and  posteriorly  the  corpus 
fimbriatum  and  hippocampus  major  ; above  the  margin  a part  of  the  wall  of  each 
hemisphere  comes  into  contact  with  its  fellow,  and  in  the  lower  part  forms  the 
septum  lucidum,  while  above  this  the  hemispheres  are  united  by  the  development 
of  the  great  commissure,  the  corpus  callosum. 

The  corpus  callosum  is  described  by  Tiedemann  as  being  first  seen  about  the 
end  of  the  third  month,  as  a narrow  vertical  band,  extending  across  between  the 
forepart  of  the  two  hemispheres,  and  subsequently  growing  backwards.  V ith 
this  view  the  observations  of  Schmidt  coincide.  Reichert,  however,  maintains 
that  the  commissural  structure  seen  at  the  forepart  of  the  hemispheres  is  the 
anterior  white  commissure,  and  that  the  corpus  callosum  appears  in  its  whole 
extent  at  once. 

The  corpora  albicantia  at  first  form  a single  mass  : so  also  do  the  anterior 
pillars  of  the  fomix,  which  are  distinguished  before  the  posterior  pillars.  The 
posterior  pillars  are  not  seen  until  the  fourth  or  fifth  month.  At  that  period  the 
hippocampus  minor  is  also  discernible. 


DEVELOPMENT  OP  THE  NERVES. 

Spinal  Nerves. — Very  little  is  yet  known  as  to  the  mode  of  origin 
of  the  nerves.  In  their  peripheral  extension  the  great  majority  of  them 
seem  to  arise  more  immediately  from  mesoblastic  formative  elements, 
and  the  manner  in  which  this  takes  place  has  been  adverted  to  in  the 
General  Anatomy  at  p.  161.  The  ganglia  and  roots  of  the  spinal  neiues 
are  first  seen  to  make  their  appearance  in  some  very  close  association  with 
the  protovertebral  segments.  In  this  the  ganglion  comes  to  be  distin- 
guishable as  a mass  by  itself,  and  the  anterior  and  postenor  icots  lollov, 
with  their  junction  in  the  part  forming  the  nerve-trunk  beyond  the 
ganglion.  But  according  to  recent  observations  by  Balfour  in  Elasmo- 
branch  fishes  (Scyllium  and  Torpedo),  it  would  appear  that  both  tho 
anterior  and  posterior  roots  may  arise  in  these  animals  in  a closer  con- 
nection with  the  nervous  centre  than  was  previously  believed,  and  as 
independent  outgrowths  from  the  involuted  epiblast  of  the  neuial 
canal.  The  posterior  roots  are  the  first  to  appear,  and  commence  by  an 
outgrowth  at  the  summit  (dorsal  median  groove)  of  the  neural  canal, 
andT  o-radually  pass  outwards  from  thence  to  reach  their  permanent 
place'of  or mi'n  in  a posterior  lateral  furrow.  A subsequent  division  of 
the  nerve  rudiment  takes  place  into  root,  ganglion,  and  a part  ot  the 

11  ° Theban terior  roots  spring  by  an  outgrowth  from  the  antero-lateral 
angles  of  the  cord,  one  for  each  muscular  plate  nearly  m the  place 
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which  they  permanently  occupy,  and  after  they  have  attained  some  size 
they  unite  with  the  posterior  roots  beyond  the  ganglion. 

But  although  the  roots  of  the  nerves  may  thus  be  traced  in  their 
commencement  to  elements  of  epiblastic  nature,  it  is  probable  that 
their  sheaths  and  blood-vessels  arise  from  mesoblastic  tissue  introduced 
later  into  them.  The  ganglia  are  at  first  of  proportionally  very  large 
size,  causing  even  a considerable  part  of  the  projections  on  the  surface 
of  the  body,  as  in  the  human  embryo  of  from  four  to  seven  weeks, 
which  are  usually  attributed  to  the  vertebrate  segmentation  (Kblliker). 
The  union  of  the  roots  with  the  grey  matter  soon  becomes  apparent, 
being  most  obvious  in  the  anterior  roots. 

The  nerves,  like  the  other  elementary  parts,  are  at  first  composed 
entirely  of  cells,  but  fibres  are  soon  formed  by  transformation  of  the 
cells.  On  the  sixth  day  in  the  chick,  Foster  and  Balfour  found  the 
fibres  developed,  but  were  unable  to  trace  them  into  connection  with 
the  ganglionic  cells,  but  at  a later  period  the  connection  was  observed 
by  Lockhart  Clarke  to  be  formed. 

The  very  early  development  of  the  trunks  of  the  nerves  of  the  limbs, 
and  their  progress  outwards  into  the  first  part  of  the  commencing  limb, 
were  observed  and  figured  by  Remak. 

Cranial  Nerves. — The  optic  nerve  and  the  retina,  arise  from  cpi- 
blast  by  an  extension  of  the  primary  medullary  wall  of  the  brain,  as 
already  described,  and  may  therefore,  in  some  sort,  be  regarded  as  an 
extension  of  the  brain  itself.  The  olfactory  tract  and  bulb  are  still 
more  to  be  looked  upon  as  constituent  parts  of  the  cerebrum  ; but  the 
manner  in  which  the  peripheral  olfactory  nerves  which  pass  through  the 
cribriform  plate  into  the  nose  are  formed  has  not  been  yet  observed. 

Among  the  other  cranial  nerves  there  are  four  important  ones  of  which 
the  rudiments  are  seen  to  be  formed  at  an  early  period  ; taking  their 
origin  as  has  been  supposed  in  the  mesoblastic  wall  of  the  cranial  cavity, 
and  extending  thence  into  the  facial  or  visceral  plates.  These  are  the  fifth 
pair  or  trifacial,  the  facial  or  portio  dura  of  the  seventh  pair,  the  glosso- 
pharyngeal and  the  pnenmogastric  nerves.  The  two  first  of  these  are 
situated  in  front,  and  the  two  last  behind  the  otic  vesicle  and  tympano- 
eustachian  passage ; and  according  to  Parker  each  of  these  nerves  forks 
or  divides  into  two  above  one  of  the  visceral  clefts.  Thus  the  fifth  pair 
gives  its  naso-maxillary  division  in  front,  and  its  infero-maxillarv 
division  behind  the  oral  cleft ; the  facial  gives  its  vidian  or  superior 
petrosal  before  and  its  descending  part  behind  the  tympano-custachian 
passage ; the  glosso-pharyngeal  has  its  lingual  and  pharyngeal  branches 
divided  by  the  first  branchial  cleft,  and  in  animals  the  pneumo-gastric 
is  similarly  divided  at  the  second  and  succeeding  clefts. 

The  third,  fourth  and  sixth  pairs  of  nerves  are  of  subordinate  import- 
ance, and  may  be  considered  as  related,  the  two  first  to  the  fifth  pair, 
and  the  last  to  the  facial  nerve.  Their  peripheral  parts  are  developed 
in  connection  with  the  muscles  of  the  eyeball,  but  the  mode  of  the 
formation  of  their  roots  in  connection  with  the  nervous  centres  has  not 
been  ascertained. 

The  hypoglossal  nerve,  although  it  passes  through  the  exoccipital 
bone  in  man,  may  be  compared  to  a spinal  nerve,  and  probably  takes  its 
origin  much  in  the  same  manner. 

The  Sympathetic  Nerves. — Remak  observed  the  development  of 
the  great  sympathetic  nerves  from  the  lateral  plates  in  loops  or  arches 
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connecting  them  with  the  spinal  nerves ; while  the  great  sympathetic 
itself  .consisted  at  first  of  a chain  of  rounded  masses  representing  the 
ganglia,  connected  together,  but  so  closely  set  that  scarcely  any  ?nter- 
vening  nervous,  cord  was  at  first  perceptible.  He  also  observed  the 
separate  formation  in  the  mesentery  of  birds  of  the  large  visceral  nerve 
which  he  discovered  in  these  animals.  The  gangliated  cord  of  the 
sympathetic  has  been  described  and  figured  by  Kolliker  in  the  human 
foetus  of  eight  or  ten  lines  long.  The  peripheral  sympathetic  nerves 
are  also  formed  at  a very  early  period,  and  are  perceptible  in  a foetus 
of  three  months.  In  the  hinder  part  of  the  abdomen  their  origin 
appears  to  be  intimately  connected  in  some  way  with  the  formation  of 
the  suprarenal  bodies. 

DEVELOPMENT  OF  THE  EYE. 

The  embryonic  structures  forming  the  eyeball  and  its  contents  may 
be  considered  as  proceeding  from  three  sources;  viz.,  1st,  by  evolution 
or  expansion  from  the.  medullary  wall  of  the  first  encephalic  vesicle 
(thalamencephalon),  giving  rise  to  the  retina,  in  its  nervous  and  pig- 
mental structure  and  optic  nerve ; 2nd,  by  involution  or  depression  and 
development  of  a part  of  the  cuticular  epiblast,  forming  the  foundation 
of  the  lens  and  the  epithelium  of  the  conjunctiva ; and  3rd,  by  the 
intrusion  of  mesoblastic  elements  between  and  around  the  other  parts, 
so  as  to  furnish  the  materials  out  of  which  are  formed  the  general 
coverings  of  the  eyeball,  cornea  and  sclerotic,  the  fibrous  and  vascular 
choroid,  the  ciliary  apparatus  and  iris,  the  capsule  of  the  lens  and 
the  •capsulo-pupillary  membrane,  the  vitreous  humour,  and  all  the 
fibrous  and  vascular  parts  of  the  organ. 

The  very  early  formation  of  the  primary  optic  vesicles  by  the  expan- 
sion of  the  lower  and  anterior  parts  of  the  wall  of  the  anterior  primary 
encephalic  vesicle  has  already  been  described,  and  the  manner  in  which 
each  of  these  vesicles  forms  a hollow  pediculated  chamber  communi- 
cating by  its  stalk  with  the  general  ventricular  cavity  of  the  primitive 
brain.  The  first  important  change  which  the  primary  optic  vesicles 
undergo  is  connected  with  the  depression  of  the  rudimentary  lens  from 

Fig.  562. — Section  of  the  Head  through  the  Primitive 
Optic  Capsule  of  one  side  in  an  EmbrycdCalf  of  9 mm. 
long,  magnified  (from  Julius  Arnold). 

To  the  right  is  seen  the  optic  capsule  with  its  contracted 
pedicle  and  its  outer  wall  depressed  by  the  thickening  of  the 
corneous  layer  which  forms  the  commencement  of  the  forma- 
tion of  the  lens.  The  optic  stalk  is  in  communication  with  the 
thalamencephalon.  Mesoblast  is  seen  between  the  optic  capsule 
and  the  lens  rudiment. 

without,  and  consists  in  a doubling  back  or  in- 
wards of  the  medullary  wall  of  each  vesicle,  so  as 
to  form  a depression  or  cup  at  its  lower  and 
anterior  part,  into  which  the  commencing  lens 
in  part  sinks.  This  depression  has  been  called  the 
secondary  optic  vesicle,  or  the  optic  cup  (Foster  and 
Balfour).  From  a very  early  period  the  outer  fold  of  this  cup  under- 
goes a much  greater  thickening  by  the  rapid  development  of  its 


Fig.  562. 
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cellular  constituents  than  the  inner  or  that  towards  the  brain,  and 
from  this,  as  well  as  the  increase  of  the  inward  folding1,  the  original 
cavity  of  the  primary  optic  vesicle  becomes  in  a great  measure 
obliterated  or  narrowed,  and  the  outer  and  inner  folds  are  closely 
approximated,  while  the  stalk  or  pedicle  becomes  proportionally  much 
diminished.  The  continued  increase  of  cellular  development  in  the 
outer  fold  of  this  cup  leads  to  the  formation  of  the  various  elements 
composing  the  retina  ; while  in  the  thinner  inner  fold  only  pigment  cells 
are  formed.  The  transition  at  the  bend  from  the  thick  nervous  part  to 

Fig.  563. — Section  through  the  Eye  of  an  Em- 
bryo-Calf OF  TWELVE  MM.,  OR  HALF  AN  INCH, 
long,  magnified  (from  Julius  Arnold). 

The  lens  follicle  is  now  closed  in  and  detached 
from  the  corneous  layer,  and  its  cavity  contains  loose 
cells  which  are  the  remains  of  the  superficial  corneous 
cells.  The  optic  vesicle  or  capsule  is  now  completely 
doubled  back,  so  as  to  present  towards  the  lens  side 
the  secondary  ocidar  capsule  or  cup ; its  outer  wall 
now  much  thickened  by  the  commencement  of  the 
development  of  retina.  Mesoblastic  tissue  is  seen 
to  have  passed  in  from  the  periphery  between  the 
optic  capsule  and  the  lens,  as  well  as  in  front  of  the 
lens.  The  commencement  of  a vascular  circle  is 
shown  round  the  exterior  of  the  ocular  capsule,  and 
extending  also  between  the  lens  follicle  and  the 
cuticle. 


Fig.  563. 


the  thin  pigmental  part  is  quite  sudden,  and  as  soon  as  pigment  cells 
begin  to  be  developed,  a very  marked  distinction  is  perceptible  between 
it  and  the  nervous  structure  of  the  retina.  These  cells  were  formerly 
regarded  as  a part  of  the  choroid  membrane,  but  they  are  now  looked 
upon  as  belonging  rather  to  the  retina,— a view  which  is  supported  by 
the  mode  of  development  now  described. 


Fig.^  564.  Diagrammatic  Sketch  of  a 
\ ertical  Longitudinal  Section 

THROUGH  THE  EYEBALL  OF  A IIuMAN 

Fcetus  of  four  WEEKS  (after  Kolli- 
ker).  if2 


The  section  is  a little  to  the  side  so  a 
avoid  passing  through  the  ocular  cleft, 
the  cuticle,  where  it  becomes  later 
cornea  ; l,  the  lens;  op,  optic  nc 
formed  by  the  pedicle  of  the  primary  o 
vesicle  ; vp,  primary  medullary  cavitj 
the  optic  vesicle  ; p,  the  pigment-1  ay ei 
the  outer  wall  ; the  inner  wall  fo: 
mD  the  ietina  ; v s,  secondary  optic  ves 
containing  the  rudiment  of  the  vitre 
humour. 


Fig.  564. 

vp 
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wards  anr/  when^llbl^UC^S  °P^C  CUP  proceeds  from  above  down- 
but  left  to  » J£e„  18  formed  « **4  as  if  it  enclosed  the  lens 

ctom%/ or X”  sr or  deprion  Mo'r-  This  is  the 

embryo-head  after  pigment  ln)  i “V,  cas,b  ,b<y,  distinguished  in  the 
that  the  pigment  Y,t™(r  . deposited,  from  the  circumstance 
pi=mcnt  is  absent  irom  the  cleft,  which  thus  appears  for  a 
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time  as  a broad  white  line,  particularly  obvious  in  the  embryo  bird, 
running  from  the  circumference  in  upon  the  lens. 

The  "lens  is  developed  in  the  part  of  the  cuticle  opposite  to  the  most 
projecting  part  of  the  primary  optic  vesicle,  or  at  the  place  where 
this  vesicle  comes  in  contact  with  the  surface  of  the  head.  In  this 
.situation  there  is  seen  from  a very  early  period  a thickening  of  the 
epiblast,  which  seems  to  reside  chiefly  in  its  deeper  layer  of  cells,  and 
in  birds  and  mammals  it  would  appear  that  an  actual  involution 
of  the  cuticle'  takes  place,  so  that  first  an  open  follicle  and  next  an 
enclosed  ball  of  cuticle  is  formed.  Although,  however,  both  the 
corneous  and  the  deeper  layer  (sensory  of  Strieker)  of  the  cuticle  are 
enclosed,  it  is  only  the  cells  of  the  deeper  layer  which  undergo  de- 
velopment into  the  fibres  of  the  lens.  The  ball  of  the  lens  separating 
from  the  external  cuticle,  which  passes  freely  over  the  surface,  a cavity 
filled  with  loose  cells,  the  remains  of  cells  of  the  corneous  layer,  exists 
for  a time  within  the  lens  ball.  Then  the  cells  of  the  hinder  or  inner 
wall  are  seen  to  rise  from  the  bottom  by  their  elongation,  and  thus 
a rapid  growth  of  fibres  from  that  side  of  the  ball  takes  place,  while 
the  anterior  or  outer  wall  undergoes  no  similar  change,  but  retains  its 
simply  cellular  structure.  Figures  5 65,  and  566,  show  sufficiently 
clearly  the  manner  in  which  the  fibres  thus  developed  from  cells  rise 
from  the  bottom  of  the  lens  ball  and  come  .to  constitute  the  solid  part 

of  the  lens.  . . . 

The  optic  cup  receives  the  enlarging  lens  in  its  anterior  and  lower 

openin0-,  and  the  reflected  margins  of  the  cup  closely  embiace  the 
margin  of  the  lens  ; but  there  is  a considerable  space  intervening 
between  the  lens  and  the  hollow  of  the  optic  cup  (or  secondary  ocular 
vesicle),  which  comes  to  be  occupied  by  the  vitreous  humour.  Into  this 
space  connective  tissue  and  blood-vessels  developed  from  mesoblastic 


elements  are  projected  from  below,  so.  as 
to  furnish  the  materials  for  the  formation 
of  the  vitreous  humour  and  the  blood-vessels 
which  pass  through  it  to  the  lens,  and  also 
to  surround  the  lens  with  vascular  and 

brous  elements,  out  of  which  are  produced  the  capsu 

ram,  and  probably  also  the  capsule  of  the  lens.  It  results  from 


Fig.  565. 


Fig.  565. — Section  of  the  Eye  in  an  Embryo-Calf 

of  IS  mm.  long,  magnified  (from  Julius  Arnold). 

The  posterior  or  inner  wall  of  the  lens  follicle  is  now 
much  thickened  by  the  elongation  of  its  fibres,  each 
of  which  presents  a nucleus,  and  the  whole  causing  a 
bulging  of  the  posterior  wall.  The  outer  layer  of  the 
lens  capsule  consists  of  columnar  cells..  The  cavity  of 
the  lens  follicle  is  still  visible,  hut  is  now.  widened 
and  flattened.  Two  layers  of  mesoblastic  tissue  are 
now  visible  between  the  lens  and  the  cuticle,  viz.,  a 
deeper  vascular  layer  and  a superficial  non-vascular 
one  containing  nuclei.  The  secondary  optic  capsule  is 
now  occupied  by  connective  tissue  nuclei  and  numerous 
blood-vessels.  The  retinal  section  of  the  primitive 
ocular  vesicle  is  now  thicker.  Figment  begins  to  ap- 
pear in  the  choroidal  section,  and  numerous  blood- 
vessels surround  the  whole  exterior. 
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observations  of  Lieberkiihn  that  in  mammals  the  fold  which  produces 
the  ocular  cup  or  secondary  vesicle  runs  back  into  the  stalk  so  as  to 
fold  in  the  optic  nerve  for  a considerable  space,  and  by  the  simul- 
taneous intrusion  of  mesoblastic  tissue,  thus  to  lead  to  the  introduction 
of  the  central  blood-vessels  of  the  retina  within  the  nerve.  But  in 
birds,  according  to  the  same  observer,  no  such  infolding  of  the  stalk 
occurs,  so  that  in  them  the  vessels  are  excluded  from  the  nerve.  The 
malformation  termed  coloboma  iridis  is  to  be  attributed  to  a persistence 
of  the  choroidal  cleft  or  fold,  and  the  pecten  of  birds,  close  to  the  optic 
nerve,  with  the  vascular  fold  farther  forwards,  and  the  falciform  fold  of 
the  eyes  of  fishes  are  to  be  regarded  as  fibro-vascular  structures  formed 
by  original  projection  through  the  same  fold. 

' The  further  development  of  the  parts  of  the  eye  may  be  briefly 
stated  as  follows  : — 

The  expansion  of  the  ocular  cup  continuing  to  proceed,  the  chamber 
for  the  vitreous  humour  enlarges,  and  that  structure  gradually  comes 
to  occupy  its  space  between  the  retina  and  the  lens. 

The  marked  distinction  between  the  nervous  and  the  pigmental 
portions  of  the  primitive  ocular  vesicle  goes  on  increasing  by  the  con- 
tinued deposit  of  pigment  in  the  latter,  and  its  proportional  thinning, 
and  by  the  great  addition  to  the  thickness  and  the  textural  differentia- 
tion of  the  substance  of  the  former.  Thus  the  cells  in  the  retinal  or 
nervous  portion,  by  their  rapid  multiplication,  soon  become  several 
layers  thick  ; certain  parts  of  these  cells  assume  the  spiudle  shape,  and 
exhibit  elongation  into  fibres,  while  others  retain  the  nuclear  form,  and 
thus  there  is  foreshadowed  the  division  into  the  fibrous,  ganglionic,  and 
nuclear  layers  of  the  retina.  On  the  exterior  a limiting  membrane 


Fig.  566. — Section  op  the  Eye  op 
an  Embryo-Calf  op  30  mm.  long, 
magnified  (from  Julius  Arnold). 

The  cavity  of  the  lens  is  much 
a-educed  in  size  from  the  increased 
development  of  fibres  from  behind. 
The  intersection  space  begins  to  be 
formed  posteriorly,  and  the  zone  of 
nuclei  is  thrown  forward.  The  cornea 
is  now  formed,  covered  externally  by 
the  cuticular  epithelium,  and  with  the 
separation  of  the  aqueous  chamber  in- 
ternally. Close  to  the  lens  is  the 
capsulo-pupillary  membrane,  which  is 
continuous  with  the  vascular  structure 
occupying  the  secondary  ocular  capsule 
or  cavity  for  the  vitreous  humour,  and 
with  the  choroid  membrane  round  the 
margin  of  the  ocular  capsule,  where 
iris  and  ciliary  processes  will  afterwards 
be  formed.  The  layer  of  pigment  is 
now  more  developed,  and  the  tissue  of 
the  sclerotic  is  begun  to  be  formed. 
The  eyelids  are  beginning  to  project  as 
folds  of  the  skin. 


Fig.  566. 


malms  its  appearance,  and  in  connexion  with  it  the  rudiments  of  the 
cells  composing  the  layer  of  rods  and  cones.  The  space  between  the 
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retinal  and  pigmental  layers  rapidly  contracts,  and  finally  the  rods  and 
cones  are  closely  united  with  the  layer  of  pigment  cells. 

The  optic  nerve,  as  already  described,  is  at  first  connected  by  its 
origin  with  the  vesicle  of  the  third  ventricle  or  thalamencephalon,  and 
for  a time  it  retains  its  original  hollow  form.  But  as  the  cerebral 
hemispheres  are  developed  forwards,  the  eye  and  the  optic  nerve  are 
thrown  backwards  and  downwards,  and  a new  connection  is  established 
between  the  optic  nerve  (or  tract)  and  the  vesicle  of  the  midbrain 
(mesencephalon)  : the  rudiment  of  the  optic  commissure  is  at  the 
same  time  formed  by  the  median  approximation  of  the  stalks  and  the 
growth  of  one  over  the  other.  Each  stalk  then  becomes  more  and  more 
solid  by  the  development  of  nerve  fibres  along  with  the  intruded 
connective  tissue  which  forms  the  sheath  substance  of  the  nerve. 

Lens. — The  development  of  fibres  from  the  hinder  wall  of  the 
primitive  lens-follicle  continuing  to  take  place,  the  cavity  of  the 
follicle  is  first  greatly  narrowed  and  then  completely  filled  up  by  the 
lengthening  fibres,  and  the  lens  takes  more  and  more  of  its  full 
spherical  shape.  The  new  fibres  continue  to  be  formed  towards  the 
margin  of  the  lens ; each  fibre  retaining  its  nucleus,  so  as  to  produce 
the  nuclear  zone  -which  runs  through  the  whole  lens.  This  zone 
is  at  first  situated  far  back  in  the  lens  while  the  fibres  are  still 
short,  but  as  they  elongate,  its  place  is  advanced,  so  that  it  comes  to 
be  situated  considerably  in  front  of  the  equatorial  plane  of  the  lens. 
It  is  most  distinct  towards  the  margin  where  the  fibres  are  newly 
formed.  The  anterior  wall  of  the  lens-follicle  remains  as  a simple 
cellular  layer.  The  greater  number  of  the  fibres  now  follow  the  general 
curve  of  the  surface  of  the  lens,  presenting  therefore  their  concavity 
towards  its  centre,  but  the  curvature  gradually  diminishing  in  those 
nearest  the  middle,  where  they  are  straight  or  nearly  so.  _ Only  the 
external  short  and  recently  formed  fibres  present  a concavity  towards 
the  exterior.  The  intersecting  stars  of  the  anterior  and  posterior  poles 
of  the  lens  now  make  their  appearance  by  the  collection  of  cells  in  the 
peculiarly  shaped  triradiate  space  in  these  two  situations,  and  the 
ends  of  the  fibres  are  now  traceable  to  the  edges  of  these  spaces,  so  that 
the  fibres  gradually  take  the  arrangement  round  the  poles  of  the  lens 
which  belongs  to  the  adult. 


Fig.  567. 


Fig.  567.— Transverse  Vertical  Section  of  the 
Eyeball  of  a Human  Embryo  of  four  weeks 
(from  Ivolliker).  “° 

The  anterior  half  of  the  section  is  represented. 
pr,  the  remains  of  the  cavity  of  the  primary  optic 
vesicle  ; p,  the  inflected  part  of  the  outer  layer,  form- 
ing the  retinal  pigment  ; r,  the  thickened  inner 
part  giving  rise  to  the  columnar  and  other  struc- 
tures0 of  the  retina;  v,  the  commencing  vitreous 
humour  within  the  secondary  optic  vesicle ; v',  the 
ocular  cleft  through  which  the  loop  of  the  central 
blood-vessel,  a,  projects  from  below  ; l,  the  lens 
with  a central  cavity. 


The  capsule  of  the  lens,  according  to  Lieberkuhn’s  and  Julius  Arnold’s 
most  recent  observations,  owes  its  origin  to  the  thin  inner  most  pel  he  e 
of  mesoblast  which  is  introduced  at  an  early  period  of  developmer 
between  the  lens  and  the  secondary  ocular  vesicle. 


CORNEA  AND  VITREOUS  HUMOUR. 
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Cornea. — There  is  at  first  no  aqueous  chamber  in  the  eye,  and  even 
•after  the  solution  of  continuity  which  gives  rise  to  this  space  has  oc- 
curred, the  cavity  is  not  dilated  with  fluid,  till  near  the  time  of  birth. 
Even  then  it  is  very  shallow  and  the  lens  is  placed  very  near  to  the 
■cornea.  The  formation  of  the  cornea  is  due  to  a differentiation  of  the 
tissue  in  the  layer  of  mesoblast  which  is  introduced  from  the  neigh- 
bouring wall  of  the  head,  between  the  primitive  lens-follicle  and  the 
corneous  epiblast,  the  cavity  of  the  aqueous  humour  arising  by  the 
separation  pf  the  corneous  part  from  a layer  of  the  mesoblastic  tissue 
lying  within  it.  The  latter  gives  rise  to  the  anterior  part  of  the 
vascular  capsulo-pupillary  membrane,  while  a still  deeper  lamina  closely 
embracing  the  lens,  remaining  non-vascular,  is  converted  into  the  lens 
capsule.  Along  with  the  latter  is  also  formed  the  suspensory  lio-ament 
of  the  lens. 


Vitreous  humour.— The  enlargement  of  the  space  for  the  vitreous 
humour  progressing,  the  cells  of  the  mesoblast  which  form  its  foundation 
rpecome  stellated  and  very  sparse  from  the  effusion  of  a large  quantity 
of  fluid,  and  the  hyaloid  membrane  surrounding  this  structure  takes  its 
origin  from  the  same  mesoblastic  elements. 

Choroid  and  other  membranes.— The  mesoblastic  substance  which 
surrounds  the  ocular  vesicle  externally  is  the  source  of  a number  of 


Fig.  568. 


•Fig.  568.— Blood-vessels  op  the  Cap- 

SULO-PuPILLARY  MEMBRANE  OP  A 

New-born  Kitten,  magnified  (from 
Kolliker). 

Tlie  drawing  is  taken  from  a prepara- 
tion injected  by  Tiersch,  and  sliows  in 
the  central  part  the  convergence  of  the 
net-work  of  vessels  in  the  pupillary 
membrane. 

important  parts.  Among  these 
may  be  mentioned  first  the 
■choroid  membrane,  the  cellular 
(membrana  fusca),  fibrous,  and 
■vascular  layers  of  which  are  de- 
veloped out  of  the  deeper  divi- 
sion of  the  mesoblastic  sub- 
stance, and  to  the  same  source 
may  be  traced  in  a later  stage  of 

vomiS/  tllG  Ci.llaiy  Processes>  ciliary  muscle  and  iris  ; while  the 
connected  with^he  foiSationof  ,fe  defev  mesoblastic  tissue 

capsulo-pupillaris.  The  folds 

mai'gi“ of  the  lens  aud 

into  fhe  •“  and  ‘he  coraea 

tissue  and  that  of  the  sclerotic  coat.  ^ C0nfcmui<7  befcween  the  corneal 

The  CQ/psulo-pupiUg^y  DiGnibra,n  i 

as  at  first  a complete  fibro-vascular  t0’  W be  Iooked  uPon 

V0L  Jr  ^vestment  of  tlie  lens,  which  owes  its  origin. 
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to  the  deepest  part  of  the  intruded  mesoblast.  The  vessels  of  this  membrane  are- 
supplied  by  a branch  of  the  central  artery  of  the  retina,  which  passes  forwards  in 
the  axis  of  the  globe,  and  breaks  up  at  the  back  of  the  lens  into  a brush  of  rapidly 
subdividing  twigs.  The  forepart  of  this  tunic,  adherent  to  the  pupillary  margin 
of  the  iris,  forms  the  pupiVUmj  membrane  by  which  the  aperture  of  the  pupil  is 
closed  in  the  middle  periods  of  foetal  life.  In  the  human  subject,  the  whole  tunic, 
together  with  the  artery  which  supplies  it,  becomes  atrophied,  and  is  lost  sight 
of  before  birth,  but  in  some  animals  it  remains  apparent  for  a few  days  after 
birth.  According  to  Kolliker,  the  anterior  chamber  expands  only  a short  time 
before  birth  by  the  intervention  of  the  aqueous  humour  between  the  iris  and 
cornea. 

The  eyelids  make  their  appearance  as  folds  of  integument,  subsequently  to  the 
formation  of  the  globe.  When  they  have  met  together  in  front  of  the  eye,  their 
edges  become  closely  glued  together  ; and  they  again  open  before  birth. 

The  lachrymal  canal  may  be  regarded  as  a persistently  open  part  of  the  fissure- 
between  the  lateral  frontal  process  and  maxillary  lobe  of  the -embryo. 

The  first  discovery  of  the  mode  of  development  of  the  eye  as  it  is  now  generally 
understood  was  made  by  Huschke  in  1832,  and  was  published  in  Meckel’s  Archiv 
for  that  year.  In  addition  to  the  various  systematic  works  on  Development 
previously  quoted,  the  reader  is  referred  to  the  following,  viz.,  Lieberkuhn,  Uber 
das  Auge  des  Wirbelthier-embryo,  1872  ; and  Julius  Arnold,  Beitrage  zur  Entwick. 
des  Auges,  Heidelberg,  1874. 


DEVELOPMENT  OP  THE  EAE. 

The  first  origin  of  the  organ  of  hearing  as  an  involuted  follicle  from 
the  superficial  epiblast  of  the  head,  constituting  the  primary  auditory 

Fig.  569. 


Fig. 


569. 


-Outlines  showing  tee  Formation  of  the  External  Ear  in  the  Fcetus. 


A,  head  and  upper  part  of  the  body  of  a human  fcetus  of  about  four  weeks  (from 
nature).  V Four  branchial  plates  (the  first,  forming  the  lower  jaw,  is  marked  1),  and 
four  clefts  are  shown  ; the  auditory  vesicle  (a),  though  closed,  is  visible  from  the  tran- 
sparency of  the  parts,  and  is  placed  behind  the  second  branchial  plate. 

1 B the  same  parts  in  a human  foetus  of  about  six  weeks  (from  Ecker).  The  third 
and  fourth  plates  have  nearly  disappeared,  and  the  third  and  fourth  clefts  are  closet  , 
the  second  is  nearly  closed  ; but  the  first  (1')  is  somewhat  widened  posteriorly  in  con- 
nection with  the  formation  of  the  meatus  externus.  . . , , ,,  . 

C human  foetus  of  about  nine  weeks  (from  nature).  ? The  first  brand lnai  cleft  i 

more  dilated,  and  has  altered  its  form  along  with  the  integument  behind  it  in  connectio 
with  the  formation  of  the  meatus  externus  and  the  auricle. 

or  otic  vesicles,  lias  already  been  shortly  described.  From  numerous 
observations0  there  is  now  no  doubt  that  both  in  birds  and  mammals 
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Fig.  570. 


\ 
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Fig.  570. — Transverse  and  slightly  Oblique  Section  op  the  Head  op  a F<etal 
Sheep,  in  the  Region  op  the  Hind  Brain  (from  Foster  and  Balfour  after 
Boettclier). 

iuucr  surface  of  the  thickened  walls  of  the  hind  brain  ; RL,  recessus  vestibuli  ; 
VB,  commencing  vertical  semicircular  canal ; CC,  canalis  cochlere,  with  the  cavity  of  the 
pumitive  otic  vesicle.  On  the  left  side  parts  only  of  these  structures  are  seen  ; GC, 
cochlear  ganglion  of  the  right  side  ; ou  the  left  side,  G',  the  ganglion,  and  N,  the 
auditory  nerve  connected  with  the  hind  brain. 


the  otic  vesicle  forms  at  first  for  a time  a follicle  open  to  the  surface, 
and  that  it  has  therefore  no  original  connection  with  the  nervous 
centre.  Its  position  is  at  the  side  of  the  medulla  oblongata,  and  in  a 
place  opposite  to  the  interval  between  the  first  and  second  postoral 
visceral  arches.  The  outer  opening  of  the  follicle  very  soon  contracts 


Fig.  571. 
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Fig.  571. — Labyrinth  op  the  Human  F<etus  op 
four  weeks,  magnified  (from  Kblliker). 

A,  from  behind  ; B,  from  before  ; v,  the  vestibule  ; 
'<  v,  recessus  vestibuli,  giving  rise  later  to  the  aqueduct ; 
cs,  commencement  of  the  semicircular  canals  ; a,  upper 
dilatation,  belonging  perhaps  to  another  semicircular 
canal  ; c,  cochlea. 


and  becomes  entirely  closed.  The  follicle 
sinks  down  towards  the  basis  of  the  cranium 
and  becomes  _ imbedded  in  the  formative 
me  sob  las  tic  tissue  lying  between  the  basi- 

x-  an<7  ^sphenoid  matrices,  undergoing  chondrification  and 

the  development  'of  thThead?  “ haS  bem  akeadjr  deSCribed  ™der 

^er(;fore. distinguished  from  an  early  period  a part 
* p n mg  to  the  internal  membranous  labyrinth  proceeding  from 

3 i>  2 
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Fig.  572. 


Fig.  572. Transverse  Section  of  the  Head  of  a Fcetal  Sheep  of  four-fifths  of 

an  inch  in  length  (from  Foster  and  Balfour  after  Boettcher). 

RV,  recessus  vestibuli ; VB,  vertical  semicircular  canal ; CC,  cochlear  canal  ; G, 
cochlear  ganglion ; HB,  horizontal  canal. 


Fig.  573. 


Fig.  573. — Transverse  Section  of 
the  Cochlea  in  a Fcetal  Calf, 
magnified  (from  Kolliker). 

C,  the  wall  of  the  cochlea,  still 
cartilaginous  ; c c,  canalis  cochleae  ; 
l s,  placed  in  the  tissue  occupying  the 
place  of  the  scala  vestibuli,  indicates 
the  lamina  spiralis  ; n,  the  central 
cochlear  nerve ; g,  the  place  of  the 
spiral  ganglion  ; S,  the  body  of  the 
sphenoid  ; ch,  remains  of  chorda  dor- 
salis. 

the  epiblast,  and  an  outer  car- 
tilaginous or  bony  and  fibrous 
wait,  together  with  other  ad- 
ventitious structures  arising 


in  the  mesoblast. 

Labyrinth. — In  the  development  of  the  primary  otic  vesicle  after 
it  becomes  completely  closed,  a series  of  very  remarkable  changes  by 
extension  of  its  cavity  in  different  directions  gives  rise  to  the  formation 
of  the  different  parts  of  the  labyrinth.  The  first  complication  which 
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the  vesicle  exhibits  is  by  the  extension  of  a process  upwards  and 
backwards,  which  remains  permanent  in  the  lower  vertebrata,  but  in 
mammals  is  obliterated,  its  vestiges  remaining  in  the  aqueduct  of  the 
vestibule.  The  semicircular  canals  next  appear  as  elongated  elevations 
of  the  surface  of  the  primary  vesicle  : the  middle  portion  of  each  ele- 
vation becomes  separated  from  the  rest  of  the  vesicle  by  bending  in  of 


Fig.  574. — Views  OP  TJIE 
Cartilage  op  Meckel 
and  parts  connected 
with  the  First  and 
Second  Branchial 
Plates. 


A (after  Kolliker),  head 
of  a foetus  of  about  eigh- 
teen weeks,  showing  the 
cartilage  of  Meckel  in  con- 
nection with  the  malleus 
and.the  surrounding  parts. 

M,  placed  upon  the 
lower  jaw  indicates  the 
cartilage  of  Meckel  of  the 
right  side. 

B (from  nature).  An 
enlarged  sketch  explana- 
tory of  the  above  view  ; z, 
the  zygomatic  arch  ; ma, 
the  mastoid  process  ; mi, 
portions  of  the  lower  jaw 
of  which  the  parts  near 
the  angle  and  the  sym- 
physis have  been  removed  ; 
M,  the  cartilage  of  Meckel 
of  the  right  side  ; M',  a 
small  part  of  that  of  the 
left  side,  joining  the  left 
cartilage  at  s,  the  symphy- 
sis J T,  the  tympanic  ring ; 
m,  the  malleus  ; i,  the  in- 
cus ; s,  the  stapes ; stcc,  the 
stapedius  muscle ; st,  the 
styloid  process ; p,h,g , the 
stylo  - pharyngeus,  stylo- 
hyoid, and  stylo-glossus 
muscles  ; stl,  stylo-hyoid 
ligament  attached  to  the 
lesser  cornu  of  the  hyoid 
bone  ; hy,  the  hyoid  bone  ; 
th,  thyroid  cartilage. 


Fig.  574. 


each  end  elcTafc'on  is  converted  into  a tubeopen  at 

dilatation.  The  cartilage  which“fv,8  don,?ated  and  an,  aluimllai' 

tinuous  with  that  of  th°e  rest  of  n ‘he  T?"3  IabjrmULls  con- 

fcilagmous  walls  of  the  cavitv  ™nl>T,°rdlal  ora?mm;-  The  car’ 
vesicle  • this  mnrmnfiw  ^Vlty  are  united  by  connective  tissue  to  the 

t0  “r,  becomes  divided 
j } ion  me  outei  forms  the  lining  periosteum,  the 
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inner  forms  the  external  walls  of  the  membranous  labyrinth,  while  the 
intervening  layer  swells  up  into  gelatinous  tissue,  the  meshes  of  which 
become  wider  and  wider,  till  at  last  the  space  is  left  which  ultimately 
contains  the  perilymph. 

The  cochlea  appears  at  first  as  a prolongation  downwards  from  the 
auditory  vesicle,  but  afterwards  becomes  tilted  forwards.  This  pro- 
longation of  the  auditory  vesicle  is  the  rudimentary  canalis  mem- 
branacea.  Close  to  it  is  placed  the  cochlear  nerve,  with  a gangliform 
extremity.  The  canal  becomes  elongated  in  a spiral  direction,  and  the 
ganglion,  which  is  elongated  with  it,  becomes  the  ganglion  spirale. 
Between  the  canal  and  the  cartilaginous  wall  which  afterwards  sur- 
rounds it  a large  amount  of  connective  tissue  intervenes,  and  in  this 
tissue  the  cavities  of  the  scala  vestibuli  and  scala  tympani  gradually 
appear  at  a later  period,  precisely  as  does  the  space  for  the  perilymph, 
in  the  vestibule.  The  modiolus  and  spiral  lamina,  according  to  Kdl- 
liker,  are  ossified  without  intervention  of  cartilage.  Within  the  canalis 
membranacea  Kolliker  finds  in  the  embryo  a continuous  epithelial 
lining,  thin  on  the  membrane  of  Reissner  and  on  the  outer  wall, 
but  forming  a thick  elevation  in  the  position  of  the  rods  of  Corti, 
and  a larger  elevation  more  internally,  filling  up  the  sulcus  spiralis. 
On  the  surface  of  this  latter  elevation  he  has  observed  a transparent 
body,  the  membrane  of  Corti. 


The  auditory  nerve  is  said  to  be  developed,  separately  from  both  the  brain  and 
the  labyrinth,  in  the  intermediate  mesoblastic  wall  of  the  head ; the  canal  termed 
meatus  auditorius  intemus  being  left  in  the  bones  round  it  and  the  facial  nerve. 
The  auditory  nerve  becomes  secondarily  connected  with  the  medulla  oblongata 
in  a manner  not  yet  ascertained,  and  its  fibres  are  extended  into  relation  witn 
the  delicate,  terminal  structures  formed  in  the  membranous  labyrinth. 

Middle  and  External  Cavities  of  the  Ear. — It  has  been  already  explained 
that  the  external  meatus,  the  tympanic  cavity,  and  the  Eustachian  tube,  are 
formed  in  the  posterior  or  upper  part  of  the  first  postoral  visceral  cleft,  which 
remains  permanently  open  as  the  tympano-eustachian  passage,  except  at  the  place 
where  it  is  interrupted  by  the  formation  of  the  membrana  tympani ; and  also 
that  the  malleus  is  formed  in  the  first  visceral  plate  from  the  proximal  part  of 
Meckel’s  cartilage,  and  the  incus,  stapes,  and  stapedius  muscle  and  the  styloid 
process  probably  in  the  second  plate.  It  is  pointed  out  by  Kolliker  that  during 
the  whole  period  of  foetal  life  the  tympanic  cavity  is  occupied  by  connective 
tissue,  in  which  the  ossicles  are  imbedded ; and  that  only  after  respiration  has 
been  established  this  tissue  recedes  before  an  expansion  of  the  mucous  mem  nane. 

The  pinna  is  gradually  developed  on  the  posterior  margin  of  the  fiist  viscera 
cleft.  It  is  deserving  of  notice  that  congenital  malformation  of  the  externa 
ear,  with  occlusion  of  the  meatus  and  greater  or  less  imperfection  of  the  tympanic 
apparatus,  are  observed  in  connection  with  abnormal  development  of  the  c.eepei 
parts  of  the  first  and  second  visceral  plates  and  the  intermediate  cleft ; while 
cases  have  been  observed  of  the  persistence  in  the  neck  of  the  adult  of  one  or 
more  of  the  branchial  clefts  situated  behind  the  first.  (Allen  Thomson,  Proceed. 
Roy.  Soc.  of  Edin.  1844,  and  Edin.  Joum.  of  Med.  Sc.  1847.) 


development  op  the  nose. 


The  organ  of  smelling,  as  was  first  pointed  out  by  V.  Baer,  owes  its 
or  Join  like  the  primary  auditory  vesicle  and  the  crystalline  leus  ot  the 
eye,  to  a depression  of  the  integument,  or  what  may  be  more  precisely 
designated  as  epiblast.  This  depression,  the  primary  o^tory  groove, 
is  at  first  encircled  by  a uniform  wall,  and  is  unconnected  with  the 
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mouth.  This  stage  has  been  observed  by  Kolliker  in  the  human  embryo 
of  four  weeks.  The  olfactory  groove  is  enclosed  in  the  anterior  ex- 
tremity of  the  nasal  cartilages  prolonged  forward  from  the  trabeculae 
oranii  (Parker).  Soon,  however,  by  the  unequal  growth  of  the  sur- 
rounding parts,  the  groove  so  formed,  descending  from  above,  passes 
into  the  mouth.  Thus  the  middle  frontal  process  is  isolated  between 
the  grooves  of  opposite  sides,  while  the  lateral  frontal  process  separates 
the  nostril  from  the  eye.  The  maxillary  lobes,  growing  forwards  from 
behind  the  eyes,  complete  the  boundaries  of  the  nostrils,  which  then 
open  into  the  fore  part  of  the  mouth.  Kolliker  observed  this  stage  in 
the  latter  half  of  the  second  month.  The  palate  subsequently  grows 
inwards  to  the  middle  line,  as  has  been  elsewhere  stated,  and  separates 
the  nasal  from  the  buccal  cavity  ; leaving  only  the  small  communication 
•of  the  incisor  foramen.  Meanwhile,  with  the  growth  of  the  face,  the 


Fig.  575. — Views  op  the  Head  of  Human  Embryoes,  illustrating  the  Development 

of  the  Nose. 

A,  Head  of  an  embryo  of  three  weeks  (from  Ecker).  1,  anterior  cerebral  vesicle  ; 
% middle  vesicle  ; 3,  nasal  or  middle  frontal  process  ; 4,  superior  maxillary  process  ; 5, 
•eye  ; 6,  inferior  maxillary  process  or  first  visceral  plate,  and  below  it  the  first  cleft ; 7, 
-8,  and  9,  second,  third,  and  fourth  plates  and  clefts. 

B,  Head  of  an  embryo  of  about  five  weeks  (from  Ecker).  j° 

1 , 2,  3,  and  5,  the  same  parts  as  in  A ; 4,  the  external  nasal  or  lateral  frontal  process, 
inside  which  is  the  nasal  groove  ; 6,  the  superior  maxillary  process  ; 7,  the  inferior 
maxilla  ; x , the  tongue  seen  within  the  mouth  ; 8,  the  first  visceral  cleft  which  becomes 
the  outer  part  of  the  meatus  auditorius  externus  and  tympano-eustachjan  passage. 

G,  View  of  the  head  of  an  embryo  of  eight  weeks  seen  from  below,  the  low  er  jaw  having 
been  removed  (from  Kolliker).  ± 

_ n>  the  external  nasal  apertures ; i,  premaxillary  or  incisor  process,  and  to  the  outer 
side  of  this  the  internal  nasal  aperture  ; in,  one  of  the  palatal  processes  of  the  upper  jaw, 
which,  advancing  inwards  from  the  sides,  form  the  partition  between  the  mouth  and  nose  ; 
P>  common  cavity  of  the  nose,  mouth,  and  pharynx. 

nasal  fossae  deepen,  and  the  turbinated  bones  make  their  appearance  as 
processes  from  their  walls.  The  ethmo-turbinal  cartilages  are  at  first 
simple,  but  rapidly  extend  themselves  to  take  the  more  or  less  complex 
shape  which  they  present  in  different  animals  or  in  man. 


Observations  are  still  wanting  to  determine  whether  the  olfactory  nerves  are 
developed  from  the  bulbs,  and  have  thus  a cerebral  origin,  or  are  separately 
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formed  from  peripheral  blastema  like  all  other  nerves,  with  the  exception  of  the- 
optic. 

DEVELOPMENT  OF  THE  ALIMENTARY  CANAL  AND  ORGANS  ARISING 

FROM  THE  HYPOBLAST. 

The  whole  alimentary  canal,  from  the  fauces  to  the  anus,  together 
with  the  rudiments  of  certain  organs  associated  with  it  in  their  com- 
mencement, viz.,  the  thyroid  gland,  lungs,  trachea  and  larynx,  the  liver,, 
and  pancreas,  as  well  as  the  allantois,  owe  their  origin  more  imme- 
diately to  inflections  of  the  hypoblast  layer  of  the  germinal  membrane, 
which  supplies  the  epithelial  lining  of  their  principal  cavities  ; but  in 
all  these  organs  parts  of  their  structure  are  supplemented,  and  some- 
other  organs,  such  as  the  mesentery  and  spleen,  are  wholly  formed  from 
the  mesoblast,  whence  proceed  the  vascular,  fibrous,  and  parenchyma- 
tous elements,  and  also  the  serous  coverings  of  the  organs,  where  these 
exist. 

ALIMENTARY  CANAL. 

The  primary  digestive  cavity  of  birds  and  mammals,  as  it  extends 
from  one  end  of  the  embryo  to  the  other  below  the  vertebral  axis, 
presents  at  first  a manifest  division  into  three  parts.  One  of  these,, 
occupying  the  part  of  the  embryo  which  is  enclosed  by  the  cephalic 
fold,  and  which  may  be  named  the  foregut,  comprises  the  rudiments 
of  the  pharynx  and  gullet,  the  stomach  and  duodenum.  The  posterior 
division,  which  is  comparatively  short,  occupies  the  caudal  fold  of  the 
embryo,  and  corresponds  mainly  to  the  lower  part  of  the  colon  and 
rectum.  Both  of  these  parts  have  from  the  first  a tubular  form,  and 
are  closed  respectively  by  the  inflection  of  the  whole  blastodermic 
layers  at  the  anterior  and  posterior  extremities  of  the  body.  The 
middle  division  has  primarily  the  form  of  a long  and  wide  groove, 
lying  close  below  the  corresponding  part  of  the  vertebral  bodies,  lead- 
ing at  its  opposite  ends  into  the  cephalic  and  caudal  portions  of  the 
gut,  and  is  freely  open  throughout  on  its  ventral  aspect  into  the  cavity 
of  the  yolk-sac,  with  the  blastodermic  walls  of  which,  as  formerly 
described,  the  constituents  of  the  intestinal  walls  are  directly  con- 
tinuous (see  fig.  576). 

The  mouth,  as  elsewhere  explained,  is  no  part  of  the  primitive 
alimentary  canal,  but  is  formed  by  involution  of  parts  of  the  face,  and 
receives,  therefore,  its  lining  membrane  from  epiblast.  It  is  separated 
for  a time  from  the  pharynx,  which  is  the  foremost  part  of  the  primi- 
tive alimentary,  canal,  by  the  reflection  of  the  layers  of  the  blastoderm, 
and  the  communication  which  is  later  established  between  the  mouth 
and  pharynx  at  the  posterior  arch  of  the  fauces,  is  due  to  a solution  of 
continuity  in  these  layers,  which  occurs  in  the  chick  on  the  fourth  day 
of  incubation,  and  has  been  traced  at  a corresponding  period  of 
development  in  several  mammals.  The  aperture  has  at  first  the  form 
of  a vertical  slit,  which  widens  later  as  it  becomes  the  opening  from 
the  pharynx  into  the  common  cavity  of  the  nose  and  mouth.  The 
diverticulum  of  the  pituitary  gland,  it  will  be  remembered,  occupying 
the  place  which  becomes  the  top  of  the  permanent  pharynx,  is  formed 
in  connection  with  the  epiblastic  or  buccal,  and  not  the  hypoblastic  or 
pharyngeal  division  of  the  alimentary  passage  (see  fig.  535,  A and  B,  pi/). 

The  hypoblastic  layer  of  the  germinal  membrane,  from  which  is 
derived  the  epithelial  lining  of  the  whole  alimentary  canal  and  pas- 
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sages  communicating  with  it,  is  at  first  extremely  thin  and  simple,  and 
is  composed  of  flat  cells ; but  as  soon  as  this  layer  comes  to  form  a part 
of  the  inflected  alimentary  tube,  its  character  is  completely  altered,  its 
cells  become  cylindrical,  and  it  attains  a great  proportional  thickness,, 
which  it  preserves  for  a considerable  time. 


Fig.  576. 


Fig.  576. — Early  form 
of  the  Alimentary 
Canal  (from  Kolliker 
after  Bisekoff). 

In  A a front  view, 
and  in  B an  antero-pos- 
terior  section  are  repre- 
sented. 

a , four  pkaiyngeal  or 
visceral  plates ; b,  the 
pharynx  ; c,  c,  the  com- 
mencing lungs  ; d,  the 
stomach  ; f,  f,  the  di- 
verticula connected  with 
the  formation  of  the  liver ; 
ff,  the  yolk-sac  into  which 
the  middle  intestinal 
groove  opens  ; h,  the 
posterior  part  of  the  in- 
testine. 


B 


The  outer  surface  of  the  inflected  hypoblast  of  the  alimentary  tube  is 
more  or  less  in  contact  with  the  splanchno-pleure  division  of  the  mesoblast. 
In  the  head  no  marked  separation  of  the  splanchnopleure  and  somato- 
pleure  divisions  of  the  mesoblast  takes  place,  but  the  elements  of  the  former 
are  no  doubt  combined  with  the  hypoblast  in  the  walls  of  the  pharynx, 
and  the  formation  of  the  tympano-eustachian  and  following  pharyngeal 
clefts  is  therefore  due  to  the  perforation  of  both  epiblastic  and  hypo- 
blastic layers  with  intervening  mesoblastic  tissue,  just  as  occurs  in  the 
formation  of  the  opening  of  the  fauces.  But  in  the  thorax  and 
abdomen,  the  primitive  alimentary  canal  is  brought  into  relation  with 
the  pleuro-peritoneal  cavity,  and  receives  in  various  parts  a serous 
investment  from  the  lining  membrane  which  becomes  developed  in 
that  space.  In  the  thorax  the  right  and  left  cavities  remain  distinct 
as  the  two  pleurae,  while  a central  portion  is  separated  for  the  forma- 
tion of  the  pericardium,  and  thus  the  gullet,  as  well  as  the  lungs,  is 
brought  into  relation  with  the  pleurae,  and  receives  partial  covering 
lorn  them.  The  formation  of  the  diaphragm,  which  does  not  at  first 
exist,  and  which  grows  down  from  the  vertebral  column  as  a partition 
ie  ween  the  thorax  and  abdomen,  leads  to  the  ultimate  separation  of 
ic  pei itoneum  from  the  pleurae.  Some  examples  of  diaphragmatic  hernia 
may  be  considered  as  arising  from  the  persistence  of  the  original 
connection  between  the  two  cavities.  In  the  abdomen,  also,  the  right 
ant  e pei itoneal  cavities  are  at  first  distinct,  but  when  the  intestine 
assumes  a tubular  form,  the  right  and  left  cavities  are  thrown  into  one 
across  the  middle  plane  of  the  body. 

As  the  development  of  the  alimentary  canal  proceeds,  the  middle 
open  part  shortens,  more  and  more  of  it  being  converted  into  the 
tubulai  intestine,  and  at  last,  as  before  explained,  there  remains  only 
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the  narrow  opening  by  which  the  gradually  lengthening  ductus  vitello- 
mtestmalis  leads  into  the  umbilical  vesicle.  The  middle  part  of  the 
intestinal  canal  has,  when  first  produced,  more  or  less  the  form  of  a 
straight  tube  lying  close  to  the  vertebral  column  ; but  as  it  increases 

Fig.  5/7. — Human  Embryo  of  thirty-five 
days  seen  from  uefore  (from  Kcilliker  after 
Coste). 

3,  left  external  nasal  process ; 4,  superior 
maxillary  process  ; 5,  lower  maxillary  process  ; 
z,  tongue  ; b,  aortic  bulb  ; b',  first  permanent 
aortic  arch,  which  becomes  ascending  aorta ; 
b",  second  aortic  arch ; b‘",  third  aortic  arch  or 
ductus  Botalli ; y,  the  developing  pulmonary 
arteries  ; c,  the  superior  cava  and  right  azygos 
vein  ; c',  the  common  venous  sinus  of  the  heart  ; 
c",  the  common  stem  of  the  left  vena  cava  and 
left  azygos  ; o',  left  auricle  of  the  heart ; v,  right 
r/ , left  ventricle  ; a e,  lungs  ; e,  stomach  ; j, 
left  omphalo-mesenteric  vein  ; s,  continuation 
of  the  same  behind  the  pylorus,  which  becomes 
afterwards  the  vena  portm  ; x,  vitello-intestinal 
duct ; a,  right  omphalo-mesenteric  artery ; m, 
Wolffian  body ; i,  rectum  ; n,  umbilical  artery  ; 
v,  umbilical  vein ; 8,  tail ; 9,  anterior,  9', 

posterior  limb.  The  liver  has  been  removed. 

in  leugtb,  it  is  thrown  into  the  shape 
of  a loop  bent  downwards  to  the 
umbilicus, — a change  which  is  ac- 
companied by  the  formation  of  the 
mesentery.  The  latter  structure  is 
undoubtedly  entirely  due  to  splanchno- 
pleure  mesoblastic  elements,  which, 
extending  themselves  between  the  pro- 
to-vertebral masses  and  the  elongating- 
gut,  become  developed  into  the  vascu- 
lar and  other  parts  of  the  mesentery, 
as  was  long  ago  shown  by  Yon  Baer. 
But  the  mesoblast,  also,  by  its  splan- 
chnopleure  division,  furnishes  the  con- 
tractile fibrous,  vascular,  and  con- 
nective tissue  elements  of  the  intestinal  walls.  The  extent  to  which 
the  glandular  elements  of  the  alimentary  canal  are  supplied  by  the 
hypoblast,  to  which  their  origin  was  entirely  attributed  by  Remak,  or 
furnished  rather  by  mesoblast  from  the  protovertebral  mass,  as  held  by 
Schenk,  is  not  yet  determined. 

As  development  proceeds  in  the  forepart  of  the  alimentary  canal,  a 
change  in  its  form  manifests  itself,  by  which  one  part,  becoming  dilated, 
forms  the  commencement  of  the  stomach,  while  the  others  remain  of 
smaller  diameter  as  gullet  and  duodenum  ; and  in  connection  with. dif- 
ferent parts  of  these  the  rudiments  begin  to  appear  of  the  lungs,  liver, 

and  pancreas.  . . 

When  the  tubular  parts  of  the  gut  have  attained  to  some  length,  a 
change  of  position  gradually  accompanies  their  further  development. 
While  the  oesophageal  part  remains  comparatively  straight,  the  dilated 
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portion  of  the  tube  which  forms  the  stomach  turns  over  on  its  right 
side,  so  that  the  border,  which  is  connected  to  the  vertebral  column  by 
the  membranous  fold  (or  true  mesogastrmm)  comes  to  be  turned  to  the 
left, -the  position  of  the  tube  being  still  vertical,  like  the  stomach  oi 
some  animals.  By  degrees  it  becomes  more  dilated,  chiefly  on  what  is 
now  the  left  border  but  subsequently  becomes  the  great  curvature,  and 
assumes  first  an  oblique  and  finally  a transverse  position,  carrying  with 


Fig.  578. 


B 


D 


Fig.  578. — Outline  of  the  Form  and  Position  of  the  Alimentary  Canal  in 
Successive  Stages  of  its  Development. 

A,  alimentary  canal,  &c.,  in  an  embryo  of  five  weeks  ; B,  at  eiglit  weeks  ; C,  at  ten 
weeks  ; D,  at  twelve  weeks  ; l,  the  primitive  lungs  connected  with  the  pharynx  ; s,  the 
stomach  ; d,  duodenum  ; i,  the  small  intestine  ; i',  the  large ; c,  the  caecum  and  vermi- 
form appendage  ; r,  the  rectum  ; c l,  in  A,  the  cloaca  ; a,  in  B,  the  anus  distinct  from 
s i,  the  sinus  uro -genitalis  ; v,  the  yolk-sac  ; v i,  the  vitello-intestinal  duct  ; u,  the 
urinary  bladder  and  urachus  leading  to  the  allantois  ; g,  the  genital  ducts.  In  B,  and 
C,  the  thickness  of  the  colon  is  erroneously  represented  as  greater  than  that  of  the 
ileum. 


it  the  mesogastrium,  from  which  the  great  omentum  is  afterwards  pro- 
duced. A slight  indication  of  the  pylorus  is  seen  at  the  third  month. 
Upon  the  surface  of  the  part  of  the  canal  which  immediately  suc- 
ceeds the  stomach,  and  which  forms  the  duodenum,  the  rudiments 
of  the  liver,  pancreas,  and  spleen  are  simultaneously  deposited,  in  the 
manner-  to  be  stated  in  the  description  of  the  development  of  these 
organs. 

The  place  of  transition  from  the  small  to  the  large  intestine,  which 
is  soon  indicated  by  the  protrusion  of  the  caecum,  is  at  a point  just 
below  the  apex  or  middle  of  the  simple  loop  already  mentioned,  as 
accompanying  the  first  elongation  of  the  tubular  gut.  As  the  small 
intestine  grows,  the  part  below  the  duodenum  forms  a coil  which  at 
first  lies  in  the  commencing  umbilical  cord,  but  retires  again  into  the 
abdomen  about  the  twelfth  week  ; afterwards  it  continues  to  elongate, 
and  its  convolutions  become  more  and  more  numerous. 
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The  large  intestine. is  at  first  less  in  calibre  than  the  small.  In  flip- 
eaily  embryo  there  is  at  first  no  caicum.  This  part  of  the  bowel 

tthe  rest’  aud  in  tllefirsfc  instance  forms  a tube 

o uniroim  calibre,  without  any  appearance  of  the  vermiform  annondh  • 
subsequently  the  lower  part  tf  the  tube  ceases  toTrowTnX  saSe 

pi  op 01 1]  on  and  becomes  the  appendix,  whilst  the  upper  portion  con 
tinues  to  be  developed  with  the  rest  of  the  intestine. 1 The  c^cum  now 
appears  as  a protrusion  a little  below  the  apex  of  the  bend  in X prim!- 

n?taStlna  fcfUb5’  an<?’  toSether  with  the  commencing  colon,  and  the 
coil  of  small  intestine,  is  at  first  lodged  in  the  wide  part  of  the  um- 

bi heal  cord  which  is  next  the  body  of  the  embryo.  The  ileo-csecal 
y a,  aPP.ears  afc  the  commencement  of  the  third  month.  When  the 
cons  of  intestine  and  caecum  have  retired  from  the  umbilicus  into 
the  abdomen  the  colon  is  at  first  entirely  to  the  left  of  the  con- 
volutions of  the  small  intestines,  but  subsequently  the  first  part  of 

le  large  intestine,  together,  with  the  meso-colon,  crosses  over  the 
upper  part  of  the  small  intestine,  at  the  junction  of  the  duodenum  and 
jejunum.  I he  caecum  and  transverse  colon  are  then  found  just  below 
the  liver  ; finally,  the  caecum  descends  to  the  right  iliac  fossa,  and  at 
the  fourth  or  fifth. month  the  parts  are  in  the  same  position  as  in  the 
auult.  At  first,  villous  processes  or  folds  of  various  lengths  are  formed 
hiougliout  the  whole  canal.  After  a time  these  disappear  in  the 
stomach  and  large  intestine,  but  remain  persistent  in  the  intermediate 
portions  of  the  tube.  According  to  Meckel,  the  villous  processes  are 
formed  from  larger  folds,  which  become  serrated  at  the  edge,  and 
divided  into  separate  villi. 

The  formation  of  the  hinder  part  of  the  gut  is  complicated  with  the 
development  of  the  allantois,  which  arises  as  a projection  or  out- 
gi  owth  of  the  hypoblast  and  mesoblast  from  the  lower  wall  of  its 
terminal  portion.  This  part  rapidly  buds  out  in  the  pleuro-peritoneal 
space,  having  from  a very  early  period  a rich  network  of  the  branches 
oi  the  umbilical  vessels  in  its  outer  layer.  The  anal  or  cloacal  portion 
remains  behind  the  allantoid  pedicle,  and  by  the  fifth  day  in  the  chick 
the  whole  of  the  tissues  which  close  the  terminal  fold  thin  rapidly  away, 
and  become  perforated  so  as  to  form  the  primitive  anal,  or  rather  the 
cloacal  opening.  The  separation  of  the  permanent  anus  from  the  uro- 
genital orifice  is  the  result  of  a later  process  of  development. 

The  mode  of  development  of  the  alimentary  canal  explains,  in  some 
measure, . the  complicated  folds  of  the  peritoneum.  The  stomach 
being  originally  more  nearly  in  the  line  of  the  alimentary  canal 
and  mesial  in  position,  the  small  omentum  aad  gastro-phrenic  ligament 
are  originally  parts  of  a mesial  fold  with  the  free  edge  directed  for- 
wards, which  afterwards  forms  the  anterior  boundary  of  the  foramen 
of  Winslow.  Thus  the  anterior  wall  of  the  sac  of  the  omentum,  as  far 
as  the  great  curvature  of  the  stomach,  may  be  considered  as  formed  by 
the  right  side  of  a mesial  fold,  while  the  peritoneum  in  front  of  the 
stomach  belongs  to  the  left  side  of  the  same,  and  a sac  of  the  omentum 
is  a natural  consequence  of  the  version  and  disproportionate  growth  of 
the  tube  between  the  duodenum  and  the  cardiac  orifice  of  the  stomach. 

It  is  obvious  that  the  view  of  the  omental  sac,  according  to  which  its 
posterior  layers  are  held  to  return  to  the  duodenum  and  posterior  wall 
of  the  body  before  proceeding  to  form  the  transverse  meso-colon  (p.  484) 
is  more  consistent  with  the  phenomena  of  development  now  described. 
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than  that  which  would  make  them  directly  enclose  the  colon.  On  the 
other  hand,  the  further  elongation  of  the  omental  sac  and  the  whole 
disposition  of  the  peritoneum,  with  respect  to  the  colon,  must  be 
regarded  as  having  taken  place  after  the  assumption  by  the  great  intes- 
tine of  its  permanent  position. 

Fig.  579. — Sketch  op  the  Human  Fig.  579. 

Embryo  of  the  Tenth  Week,  show- 
ing the  Coil  of  Intestine  in  the 


The  occurrence  of  umbilical  hernia  in  its  various  degrees  may  be 
referred  to  the  persistence  of  one  or  other  of  the  foetal  conditions  in 
which  a greater  or  less  portion  of  the  intestinal  canal  is  contained  in 
the  umbilical  cord  ; and  it  has  been  shown  that  the  most  common  form 
of  abnormal  diverticula  from  the  small  intestine  is  connected  with  the 
•original  opening  of  the  ductus  vitello-intestinalis  into  the  ileum. 

DEVELOPMENT  OF  THE  LIVER,  PANCREAS,  AND  SPLEEN. 

The  Liver.— The  liver  is  one  of  the  earliest  formed  abdominal 
■organs. . It  consists  at  first,  according  to  most  observers,  of  two  solid 
masses  in  connection  with  the  lower  surface  of  the  duodenal  portion  of 
the  alimentary  canal.  Schenk, _ however  (Lelirbuch,  p.  93),  states  that 
the  bl astern ic  mass  of  the  liver  is  single.  A hollow  cavity  soon  appears 
within  the  mass,  which  is  the  commencement  of  the  main  excretory 
duct  _ (ductus  choledochus  communis).  This  cavity  is  lined  by  hypo- 
blastic  epithelium ; and,  according  to  the  commonly  received  view  is 
produced  as  a diverticulum  of  the  hypoblast  of  the  intestine.  Through 
the  mass,  but  at  first  unconnected  with  its  substance,  there  passes  the 
main  stem  of  the  veins  from  the  umbilical  vesicle  and  allantois  (um- 
bilical vein  or  meatus  venosus).  v 


Tlie  amnion  and  villous  chorion  have 
"been  opened  and  the  embryo  drawn  aside 
from  them ; v,  the  umbilical  vesicle  or 
yolk-sac  placed  between  the  amnion  and 
chorion,  and  connected  with  the  coil  of 
intestine,  i',  by  a small  or  almost  linear 
tube ; the  figure  at  the  side  represents 
the  first  part  of  the  umbilical  cord 
magnified ; i,  coil  of  intestine ; v i, 
vitello -intestinal  duct,  alongside  of  which 
are  seen  omphalo-mesenteric  blood-ves- 
sels. 


magnified ; i,  coil  of  intestine  ; 


Umbilical  Core.  (A.  T.) 


According  to  some  embryologists,  as  Schenk,  the  hypoblast  forms  no 
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more  than  the  lining  epithelium  of  the  hile-diicts  and  gall-bladder,  and 
the  hepatic  or  glandular  cells  are  entirely  derived  from  mesoblast  ; but, 
according  to  Foster  and  Balfour,  following  Remak  and  the  earlier 
observers,  the  cellular  elements  of  the  gland  are  stated  to  derive  their 
origin  from  the  hypoblast,  and  the  mesoblast  is  mainly  converted  into 
blood-vessels  and  the  fibrous  tissue  of  the  ducts. 


Fig.  5S0. 


Fig.  580.  — Early  Con-  I 

DITION  OF  THE  LlVER  1 
IN  THE  CniCK  ON  THE  I 

Third  Day  of  Incu- 
bation (from  J.  Mill-  j 
ler. ) Jf 

1,  tlie  heart  as  a sim- 
ple curved  tube ; 2,  2,  ' 
the  intestinal  tube ; 3, 
conical  protrusion  of  the 
coat  of  the  commencing 
intestine,  on  which  the 
blastema  of  the  liver  (4) 
is  formed ; 4,  portion  of 
the  layers  of  the  germinal 
membrane,  passing  into 
the  yolk-sac. 

The  gall  bladder  is  formed  by  extension  from  the  wall  of  the  main 
duct. 

The  blood-vessels  formed  in  the  liver  become  branches  ot  the  mam 
vein,  which  passes  through  the  cellular  mass.  These  aie  distinguish- 
able as  an  anterior  and  posterior  set,  the  arrangement  of  which  is  such 
that  the  blood  flows  from  stem  to  branches  in  the  anterior,  and  from 
branches  to  stem  in  the  posterior.  Thus  the  distinction  is  estab- 
lished between  portal  and  hepatic  veins  (see  the  Development  of  the 

The  solid  cylinders  of  the  blastema  represent  the  hepatic  lobulai 
tissue,  the  hollow  processes  the  hepatic  ducts  ; but  the  origin  of  the 
finest  ducts  is  not  known.  Perhaps  each . cellular  cylinder  may  be 
looked  upon  as  a collection  of  hepatic  cells,  in  the  centie  of  which  is 
the  minute  duct,  according  to  the  view  now  taken  of  the  stiucture  of 

the  adult  liver  (Foster  and  Balfour). 

The  gall-bladder  is  at  first  tubular,  and  then  has  a rounded  form. 
The  alveoli  in  its  interior  appear  about  the  sixth  month.  At  the 
seventh  month  it  first  contains  bile.  In  the  foetus  its  direction  is  more 

horizontal  than  in  the  adult.  . 

The  following  are  the  principal  peculiarities  m the  liver  ot  the 

foetus : — 

or™  _Tn  the  human  foetus,  at  the  fifth  or  sixth  week,  the  liver  is  so  large  that 
it  is  said  to  constitute  one -half  of  the  weight  of  the  whole  body.  This  propor- 
tion gradually  decreases  as  development  advances,  until  at  the  full  penod  the 
relative  weight  of  the  foetal  liver  to  that  of  the  body  is  as  1 to  IS. 

In  etZ  foetal  life,  the  right  and  left  lobes  of  the  liver  are  of  equal  or  nearly 
i T nter  the  right  preponderates,  but  not  to  such  an  extent  as  aftei 

S''  “ mmSatei,  birth  the  relate  weight  of  the  left  lobe  to  the  right 

18  Sh«- Ineoiiseguence  °*  ths  ne8xly  size  of  th?  *1° 

tion  of  the  foetal  liver  in  the  abdomen  is  more  symmetrical  than  m the  adult. 


THE  FCETAL  LIVER. 
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In  the  very  young-  foetus  it  occupies  nearly  the  whole  of  the  abdominal  cavity 
at  the  full  period  it  still  descends  an  inch  and  a half  below  the  margin  of  the 
thorax,  overlaps  the  spleen  on  the  left  side,  and  reaches  nearly  down  to  the 
crest  of  the  ilium  on  the  right. 

Form,  Colour,  §c. — The  foetal  liver  is  considerably  thicker  in  proportion  from 
above  downwards  than  that  of  tire  adult.  It  is  generally  of  a darker  hue.  Its 
consistence  and  specific  gravity  are  both  less  than  in  the  adult. 

During  foetal  life,  the  umbilical  vein  runs  from  the  umbilicus  along  the  free 
margin  of  the  suspensory  ligament  towards  ihe  anterior  border  and  under  surface 
of  the  liver,  beneath  which  it  is  lodged  in  the  umbilical  fissure,  and  proceeds  as 
far  as  the  transverse  fissure.  Here  it  divides  into  two  branches  ; one  of  these, 
the  smaller  of  the  two,  continues  onward  in  the  same  direction,  and  joins  the 
vena  cava ; this  is  the  ductus  venoms,  which  occupies  the  posterior  part  of  the 
longitudinal  fissure,  and  gives  to  it  the  name  of  the  fossa  of  the  ductus  venosus. 
The  other  and  larger  branch  (the  trunk  of  the  umbilical  vein)  turns  to  the  rio\fit 
along  the  transverse  or  portal  fissure,  and  ends  in  the  vena  portie,  which,  pro- 
ceeding from  the  veins  of  the  digestive  organs,  is  in  the  foetus  comparatively  of 
small  dimensions.  The  umbilical  vein,  as  it  lies  in  the  umbilical  fissure,  and 
before  it  joins  the  vena  port 02,  gives  off  large  lateral  branches,  which  ’ pass, 
directly  into  the  right  and  left  lobes  of  the  liver.  It  also  sends  a few  smaller 
branches  to  the  square  lobe  and  to  the  lobe  of  Spigelius. 


Fig.  581. — Under  Surface  of  the 
F<etal  Liver,  with  its  great 
Blood-vessels,  at  the  full 
Period. 

a,  the  umbilical  vein,  lying 
in  the  umbilical  fissure,  and  turn- 
ing to  the  right  side,  at  the 
transverse  fissure  (0),  to  join  the 
vena  portre  (p) : the  branch  marked 
cl,  named  the  ductus  venosus,  con- 
tinues straight  on  to  join  the  vena 
cava  inferior  (c)  : some  branches  of 
the  umbilical  vein  pass  from  a into 
the  substance  of  the  fiver  ; a,  the 
gall-bladder. 


Fig.  -581. 


The  blood  which,  leaves  the  liver  by  the  hepatic  veins,  and  is  carried  into  the 
heart  along  with  that  of  the  vena  cava  inferior,  consists  of  the  following  parts 
viz.;  1.  That  of  the  umbilical  vem,  which  passes  on  directly  by  the  "ductus 
venosus  ; 2,  that  portion  of  the  blood  which  is  distributed  to  the  liver  by  branches 
proceeding  immediately  from  the  trunk  of  the  umbilical  vein  : and  3 the  blood 
from  the  digestive  organ,  of  the  foeto,  arriving  by  the  vena  porta,  ’ 

"V  tei  *he  umbilical  vein  becomes  obliterated  from  the  umbilicus  un  to 

obfiteiSed  butTe^  br^fCS  to  the  liver-  The  ductus  venosus  is  also 
vein  to  the’  W,  v ^ Whlch  were  -lven  as  branches  from  the  umbilical 
left  diviSon of With  and  ^ as  of  the 
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jliver,  with  respect  to  the  exact  share  of  the  hypoblastic  and  mesoblastic 
elements  in  the  formation  of  the  glandular  cells.  The  main  duct  and  its 
branches  undoubtedly  owe  their  origin  to  diverticula  proceeding  from 
the  intestinal  hypoblast,  and  the  epithelial  lining  of  the  ducts  is  doubt- 
less derived  from  that  source.  By  those  who  consider  that  the  glan- 
dular cells  also  arise  from  the  hypoblast,  solid  processes  of  that  layer 
•are  described  as  stretching  into  the  mass  of  mesoblast.  Into  these  the 
diverticular  cavities  subsequently  extend  in  more  than  one  main  divi- 
sion. The  blood-vessels  and  the  connective  tissue  of  the  gland  are 
undoubtedly  due  to  the  mesoblastic  elements,  and  these  are  very  soon 
combined  with  the  parts  proceeding  from  hypoblast. 

The  Spleen. — This  organ  appears  soon  after  the  pancreas  as  a 
thickening  of  the  mesogastrium,  and  is  therefore  entirely  mesoblastic 
in  its  origin.  (Peremeschko,  Vienna  Acad.,  1867,  and  TV.  Muller  in 
Strieker’s  Histol.)  The  gradual  formation  of  the  trabecular  structure 
from  one  set  of  cells  and  of  the  blood-vessels  and  cellular  elements  of 
the  organ  from  the  blastemic  substance  has  been  traced.  The  pulp  is 
formed  in  connection  with  the  veins,  and  the  arteries  are  formed  along 
with  the  Malpighian  corpuscles.  The  spleen  is  closely  related  to  the 
pancreas  in  its  origin,  but  it  is  later  of  being  formed  and  contains  no 
hypoblastic  elements.  In  the  human  foetus  of  about  twelve  weeks  its 
shape  can  be  recognised,  but  the  Malpighian  bodies  are  not  risible  till 
the  middle  of  foetal  life. 

Lymphatic  Glands. — The  development  of  the  mesenteric  lymphatic 
glands  has  been  observed  by  Sertoli  in  mammals.  (Vienna  Acad., 
1866.)  The  blastema  from  which  they  are  produced  is  imbedded  in 
the  mesentery,  and  is  therefore  entirely  mesoblastic.  The  gradual 
differentiation  of  the  blastema  gives  rise  in  succession  to  the  lymph 
spaces,  the  trabecuke  and  the  lymph  cells,  and  the  distinction  follows 
between  inferent  and  efferent  lymphatic  vessels.  The  development  of 
lymphatic  vessels  has  been  described  in  the  General  Anatomy,  p.  191. 

The  Thymus  and  Thyroid  Glands. — The  development  of  these 
bodies  has  been  described  in  an  earlier  part  of  this  volume,  pp.  297 
and  299.  The  thymus  gland  proceeds  entirely  from  mesoblastic  tissue ; 
but,  according  to  the  researches  of  TV.  Muller  (Jenaisch.  Zeitsch., 
1871),  it  would  appear  that  the  thyroid  body  arises  at  first  as  a diver- 
ticulum from  the  pharynx,  and  it  therefore  contains  some  hypoblastic 
•elements. 


DEVELOPMENT  OF  THE  LUNGS  AND  TRACHEA. 

The  lungs  first  appear  as  two  small  protrusions  upon  the  front  of  the 
•oesophageal  portion  of  the  alimentary  canal,  completely  hid  by  the 
rudimentary  heart  and  liver.  These  primitive  protrusions  or  tubercles 
are  visible  in  the  chick  on  the  third  day  of  incubation,  and  in  the 
•embryocs  of  mammalia  and  of  man  at  a corresponding  stage  of  advance- 
ment. Their  internal  cavities  communicate  with  the  oesophagus,  and 
are  lined  by  a prolongation  of  the  hypoblast.  At  a later  period  they 
•are  connected  with  the  oesophagus  by  means  of  a long  pedicle,  which 
ultimately  forms  the  trachea,  whilst  the  bronchia  and  air-cells  are 
developed  by  the  progressive  ramification  of  the  internal  cavity  m the 
form  of  csecal  tubes,  after  the  manner  of  the  ducts  of  glands. 

The  diverticulum  of  hypoblast  is  surrounded  by  a mass  ot  meso- 
blastic cells,  so  that  the  pulmonary  parenchyma,  like  that  of  the  glands, 
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owes  its  origin  to  both  hypoblastic  and  mesoblastic  elements.  The 
substance  of  the  mesoblast,  thickening  round  the  primary  diverticula, 
becomes  penetrated  by  secondary  diverticula  formed  from  the  hypoblast 
processes ; these  are  succeeded  by  tertiary  branches  which  develop  the 
bronchia,  and  ultimately  have  the  air-cells  formed  as  their  terminations. 
The  formative  process  consists  essentially  in  the  budding  of  hypoblastic 
into  mesoblastic  substance ; the  hypoblast  furnishing  the  lining  epi- 
thelium of  the  tubes,  and  the  mesoblast  the  other  tissues,  such  as 
muscular  fibres,  cartilage,  blood-vessels,  elastic  tissue,  &c. 

In  the  formation  of  the  trachea  and  bronchi  the  wall  of  the  primitive 
oesophagus  is  projected  downwards  (or  forwards),  and  by  the  gradual 
folding  in  of  the  sides  a second  median  tube  is  separated  from  the 
primitive  alimentary  canal.  This  new  tube  grows  out  at  its  hinder 
end  so  as  to  bulge  at  the  two  sides,  and  thus  the  commencement  of  a 
right  and  left  bronchus  is  formed.  The  subsequent  division  of  the 
diverticular  hollow  goes  on  by  budding  of  the  hypoblast  from  within 
into  the  masses  of  pulmonary  blastema.  The  division  into  larger  lobes 
externally,  three  in  the  right  and  two  in  the  left  lung,  may  be  seen  at 
a very  early  period  in  the  human  foetus.  As  the  bronchial  subdivision 
extends  within  the  lungs,  a tubercular  or  coarsely  granular  appearance, 
is  seen  over  the  outer  surface,  as  observed  by  Kdlliker  in  the  human 
fetus  in  the  latter  half  of  the  second  month.  This  is  produced  by  the 
primitive  air-cells  placed  at  the  extremities  of  ramified  tubes,  which 
occupy  the  whole  of  the  interior  of  the  organ:  the  ramification  of  the 
bronchial  twigs  and  multiplication  of  air-cells  goes  on  increasing,  and 
this  to  such  an  extent  that  the  air-cells  in  the  fifth  month  are  only 
half  the  size  of  those  which  are  found  in  the  fourth  month. 

Fig.  582. — Sketch  illustrating  the  Deve-  Fig.  582. 

LOPHENT  OE  1 THE  RESPIRATORY  ORGANS 

(from  RatMte).  ^ B 

A,  oesophagus  of  a chick,  on  the  fourth 


tube ; 4,  stomach.  B,  the  same  seen  in  * 
front,  so  as  to  show  both  lungs.  C,  toncrue  1 


clay  of  incubation,  with  the  rudimentary 
lung  of  the  left  side,  seen  laterally  ; 1,  the 
fiont,  and  2,  the  back  of  the  oesophagus  ; 
3,  rudimentary  lung  protruding  from  'that 


and  respiratory  organs  of  embryo  of  the 
horse;  1,  tongue;  2,  larynx;  3,  trachea; 

A I It  Vi  rrci  £ V I • t ' 


4,  lungs  seen  from  behind. 


B,  the  same  seen  in 
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penetrating  into  the  mesoblast  only  on  the  twelfth  day  in  the  chick. 
The  pulmonary  arteries  are  developed  in  mammals  in  connection  with 
the  fifth  branchial  arch  of  the  left  side,  but  the  manner  in  which  they 
become  connected  with  the  vessels  formed  in  the  lung-substance,  and  the 
manner  in  which  a union  is  established  between  the  pulmonary  veins 
and  the  left  auricle  have  not  yet  been  ascertained. 

DEVELOPMENT  OE  THE  HEART  AND  BLOOD-VESSELS. 

In  the  account  of  the  general  phenomena  of  development  the  esta- 
blishment of  the  first  circulation  of  blood,  by  the  simultaneous  formation 
of  the  simple  heart  and  of  the  first  blood-vessels  and  blood  in  the  body 
of  the  embryo  and  in  the  vascular  area  of  the  blastoderm,  has  already 
been  described,  and  in  the  General  Anatomy  (p.  180)  an  account  has 


Fig.  583. 

a b 


Fig.  583. — Outlines  of  the  anterior 

HALF  OF  THE  EMBRYO  CHICK  VIEWED 
FROM  BELOW,  SHOWING  THE  HEART  IN 
ITS  EARLIEST  STAGES  OF  FORMATION 
(after  Remak).  2-° 

A,  Embryo  of  about  20  to  30  Fours  ; 
B,  of  about  36  to  40  hours  ; a,  anterior 
cerebral  vesicle  ; b,  proto-vertebral  seg- 
ments ; c,  amniotic  fold  ; 1,  1,  primitive 
omphalo-mesenterie  veins  entering  the 
heart  posteriorly ; 2,  their  union  in  the 
auricle  of  the  heart  ; 3,  the  middle  part 
of  the  tube  corresponding  to  the  ven- 
tricle ; 4 fin  B)  the  arterial  bulb. 

been  given  of  the  histological 
changes  occurring  in  the  first 
development  of  the  blood-vessels 
and  blood. 


DEVELOPMENT  OP  THE  HEART. 

Origin  of  the  Heart — Simple  Tubular  Form. — The  heart  takes 
its  origin  in  the  form  of  an  elongated  sac  or  dilated  tube  in  the  substance 
of  a thickening  of  the  splanchno-pleurc  layer  of  the  mesoblast,  in  the 
ventral  aspect  of  the  cephalic  portion  of  the  primitive  alimentary  canal, 
immediately  in  front  of  the  fovea  cardiaca.  Doubts  have  existed  as  to 
the  exact  mode  of  production  of  the  cavity  of  the  organ,  but  the  observa- 
tions of  Affanasieff  and  Klein,  and  especially . those  of  Foster  and 
Balfour,  appear  to  show  that  the  substance  in  which  the  first  rudiments 
of  the  heart  arise  is  produced  by  a thickening  of  the  lower  wall  of  the 
mesoblastic  layer  of  the  primitive  intestine,  and  that  the  • cavity  .is 
formed  by  a solution  of  continuity  or  liquefaction  of  this  substance  in 
such  a manner  that,  while  the  outer  cells  constitute  the  foundation  oi 
the  commencing  fibrous  Avails,  a deep  set  of  cells  very  soon  or  from  the 
first  arrange  themselves  in  the  form  of  an  endo-vascular  lining  of  the 
cavity.  The  organ  has  at  first  the  form  of  an  elongated  sac  or  dilated 
tube  of  symmetrical  shape,  widening  out  behind  into  two  lateral 
orifices  each  of  which  is  connected  with  an  omphalo-mesenterie  vein  ol 
its  own  side  bringing  the  nascent  blood  back  from  the  vascular  area, 
while  the  anterior  part  of  the  rudimental  heart  leads  into  two  arterial 
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vessels,  one  of  which  arches  over  each  side  of  the  primitive  pharynx 
and  turns  backwards  below  the  proto-vertebra  to  form  one  of  the  two 
primitive  aortic  tubes.  From  each  of  these  last  the  omphalo-mesenteric 
arteries  pass  otf  into  the  vascular  area. 

According-  to  recent  observations  by  Kcilliker  and  by  Hensen  (loc.  cit.)  a still 
earlier  condition  of  the  heart  has  been  perceived  in  the  embryo  of  mammals  in 
-which  there  are  two  separate  tubes  hollowed  out  of  the  lateral  parts  of  the 
cephalic  fold.  Each  of  these  tubes  is  connected  with  a vein  or  entering  vessel 
posteriorly,  and  an  artery  or  out-going  vessel  anteriorly  : these  slowly  come  to- 
gether and  unite  by  fusion  in  the  middle,  in  a limited  space  at  first,  and  then 
more  and  more  till  the  single  tubular  heart  results.  Each  tube  is  in  relation  with 
the  pleuroperitoneal  cavity  of  its  own  side,  and  when  the  median  fusion  takes 
place,  the  union  of  these  two  becomes  the  pericardium. 


Fig.  584. 


N.C. 


iS  SU?p0Sed  t0  be  made  at  a time  wlien  the  head-fold  has  commenced  but 
the  tad-fold  has  not  yet  appeared.  A,  epiblast  : B,  mesoblast  : C hyuoblaS FSo  l ? 

or  alimentary  c”nTi  'pW^ritonS'Sy.'0'  **«*> 

at  rim  rilhtTsivtl!  !iearfc  1i1-the1f(?m  uo";  described,  exists  in  the  chick 
at  the  thn  ty-sixth  hour  of  incubation,  aud  already,  while  still  consisting 

mrSTf  t7e  cel]sirtidiiffering  greatl?  from  *<>“  composingThe^ther 
Sd  diastole  ZS< ’ fgm.S  t0  exbibifc  motions  of  alternating  systole 
“ the Ttrf  l0nS  Thlch  begin  behind  and  Pass  forward 

fectly  formed  blood  is  propelled  through  the  cavity  q 7 P 

lose  the' 'sTmmZio^f  h.  ^ now  undergoes  causes  it  to- 

from  the  lower  side  nTH*11  ’ ^ midcde  Part  now  becomes  detached 

forwards  in  the  hod  \ ie  .fj hmentary  canal,  and  projects  downwards  (or 
embiyo  })  Wlth  an  indinati°n  to  the  right  side  of  the 

°n  thefTentl;a’  aspect.by  a 
vening  between  the  wall  J f 5 1 ! Pleur°-pentoneal  space  inter- 

somato-pleure  forming  ihe  thortlc  wall  “ BPto<*”°:PlOT^  the- 
cardial  sac.  racicwalL  This  cavity  becomes  the  pen- 

As  the  development  of  the  tubular  heart  progresses,  the  bend 

3 e 2. 
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increases,  and  the  venous  is  doubled  back  upon  the  arterial  end.  The 
tube  also  becomes  divided  by  two  slight  constrictions  into  three 

Fig.  585. — Human  Embryos 

AT  DIFFERENT  EARLY  STAGES 
OF  DEVELOPMENT,  SHOWING 

the  Heart  in  its  tubular 

CONDITION. 

A,  upper  Half  of  the  body  of 
a human  embryo  of  three  weeks, 
viewed  from  the  abdominal  side 
(from  Coste) ; a,  frontal  plate ; 
b,  protovertebrse,  on  which 
the  primitive  aortas  are  lying  ; 
3,  the  middle  of  the  tube  of  the 
heart,  below  it  the  place  of  en- 
trance of  the  great  veins,  above 
it  the  aortic  bulb. 

lateral  view  of  a human 
embryo  more  advanced  than  that 
last  referred  to,  and  somewhat  imperfectly  developed  (from  A.  Thomson);  a,  the  frontal 
part  of  the  head  ; b,  the  vertebral  column  ; v,  the  wide  communication  of  the  umbilical 
vesicle  or  yolk-sac  with  the  intestine ; u,  communication  with  the  allantois  or  urachus ; 2, 
auricular  part  of  the  heart  connected  with  the  veins  posteriorly ; 3,  ventricular  part  of 
the  bent  tube ; 4,  the  aortic  bulb  ; near  the  extremities  of  the  tube  the  divided  pen- 
cardium  is  seen. 

portions,  of  which  that  originally  posterior  and  receiving  the  veins  is 
the  widest,  and  constitutes  the  primitive  auricle  ; the  middle  one,  next 


Fig.  585. 


Fig.  586. 


Fig.  586.- 


-Diagrammatic  Outlines  of  tiie  Heart  and  First  Arterial  Vessels 
OF  THE  Embryo,  as  seen  from  the  Abdominal  Surface. 

A at  a period  corresponding  to  the  36th  or  38th  hour  of  incubation  in  the  chick ; 
V nnd  C at  the  48th  hour  of  incubation  ; 1,  1,  primitive  veins  ; 2,  auricular  part  of  the 
!’’ “(l  o’  ventricular  part;  4,  aortic  bulb  ; 5,  5,  the  primitive  aortic  arches,  and  then 
Cl  ■ ’ descending  aorta  ; these  vessels  are  still  separate  in  their  whole  extent  in 

rTTlter  period  as  shown  more  fully  in  C,  have  coalesced  into  one  tube  in  a part 
it  (w  rtghm  1 in  B,  below  tl,e  upper  5,  the  second  aortic  arch  .s  formed,  aad 
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farther  down  the  dotted  lines  indicate  the  position  of  the  succeeding  arches  to  the  number 
of  five  in  all ; 5',  5',  the  continuation  of  the  main  vessels  in  the  body  of  the  embryo  ; 
6,  6,  the  omplialo-mesenteric  arteries  passing  out  of  the  body  of  the  embryo  into  the  vas- 
cular area  of  the  germinal  membrane. 

in  width  and  most  strongly  bent  upon  itself,  becomes  the  ventricular 
portion  ; and  the  third,  situated  anteriorly  and  retaining  most  the 
simple  tubular  form,  is  the  arterial  or  aortic  bulb.  This  tubular  stage 
of  the  rudimental  heart  has  been  observed  in  the  human  embryo  by 
Coste  and  Allen  Thomson  (see  fig.  585,  A and  B). 

Division  into  Single  Auricle,  Ventricle,  and  Arterial  Bulb. — 
By  a continued  increase  of  the  inflection  of  the  heart-tube,  a change 
in  the  relative  position  of  the  several  parts  is  effected,  so  that  the 
auricular  cavity  comes  to  be  placed  above  or  behind  (dorsally)  and  to 
the  left  of  the  ventricular  part,  the  veins  being  carried  forwards  along 
with  it,  while  the  arterial  bulb  is  attached  by  its  extremity  in  front  to 
the  neck  of  the  embryo  immediately  behind  the  lower  visceral  plates. 
There  is  as  yet  only  a single  passage  through  the  heart,  but  the  dis- 
tinction of  the  auricular  and  ventricular  cavities  becomes  more  appa- 
rent, both  by  an  increase  in  the  diameter  of  each,  and  by  the  constric- 
tion which  separates  them,  and  by  the  much  greater  thickness  acquired 
by  the  walls  of  the  ventricular  and  bulbous  parts  as  compared  with  the 
auricular  portion. 

The  three  parts  of  the  heart  have  now  the  appearance  of  being  veiy 
closely  twisted  together.  The  ventricular  part  becomes  considerably 
wider  transversely,  and  the  auricular  part  shows  two  projecting  pouches, 
one  on  each  side  of  the  arterial  bulb,  which  are  the  first  indications  of 
the  future  auricular  appendages.  At  the  same  time  the  constriction 
between  the  auricular  and  ventricular  parts  increases  considerably,  and 
the  constricted  part  elongating  produces  what  has  been  called  the 
canalis  auricularis. 

Division  of  the  Cavities.  Ventricles. — The  next  series  of  changes 
in  the  developing  heart  consists  in  the  division  of  each  original  single 
cavity  of  the  ventricle,  auricle,  and  arterial  bulb  into  two  compart- 

Fig.  587. — Head  op  the  Embryo  op  the  Dog  with  the 

Heart  seen  from  below  (from  Ivolliker,  after  Bischoff). 

Magnified. 

a,  cerebral  hemispheres ; b,  eyes ; c,  midbrain ; d,  inferior 
maxillary  plates  ; e,  superior  maxillary  processes  ; /,  f,  f", 
second,  third,  and  fourth  branchial  or  visceral  plates  ; g, 
right,  h,  left  auricle  of  the  heart  ; k,  right,  i,  left  ventricle  ; 
l,  aortic  or  arterial  bulb,  with  three  pairs  of  aortic  or  vascular 
arches  protruding  from  it. 

ments,  so  as  to  form  the  right  and  left  ventricles 
and  auricles,  and  the  stems  of  the  pulmonary 
artery  and  aorta.  The  first  of  these  changes 
occurs  m the  ventricular  portion,  and  is  to  be 
seen  m progress  on  the  fourth  day  in  the  chick, 
and  the  sixth  and  seventh  week  in  the  human 
embryo.  The  ventricular  chamber  of  the  heart, 
increasing  considerably  in  breadth,  that  part  of 
it  which  ultimately  becomes  the  apex  of  the 
heart  is  thrown  towards  the  left  side,  and  in  most  mammals,  and 
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especially  in  the  human  embryo,  a blunt  cleft  or  depression  appears 
between  this  and  the  right  part  of  the  ventricle,  which  causes  an 
external  division  into  two  portions  corresponding  to  the  future  right 
and  left  ventricles ; and  if  the  interior  of  the  ventricular  cavity  be 
examined  at  this  time,  there  is  perceived  a crescentic  partition  rising 
from  the  anterior  or  lower  border  of  the  right  wall  and  projecting  into 
the  cavity,  at  first  narrow  and  placed  opposite  the  external  notch,  but 
gradually  growing  more  and  more  towards  the  auriculo-ventricular 
aperture.  As  development  progresses  the  external  division  becomes  more 
or  less  effaced,  when  the  apex  of  the  heart  formed  by  the  left  ventricle 
becomes  more  pointed,  and  the  whole  heart  takes  more  of  the  conical 
form  which  belongs  to  its  more  advanced  condition  ; but  the  depression 
is  still  perceptible  as  the  interventricular  groove  of  the  adult  heart, 
which,  as  is  well  known,  varies  considerably  in  depth  in  different  cases. 
In  some  animals,  as  the  rabbit,  the  temporary  external  division  of  the 
ventricles  is  greater  than  in  the  human  embryo,  while  in  others,  as  in 
ruminants,  there  is  very  little  of  the  external  notching,  and  in  them,  as 
in  birds,  the  heart  very  early  assumes  the  conical  form.  The  dugong 
presents  a remarkable  example  of  the  persistence  of  the  complete  ex- 
ternal separation  of  the  ventricles,  and  there  appears  to  be  a tendency 
to  the  occasional  occurrence  of  the  same  in  the  seal. 

The  internal  septum  of  the  ventricles  continuing  to  rise  between  the 
right  and  left  divisions  of  the  cavity,  reaches  at  last  the  base  where  it 
is  placed  in  relation  with  both  the  auriculo-ventricular  orifice  and  the 
root  of  the  arterial  bulb  ; but  at  this  place  there  remains  for  a time  a 
communication  over  the  still  free  border  of  the  septum  between  the 
right  and  left  ventricles,  which  is  interesting,  as  this  is  the. seat  of 
the  abnormal  communication  between  the  right  and  left  ventricles  in 
almost  all  cases  of  malformation  of  the  heart  presenting  that  condition. 

Division  of  the  Auricles.— Although  the  auricular  cavity  presents 
externally  some  appearance  of  being  divided  into  two  at  a period  ante- 
cedent to  the  partition  of  the  ventricles,  in  consequence  of  the  forma- 
tion of  the  right  and  left  auricular  appendages  before  mentioned,  the 
internal  division  of  the  cavity  does  not  take  place  till  some  time  later, 
as  on  the  fifth  and  sixth  days  in  the  chick,  and  in  the  eighth  week  in 
the  human  embryo.  The  auricular  septum  commences  as  an  internal 
fold  proceeding  from  the  anterior  wall  of  the  common  cavity,  and 
starting  from  the  septum  of  the  ventricles,  it  grows  backwards  towards 
the  entrance  of  the  common  vein  or  sinus,  but  stops  short  of  it 
some  distance.  For  a time,  therefore,  the  veins  enter  the  back  part  of 
the  auricular  cavity  in  common.  It  is  proper  to  explain,  however,  that, 
by  the  time  at  which  the  auricular  septum  is  forming,  the  venous 
sinus  has  been  modified  so  as  to  produce  three  veins  entering,  the 
auricle  at  its  back  part.  Of  these,  two  correspond  with  the  right 
superior  cava  and  the  inferior  cava  veins,  and  the  third  to  the  left 
superior  cava  and  connected  with  what  afterwards  becomes  the  coronary 
sinus.  For  a time,  all  the  three  vessels  open  so  as  to  communicate 
freely  with  the  whole  auricular  cavity.  But  changes  now  occur  which 
cause  the  left  superior  cava  and  the  inferior  cava  to  be  directed  towards 
the  left  side,  while  the  right  superior  cava  is  placed  more  immediately 
in  connection  with  the  right  part  of  the  auricular  cavity. 

The  auricular  septum,  in  extending  itself  backwards,  is  not  completed, 
ut  leaves  an  oval  deficiency  in  its  lower  and  middle  part,  as  the 
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foramen  ovale,  and  tlie  inferior  cava  opens  immediately  behind  this. 
'Some  time  later  in  the  human  embryo,  or  in  the  course  of  the  tenth  or 
eleventh  weeks,  two  new  folds  make  their  appearance  in  the  auricles 
posteriorly.  One  of  these  constituting  the  Eustachian  valve,  of  a 


Fig.  588.  — Shows  the  position  and 

FORM  OF  THE  HEART  IN  THE  HUMAN 

Embryo  from  the  Fourth  to  the  Sixth 

WEEK. 

A,  upper  half  of  the  body  of  a human 
embryo  of  nearly  four  weeks  old  (from 
Kolliker  after  Coste)  ; B and  C,  anterior 
and  posterior  views  of  the  heart  of  a human 
embryo  of  six  weeks  (from  Kolliker  after 
Ecker) ; a,  frontal  lappet ; h,  mouth  ; c, 
below  the  lower  jaw  and  in  front  of  the 
second  and  third  branchial  arches  ; d, 
upper  limb  ; e,  liver ; f,  intestine  cut 
short  ; 1,  superior  vena  cava  ; 1',  left 

superior  cava  or  bracliio-cephalic  connected 
with  the  coronary  vein  ; 1",  opening  of  the 
inferior  vena  cava ; 2,  2',  right  and  left 

auricles  ; 3,  3',  right  and  left  ventricles  ; 

4,  aortic  bulb. 

crescentic  form,  is  placed  to  the  right  of  the  entrance  of  the  inferior 
vena  cava,  and  in  the  angle  between  it  and  the  orifice  of  the  left  supe- 
rior cava  (or  great  coronary  sinus),  and  besides  separating  these  two 
veins,  and  thus  throwing  the  opening  of  the  left  superior  cava  into 
communication  with  the  right  auricle,  this  fold,  as  it  runs  forward  into 
the  annulus  ovalis  or  border  of  the  anterior  auricular  septum,  has  the 
effect  of  deepening  the  entrance  of  the  inferior  cava  into  a groove 
which  lies  close  to  the  foramen  ovale,  and  directs  the  blood  entering  by 
that  vessel  through  the  passage  into  the  left  auricle. 

The  other  fold  referred  to  advances  from  the  posterior  wall  of  the 
common  auricle  to  meet  the  anterior  auricular  septum,  but  yet  to  the  left 
of  the  border  of  the  foramen  ovale.  To  this  border,  however,  it  adheres 
as  it  grows  forwards,  and  thus  gradually  fills  up  the  floor  of  the  fossa 
ovalis.  Up  to  the  middle  of  foetal  life,  this  posterior  septum  being 
incomplete,  there  is  a direct  passage  from  right  to  left  through  the 
foramen  ; but,  after  that  period,  the  fold  in  question,  having  advanced 
beyond  the  anterior  border  of  the  annulus  ovalis  and  lying  to  the  left, 
it  does  not  adhere  to  this  or  the  fore  part  of  the  annulus,  but  leaves  a 
passage  between,  and  appears  as  a crescentic  fold  in  the  left  auricle, 
which,  as  it  passes  beyond  the  annulus,  constitutes  a very  perfect  valve 
against  the  return  of  blood  from  the  left  into  the  right  auricle. 

Division  of  tlie  Arterial  Bulb. — The  third  important  change 
occurring  in  the  heart  belongs  to  the  arterial  bulb,  by  which  there  are 
developed  from  this  tube  the  first  parts  or  main  stems  of  the  pulmonary 
artery  and  the  aorta.  Within  the  thick  walls  of  this  arterial  tube 
there  is  at  first  only  a single  cylindrical  cavity,  continued  from  the 
originally  single  ventricle  ; but,  a short  time  after  the  partition  of  the 
ventricular  cavity  has  commenced,  or  in  the  seventh  week  of  the  human 
embryo,  a division  of  the  bulb  by  an  independent  process  begins  to 
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take  pLiee  This  consists  in  the  projection  inwards  of  a lateral  fold 

0 • { ,'C  wal!  011  *he  Jwo  sidcs>  affecting,  however,  only  the  inner  and 
middle  coats,  and  not  perceptible  externally;  bo  as  to- divide  the  cavitv 
ot  the  bulb  into  two  channels,  which  may  be  described  as  respectively 
anterior  and  posterior,  but  which  from  the  spiral  direction  taken  by 
the  folds  are  somewhat  twisted  on  each  other,  so  that  the  channel  which 
aP  ,‘c  ventncular  end  is  placed  anteriorly  becomes  connected  with  the 
right  ventricle  and  forms  the  pulmonary  stem,  and  that  which  is  placed 
posteriorly  becomes  connected  with  the  left  ventricle  and  forms  the 
commencement  of  the  aorta.  In  the  distant  portion  of  the  bulb,  how- 
cvei,  the  pulmonary  channel  is  situated  to  the  left  and  posteriorly,  and 
the  aortic  channel  is  to  the  right  and  most  forwards,  and  at  this  end 
these  channels  are  respectively  connected  with  different  aortic  arches, 
giving  lise  to  the  permanent  pulmonic  and  systemic  vessels  in  the 
manner  afterwards  described. 

It  is  further  to  be  noted  that  the  partition  of  the  bulb  begins  at  the 
remote  extremity,  and  progresses  towards  the  ventricles.  There  is  a 
^me>  ^ie1re^ore’  duidn8'  which  the  ventricular  septum,  and  the  septum 
of  the  bulb,  advancing  towards  each  other,  are  incomplete  and  disunited  ; 
and  from  the  difference  in  their  direction  it  is  obvious  that  there  must 
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Fig.  589. — View  of  the  Front  and  Right  Side  of  the  Fcetal  Heart,  at  four 

MONTHS,  THE  RIGHT  AURICLE  BEING  LAID  OPEN  (from  Kilian). 

a,  the  right  auriculo-ventricular  opening  ; b,  a probe  passed  up  the  vena  cava  inferior 
and  through  the  fossa  ovalis  and  foramen  ovale  into  the  left  auricle  ; c,  vena  cava  inferior  ; 
c,  Eustachian  valve  ; v,  valve  of  the  foramen  ovale  ; s',  vena  cava  superior. 


Fig.  590. — View  of  o;he  Posterior  and  left  surface  of  the  Heart  of  a Fcetus 

OF  FOUR  MONTHS,  THE  LEFT  AURICLE  BEING  OPENED  (from  Kilian). 

a , left  auricul o -ventricular  orifice  ; c,  inferior  vena  cava,  through  which  a probe  b,  is 
passed  from  below,  and  thence  by  the  foramen  ovale  into  the  left  auricle ; c,  left  auricular 
appendage  laid  open  ; o,  valve  of  the  foramen  ovale  seen  to  he  attached  to  the  left  side  of 
the  annulus  ovalis  of  the  septum. 
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be  a peculiar  twist  of  one  or  both,  in  order  that  they  may  finally  unite 
so  as  to  become  continuous. 

The  completion  of  the  partition  of  the  aortic  and  pulmonary  stems 
is  afterwards  effected  by  the  progress  of  the  division  from  within  out- 
wards through  the  external  walls  of  the  tubes ; but  the  two  vessels 
remain  united  externally  by  a common  envelope  of  pericardium. 

The  remarkable  cases  sometimes  observed  of  abnormal  transposition 
of  the  two  great  arterial  stems  from  their  natural  connection  with  their 
respective  ventricles  may  be  explained  by  reference  to  the  history  of  the 
development  of  the  parts  of  the  heart  before  given. 

Formation  of  tlie  Valves. — The  formation  of  the  auriculo-ventri- 
cular  and  semilunar  valves  begins  during  the  time  of  the  changes 
previously  described  by  the  projection  of  thick  folds  from  the  inner 
wall  of  the  heart.  In  the  case  of  the  semilunar  valves  the  trifid  divi- 
sion is  early  perceived,  but  the  cavities  or  sinuses  within  the  valves 
are  late  of  being  developed.  In  the  auriculo-yentricular  valves  there 
is  at  first  an  entire  or  annular  projecting  fold  of  the  inner  substance 
round  the  orifice,  and  this  becomes  gradually  divided  into  segments, 
and,  the  chordae  tendineas  arej  gradually  produced  by  perforation  of  the 
valve  jfiate.  (See  Tonge  in  Proceed.  Roy.  Soc.,  1868.) 

The  manner  in  which  the  pulmonary  veins,  which  are  formed 
separately  in  the  lungs,  come  to  be  connected  with  the  left  auricle  has 
not  yet  been  ascertained. 

No  further  important  changes  occur  in  the  internal  structure  of  the 
heart,  but  there  are  some  which  affect  the  external  form  and  thickness 
of  its  walls.  In  early  foetal  life  the  size  of  the  heart  bears  a consider- 
ably  greater  proportion  to  that  of  the  body  than  at  a later  period.  At 
birth  it  is  still  proportionally  large.  For  some  time  the  auricular 
portion  remains  more  voluminous  than  the  ventricular,  but  in  the  latter 
half  of  foetal  life  the  permanent  proportion  is  more  nearly  established. 
The  walls  of  both  ventricles  are  also  thicker  than  in  after  life,  and  it  is 
especially  deserving  of  notice  that  the  wall  of  the  right  is  up  to  near 
the  time  of  birth  quite  as  thick  as  that  of  the  left, — a peculiarity 
which  may  be  connected  with  the  office  of  the  right  ventricle  to  propel 
the  blood  of  the  foetus  through  the  extended  course  of  the  ductus  arte- 
riosus, the  descending  aorta  and  the  placental  circulation. 


DEVELOPMENT  OP  THE  BLOOD-VESSELS. 

,^he  Principal  Arteries.  The  Aorta.— The  most  interesting  part 
ol  this  history  is  that  relating  to  the  development  of  the  aorta  and  the 
laigm  vessels  arising  from  it.  The  double  condition  of  the  main  trunk 
ol  the  aorta  has  already  been  referred  to  as  existing  in  the  chick  up  to 
neai  ie  end  of  the  second  day.  About  the  fortieth  hour  the  median 
fusion  or  coalescence  of  the  two  vessels  begins  to  take  place  in  the 
oi sa  legion,  by  their  external  union,  at  first  in  a very  limited  space, 
and  very  soon  afterwards  by  the  formation  of  a perforation  through 

i'(’ll,i]lun_.ct  wa,  s‘  f le. ™ion  of  the  two  vessels  which  begins  in  the 
i region  extends  itself  backwards  towards  the  lumbar  vertebras,  and 
wicni  leac  les  the  place  where  the  omphalo-mesenteric  arteries  pass 
on  on  eac  side,  these  vessels,  each  of  which  was  originally  the  con- 
mua  ion  merely  of  one  of  the  aortas,  appear  now  as  branches  of  a single 
and  median  aorta.  Ihe  iliac  vessels  are  the  next  large  vessels  formed 
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from  the  hinder  part  of  the  aorta.  The  first  vessels  belonging  to  these 
trunks  arc  not,  however,  those  of  the  lower  limbs,  for  these  are  not  yet 


Fig.  591. — Transverse  Section  through  the  Dorsal  Region  op  an  Embryo-Chick 
op  the  Second  Day  (from  Foster  and  Balfour,  after  His). 

M,  medullary  canal ; Pv,  proto-vertebral  column  ; w,  rudiment  of  Wolffian  duct  in  the 
intermediate  mass ; Ch,  notochord  ; Ao,  one  of  the  two  aortas  ; A,  epiblast  ; C,  hypo- 
blast ; PC,  splanchnopleure ; Pp,  pleuroperitoneal  space. 

formed  ; but  the  umbilical  or  hypogastric  arteries,  developed  at  a very 
early  period  in  connection  with  the  allantois,  and  subsequently  attain- 

Fig.  592. 
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Fi<T.  592. Transverse  section  through  the  Dorsal  region  op  an  Embryo  Chick, 

end  of  Third  Day  (from  Foster  and  Balfour). 

Am,  amnion  ; mp,  muscle  plate  ; CV,  cardinal  vein;  Ao,  dorsal  aorta  at  the  point 
where  its  two  roots  begin  to  join  ; Ch,  notochord  (the  line  does  not  quite  reach  it)  ; Wa,  | 
Wolffian  duct-  Wh,  commencement  of  formation  of  Wolffian  body;  cp,  epiblast ; so, 
somatopleure  Sp,  splanchnopleure  ; hy,  hypoblast.  The  section  passes  through  t ie 
place  where  the  alimentary  canal  (hy)  communicates  with  the  yolk-sac. 
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mg  to  a large  size  along  with  the  growth  of  the  placenta.  As  the 
limbs  are  formed,  arteries  are  developed  in  them,  and  these  are  branches 
of  the  main  aorta  ; but  they  are  for  a long  time  comparatively  small, 
while  the  umbilical  arteries  speedily  attain  a large  size,  so  that,  even  up 
to  the  conclusion  of  foetal  life,  they  appear  to  form  the  principal  part  of 
the  two  large  vessels  into  which  the  aorta  divides  at  its  lower  extremity. 
The  middle  sacral  artery  may  be  looked  upon  as  the  continuation  of  the 
median  stem  of  the  aorta,  and  probably  originates  from  a double  vessel 
in  the  same  manner  as  the  aorta  itself. 

The  double  state  of  the  main  aorta  when  first  formed  in  the  foetus  was  dis- 
covered by  Serres,  and  described  by  him  in  his  4th  Memoir  on  Transcendental 
Anatomy  (Annal.  des  Scien.  Nat.,  1830),  but  was  doubted  by  Yon  Baer,  as 
Series's  observations  did  not  show  the  relation  of  the  primitive  trunks  of  the 
aorta  to  the  pharyngeal  vascular  arches.  The  fact  of  the  original  double  condi- 
tion was,  however,  placed  beyond  doubt  by  Allen  Thomson  (Edin.  New  Philos. 
Journal,  1830)  by  the  method  of  tranverse  sections,  then  first  employed  as  a 
means  of  embryological  investigation,  and  the  process  of  median  union  was 
traced  in  full  detail.  The  relation  of  this  process  to  the  occurrence  of  a perma- 
nent double  canal  in  the  aorta  as  a malformation,  as  described  by  Vrolik.  Schroder 
van  der  Kolk  and  Cruveilhier,  and  observed  in  at  least  one  case  by  Allen  Thomson, 
has  already  been  referred  to  in  vol.  i.,  p.  350. 

According  to  Serres,  the  vertebral  arteries  within  the  cranium  are  originally 
separate,  and  the  basilar  artery  results  from  their  mesial  union  or  fusion  in  the 
same  manner  as  occurs  in  the  aorta,  and  the  median  union  of  the  anterior  cere- 
bral arteries  in  the  forepart  of  the  Circle  of  Willis  is  another  example  of  the 
same  process.  It  seems  probable  that  the  internal  cross  band  observed  by  John 
Davy  in  the  interior  of  the  basilar  artery  (Researches  Physiol,  and  Anatom., 
1839,  p.  301)  may  be  a remains  of  the  septum  or  united  walls  of  the  two  vertebral 
arteries. 

Aortic  or  Branchial  Arches. — The  two  primitive  arterial  arches 
which  lead  into  the  dorsal  aorta  from  the  arterial  bulb  of  the  rudi- 
mentary heart,  at  the  time  of  the  establishment  of  the  first  circulation, 
are  the  most  anterior  of  a series  of  five  pairs  of  vascular  arches  which 
are  developed  in  succession  round  this  part  of  the  pharynx  ; and  which, 
since  their  discovery  by  Rathke  in  1825  (Oken’s  Isis,' 1825)  have  been 
regarded  with  much  interest,  as  corresponding  with  those  vessels  which 
are  the  seat  of  development  of  the  subdivided  blood-vessels  of  the  gills  in 
fishes  and  amphibia.  These  vascular  arches  thus  exhibit  in  the  amniota, 
along  with  the  branchial  or  pharyngeal  clefts  and  visceral  plates,  a typical 
lesemblance  to  the  structure  of  gills,  although  no  full  development 
ol  these  respiratory  organs  occurs  in  such  animals,  but  they  furnish  by 
their  various  transformations  the  basis  of  formation  of  the  permanent 

pulmonary  and  aortic  stems  and  the  main  vessels  to  which  thev  give 
rise.  J & 

Ihe  form  and  position  of  the  primitive  aortic  arches,  up  to  the  time 
o icii  transformation  into  permanent  vessels,  is  nearl}7  the  same  in 
icpti.es  birds  and  mammals  ; and  the  main  dilferences  in  the  seat  and 
clistri  nition  ot  the  large  permanent  vessels  are  to  be  traced  to  changes 
m the  openness  and  extent  of  growth  of  the  several  arches.  The  five 
pans  o arches  do  not  all  co-exist  at  the  same  time,  for  they  are  deve- 
loped in  succession  from  before  backwards,  and  by  the  third  day  of 
incubation,  or  by  the  corresponding  period  of  the  fourth  week  in  the 
human  embno,  when  the  posterior  arches  have  been  formed,  already  a 
pait  oi  the  anterior  arches,  beginning  with  the  first  one,  has  become 
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obliterated.  Each  of  the  first  four  branchial  arches  occupies  a place  in 
the  substance  of  the  pharyngeal  or  visceral  plates,  and  in  front  of  one  - 
of  the  pharyngeal  clefts.  The  first  or  anterior  is  therefore  situated  in 
the  inferior  maxillary  plate,  and  in  front  of  the  tympano-Eustachian,  or 
first  pharyngeal  cleft  ; and  the  fifth  arterial  arch  is  placed  behind  the 
fourth  pharyngeal  cleft,  and  in  the  substance  of  the  neck,  in  which  there 
is  no  distinct  bar  or  plate  in  the  higher  animals,  but  which  is  the  seat 
of  a developed  branchial  bar  in  some  aquatic  animals. 

The  vessels  forming  the  arterial  arches  are  given  off  on  each  side  in 
succession  from  two  short  canals,  into  which  the  primitive  arterial  bulb 
divides  immediately  in  front  of  the  place  where  it  joins  the  neck. 
These  may  be  named  the  lower  (ventral)  or  anterior  aortic  roots  ; and 
similarly,  when  they  have  passed  round  the  wall  of  the  pharynx,  the 
branchial  arches  unite  in  succession  into  a vessel  on  each  side,  thus 
forming  the  upper  (dorsal)  or  posterior  aortic  roots. 

On  the  third  and  fourth  days  in  the  chick,  and  from  the  fourth  to 
the  sixth  week  in  the  human  embryo,  there  are  still  three  complete 
pairs  of  arterial  arches  passing  round  the  pharynx,  and  connected  both 
before  and  behind  with  the  anterior  and  posterior  aortic  roots  previously 
mentioned.  The  transformations  of  these  arches  were  in  part  traced 
by  Yon  Baer  and  various  other  observers,  but  the  fuller  knowledge  of 
their  changes  is  due  to  the  later  researches  of  Rathke  (Mem.  of 


Fig.  593.  Fig.  593. — Diagram  op  the  Aortic  or 

Branchial  Vascular  Arches  op  the 
Mammal,  with  their  transformations 
GIVING  RISE  TO  THE  PERMANENT  ARTERIAL 
Vessels  (according  to  Rathke,  slightly 
altered). 

A,  P,  primitive  arterial  stem  or  aortic 
hulb,  now  divided  into  A,  the  ascending 
part  of  the  aortic  arch,  and  P,  the  pul- 
monary ; a,  the  right ; a',  the  left  aortic 
root  ; A',  the  descending  aorta.  On  the 
right  side,  1,  2,  3,  4,  5,  indicate  the  five 
branchial  primitive  arterial  arches  ; on  the 
left  side,  I,  II,  III,  IV,  the  four  branchial 
clefts,  which,  for  the  sake  of  clearness,  have 
been  omitted  on  the  right  side.  It  will  be 
observed,  that  while  the  fourth  and  fifth 
pairs  of  arches  rise  from  the  part  of  the 
aortic  bulb  or  stem,  which  is  at  first  un- 
divided, the  first,  second,  and  third  pairs 
are  branches  above  c,  of  a secondary  stem 
on  each  side.  The  permanent  systemic 
vessels  are  represented  in  deep  shade,  the 
pulmonary  arteries  lighter  ; the  parts  of 
the  primitive  arches,  which  have  only  a 
temporary  existence,  are  drawn  in  outline  only,  c,  placed  between  the  permanent  com- 
mon carotid  arteries  ; ce,  the  external  carotid  arteries  ; ci,  ci!,  the  right  and  left  internal 
carotid  arteries  ; s,  the  right  subclavian  rising  from  the  right  aortic  root  beyond  the 
fifth  arch  - v the  right  vertebral  from  the  same  opposite  the  fourth  arch;  v,s,  tne 
left  vertebral  and  subclavian  arteries  rising  together  from  the  left  or  permanent  aortic 
root  opposite  the  fourth  arch  ; P,  the  pulmonary  arteries  rising  together  from  the  left 
fifth  arch  ■ cl  the  outer  or  back  part  of  the  left  fifth  arch,  forming  the  ductus  arteriosus , 
pn  pn'  the’  right  and  left  pneumogastric  nerves,  descending  m front  of  the  aortic 
arches,  with  their  recurrent  branches  represented  diagrammatically  as  passing  behini , 
with  a view  to  illustrate  the  relations  of  these  nerves  respectively  to  the  light  subcl.u  a 
artery  (4)  and  the  arch  of  the  aorta  and  ductus  arteriosus  (d). 
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Vienna  Acad.,  1857),  and  although  some  rpoints  are  still  left  in 
doubt,  their  history  may  now  be  given  from  these  observations,  and  the 
supplemental  illustration  derived  from  the  investigation  of  the  various 
examples  of  congenital  malformation,  the  greater  number  of  which  are 
manifestly  related  to  variations  in  the  natural  mode  of  transformation. 
This  will  be  explained  by  reference  to  the  diagram  in  fig.  593. 

From  these  researches  it  appears  that  the  permanent  vessels  owe 
their  formation  to  the  persistence  of  certain  of  the'  foetal  arches  or 
parts  of  them,  while  other  arches  or  portions  of  them  become  oblite- 
rated and  disappear.  Thus  it  is  ascertained  that  in  mammals  the  main 
aortic  arch,  which  in  the  adult  passes  to  the  left  of  the  trachea  and 
gullet,  is  formed  by  the  persistence  of  the  fourth  embryonic  arterial  arch 
of  the  left  side,  which  not  only  remains  patent,  and  becomes  con- 
nected with  the  aortic  stem  of  the  arterial  bulb,  but  keeps  pace  by  its 
increased  width  and  the  development  of  its  walls  with  the  rate  of  growth 
in  the  other  parts  of  the  body,  so  that  it  soon  surpasses  all  the  rest 
of  the  arches  in  its  width  of  calibre  and  thickness  of  its  walls.  In 
birds,  however,  the  permanent  aortic  arch  passes  to  the  right  of  the 
trachea  and  gullet,  and  it  is  formed  by  the  persistence  of  the  fourth 
embryonic  arch  of  the  right  side ; while,  in  all  reptiles,  as  there  are 
two  permanent  aortic  arches,  it  is  by  the  persistence  of  both  the  right 
and  left  foetal  arches  that  the  two  aortas  are  produced,  the  right 
being  that  which  is  most  directly  connected  with  the  systemic  or  left 
ventricle. 

The  pulmonary  arteries  of  mammals  would  appear  by  Rathke’s 
observations  to  be  developed  in  connection  with  only  one  foetal  arterial 
arch,  viz.,  the  fifth  of  the  left  side,  from  the  middle  part  of  which 
they  appear  as  branches,  and  the  whole  fifth  arch  of  the  right  side 
undergoes  rapid  atrophy  and  ultimate  obliteration.  The  first°part  of 
the  left  fifth  arch,  becoming  the  common  pulmonary  artery,  is  connected 
with  that  division  of  the  arterial  bulb  which  is  separated  as  the  pulmo- 
nary stem  ; but  the  remote  part  of  this  arch  also  remains  fully  patent, 
and  undergoing  equally  with  the  rest  of  it  full  development,  continues 
to  lead  into  the  left  root  of  the  aorta  as  ductus  arteriosus  Botalli. 
which  serves  to  convey  the  blood  from  the  right  ventricle  of  the  foetal 
heart  into  the  descending  aorta,  but  becomes  obliterated  at  the  time  of 
birth. 


This  duct  is  therefore  in  mammals  due  to  a persistent  condition  of 
the  fifth  left  branchial  arch.  But,  in  birds  and  reptiles,  it  appears  that  the 
process  of  transformation  is  somewhat  different,  for  in  them  the  rmht 
and  left  pulmonary  arteries  (excepting  in  those  serpents  in  which  there 
is  only  one  lung  developed)  are  formed  in  connection  with  the  respec- 
tive right  and  left  fifth  branchial  arches,  and  there  are  thus  two  ductus 
ai  eriosi  ruing  foetal  life,  the  short  one  of  the  right  side  corresponding 
to  that  which _is  left  m mammals,  and  the  longer  one  of  the  left  side 
passing  round  the  pharynx  into  the  left  aortic  root.  Both  of  these 
aic  les  aie  o j 1 eiated  at  the  time  of  the  exclusion  of  the  bird  from 

ie  e£8  > u some  reptiles  the  ductus  arteriosi  remain  permanently 
open  during  life.  r J 

The  subclavian  and  vertebral  arteries  were  shown  by  Rathke  to  spring 

1<2  rtlC  T°°tS  afc  a l^ace  between  the  junction  of  the 

fouitli  and  fifth  arches.  In  mammals,  the  vessels  on  the  left  side  are 

from  the  first  m direct  connection  with  the  aortic  root  at  the  place 
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which  they  permanently  occupy  ; hut  upon  the  right  side,  as  the  fourth 
arch  and  the  aortic  root  are  obliterated  posteriorly,  the  passage  for 
blood  from  the  aortic  stem  into  the  subclavian  trunk  is  formed  by  the 
persistence  of  the  forepart  of  the  fourth  right  arch  as  far  as  the  place 
where  it  meets  the  origin  of  the  subclavian  and  vertebral  arteries. 

The  common  carotid  trunks,  occupying  the  region  which  afterwards 
becomes  the  neck,  but  which  is  at  first  absent  or  extremely  short,  are 
formed  by  the  anterior  divisions  of  the  aortic  roots  ; while  the  external 
carotid  artery  is  due  to  the  persistence  of  a channel  in  the  continuation 
of  each  anterior  aortic  root,  and  the  internal  carotid  artery  arises  from 
the  persistence  of  the  crossing  third  arch  and  the  upper  part  of  the 
posterior  aortic  root. 

Thus  it  falls  out  that,  in  man  and  a certain  number  of  mammals,  an 
innominate  artery  is  formed  on  the  right  side  by  the  union  ot  the  first 
part  of  the  fourth  right  aortic  arch  leading  into  the  right  subclavian, 
and  the  right  anterior  aortic  root  which  forms  the  common  carotid  ; 
while,  on  the  left  side,  the  carotid  and  subclavian  vessels  rise  separately 
from  the  permanent  aortic  arch  in  consequence  of  the  distance  lying 
between  them  in  the  original  foetal  condition. 

It  does  not  come  within  the  scope  of  this  chapter  to  describe  the 
further  steps  of  development  of  these  vessels,  nor  to  enter  into  an 
explanation  of  the  manner  in  which  abnormal  position  of  the  arch  of 
the  aorta  and  its  branches,  or  of  the  pulmonary  arteries,  may  be  sup- 
posed to  arise.  For  further  information  on  this  subject  the  reader  is 
referred  to  the  short  account  of  the  varieties  given  in  the  description  of 
the  blood-vessels  in  the  first  volume  of  this  work,  as  well  as  to  the  third 
volume  of  Henle’s  Handbuch,  and  to  the  special  works  of  Tiedemann 
and  Richard  Quain  on  the  Arteries. 


DEVELOPMENT  OP  THE  GREAT  VEINS. 

In  the  early  embryo,  before  the  development  of  the  allantois  a right  and  a 
left  omphalo-mesenteric  vein  bring  back  the  blood  from  the  walls  of  the  um- 
bilical vesicle,  and  unite  to  form  a short  trunk,  the  meatus  venosus,  which  is 
continued  into  the  auricular  extremity  of  the  rudimentary  heart. 

In  the  first  commencement  of  the  placental  circulation,  or  m the  fourth  y eek 
of  foetal  life,  two  umbilical  veins  are  seen  coming  from  the  placenta,  and  uniting 
to  form  a short  trunk,  which  opens  into  the  common  omphalo-mesentenc  vein. 
Very  soon  the  right  omphalo-mesenteric  vein  and  right  umbilical  vein  disappear. 
In  connection  with  the  common  trunk  of  the  umbilical  and 

veins,  two  sets  of  vessels  make  their  appearance  m the  youn0  liver.  Those 
furthest  from  the  heart,  named  vence  hepaticce  advehentes  become  the  rig  t an 
left  divisions  of  the  portal  vein  ; the  others  are  the  hepatic  veins,  vena  Ti^at  _ 
revchcntcs.  The  portion  of  vessel  intervening  between  those  two  sets  of  veins 
forms  the  ductus  venosus,  and  the  part  above  the  hepatic  vem.  being  su  . 
ciuently  -joined  by  the  ascending  vena  cava,  forms  the  upper  extremi  y 
vein  Into  the  remaining  or  left  omphalo-mesenteric  vem,  open  e nie. 
teric'  and  splenic  veins.  The  part  above  the  latter  forms  the  trunk  of  the  porta 
nnd  the  portion  of  vessel  between  the  union  of  this  with  the  umbilical 
vein  and  the  origin  of  the  vena;  hepaticie  advehentes  is  so  altered  that  the  porta 
trunk  opens  into  the  commencement  of  the  right  vena  advehens. 

At  the  time  of  the  commencement  of  the  placental  cumulation,  two  short  t < - 

1 trunks  the  ducts  of  Cuvier , open,  one  on  each  side,  into  the  auricle 
Stte  S 2^’is formed  by  the  unioli  of  a superior  and  an  inferior  vem, 

Tht  from  the  cranial  cavity  by 

channels  in  frontof  the.  ear,  which  are  subsequently  obliterated  . in  t le  „re. 
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part  of  its  extent  it  becomes  the  external  jugular  vein  ; and  near  its  lower  end 
it  receives  small  branches,  which  grow  to  be  the  external  jugular  and  subclavian 


Fig.  594.  — Diagrams  illustrating 

THE  DEVELOPMENT  OP  THE  GREAT 

Veins  (after  Kolliker). 

A,  plan  of  the  principal  veins  of  the 
foetus  of  about  four  weeks,  or  soon  after 
the  first  formation  of  the  vessels  of  the 
liver  and  the  vena  cava  inferior. 

B,  veins  of  the  liver  at  a somewhat 
earlier  period. 

0,  principal  veins  of  the  fcetus  at  the 
time  of  the  first  establishment  of  the 
placental  circulation. 

D,  veins  of  the  liver  at  the’  same 
period. 

dc,  the  right  and  left  ducts  of  Cuvier  ; 
ca,  the  right  and  left  cardinal  veins  ; 
j.  i,the  jugular  veins  ; s,  the  subclavian 
veins  ; az,  the  azygos  vein  ; u,  the  um- 
bilical or  left  umbilical  vein  ; u,  in  B, 
the  temporary  right  umbilical  vein  ; o, 
the  omphalo-mesenteric  vein  ; o',  the 
right  omphalo-mesenteric  vein  ; m,  the 
mesenteric  veins  ; p,  the  portal  vein ; 
p',  p',  the  verne  advehentes  ; l,  the  duc- 
tus venosus  ; V,  l',  the  hepatic  veins  ; 
ci,  vena  cava  inferior  ; il,  the  division 
of  the  vena  cava  inferior  into  common 
iliac  veins ; cr,  the  external  iliac  or 
crural  veins  ; h,  the  hypogastric  or  in- 
ternal iliac  veins,  in  the  line  of  continua- 
tion of  the  primitive  cardinal  veins. 

In  C,  li,  in  dotted  lines,  the  trans- 
verse branch  of  communication  between 
the  jugular  veins  which  forms  the  left 
innominate  vein  ; vi,  the  right  innomi- 
nate vein  ; ca',  the  remains  of  the  left 
cardinal  vein  by  which  the  superior 
intercostal  veins  fall  into  the  left  in- 
nominate vein  ; above  p,  the  obliquely 
crossing  vein  by  which  tile  hemiazygos 
joins  the  azygos  vein. 


Fig.  594. 


Jhe  ^dinal  veins  are  the  primitive  vessels  which  return  the  blood  from 

inferior  veno  b°dieS-  ^ vertfbral  column>  and  tbe  parietes  of  the  trunk.  The 
of  the  umbilici™  T & VeTe!  °f  later  develoPment,  which  opens  into  the  trunk 
hentes  The  ilt  o^  ompbal°-mesenteriC  veins,  above  the  verne  hepaticac  reve- 
nentc  ihe  iliac  veins,  which  unite  to  form  the  inferior  vena  cava  commnni 

SSS  « The  infeT  extremities  of 

are  obliterated  in  a considerable  mJTof  ^ vems  the  cardinal 
become  continuous  wliE  i ‘ pai ^hen  course  ; then-  upper  portions  then 

which  °f  Rathke' 

descent' of° tlm^heart^rom  thVceivkTl  ^ KrS  f by  the 

continuous  with  that  of  the  nrimSTl  T T the  thoracic  re8lon-  and  becomes 
makes  its  appearance,  directed  t Jan, ITT  A communicating  branch 

clavian  and  jugular  veins  dotm-aT  J fl'°m  the  action  of  the  left  sub- 
jugular;  and farther  down  in  the  ,to  the  right 

veins  a communicating-  branch  nasse,  °i°n  betw®®n  tbe  posterior  vertebral 
° ncn  Passes  obliquely  across  the  middle  line  from  right 
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to  left.  The  communicating  branch  between  the  primitive  jugular  veins  is 
converted  into  the  left  innominate  vein.  The  portion  of  vessel  between  the 
right  subclavian  vein  and  the  termination  of  the  communicating  branch  becomes 


Fig.  595. 

A B 


Fig.  595. — A and  B. — Diagrammatic  Outlines  of  the  Vestige  of  the  Left  Superior 
Cava  and  of  a Case  of  its  Persistence  (sketched  after  Marshall).  3 

A,  brachio-ceplialic  veins  with  the  superior  intercostal,  azygos,  and  principal  cardiac 

veins.  _ . 

B,  the  same  in  a case  of  persistence  of  the  left  superior  cava,  showing  its  communication 
with  the  sinus  of  the  coronary  vein.  The  views  are  supposed  to  be  from  before,  the  parts 
of  the  heart  being  removed  or  seen  through. 

1,  1/,  the  internal  jugular  veins  ; 2,  2',  subclavian  veins  ; 3,  right  innominate  ; 3',  right 
or  regular  superior  cava  ; 4,  in  A,  the  left  innominate  ; in  B,  the  transverse  or  communi- 
cating vein  between  the  right  and  left  superior  venie  cava;  ; 5,  in  A,  the  opening  of  the 
superior  intercostal  vein  into  the  innominate  ; 5',  vestige  of  the  left  superior  cava  or  duct 
of  Cuvier  ; 5,  5',  in  B,  the  left  vena  cava  superior  abnormally  persistent,  along  with  a 
contracted  condition  of  4,  the  communicating  vein  : 6,  the  sinus  of  the  coronary  vein  ; 6', 
branches  of  the  coronary  veins  ; 7,  the  superior  intercostal  trunk  of  the  left  side,  or  left 
cardinal  vein  ; 8,  the  principal  azygos  or  right  cardinal  vein  ; T,  8',  some  of  the  upper 
intercostal  veins  ; 9,  the  opening  of  the  inferior  vena  cava,  with  the  Eustachian  valve. 

the  right  innominate  vein.  The  portion  of  the  primitive  jugular  vein  below  the 
communicating  vein,  together  with  the  right  duot  of  Cuvier,  forms  the  vena  cava 
superior,  while  the  cardinal  vein  opening  into  it  is  the  extremity  of  the  great 
vena  azygos.  On  the  left  side,  the  portion  of  the  primitive  jugular  vein  placed 
below  the  communicating  branch,  and  the  cardinal  and  posterior  vertebral  veins, 
together  with  the  cross  branch  between  the  two  posterior  vertebral  veins,  are 
converted  into  the  left  superior  intercostal  and  left  superior  and  inferior  azygos 
veins.  The  variability  in  the  adult  arrangement  of  these  vessels  depends  on  the 
various  extent  to  which  the  originally  continuous  vessels  are  developed  or 
atrophied  at  one  point  or  another.  The  left  duct  of  Cuvier  is  obliterated,  except 
at  its  lower  end,  which  always  remains  pervious  as  the  coronary  sinus.  Even  in 
the  adult  traces  of  the  existence  of  this  vessel  can  always  be  recognised  m the 
form  of  a fibrous  band,  or  sometimes  even  a narrow  vein,  which  descends 
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obliquely  on  the  left  auricle  ; and  in  front  of  the  root  of  the  left  lung  there 
remains  a small  fold  of  the  serous  membrane  of  the  pericardium,  the  vestigial 
fold  of  the  pericardium,  so  named  by  Marshall,  to  whom  is  due  the  first  full 
elucidation  of  the  nature  and  relations  of  the  left  primitive  vena  cava. 

The  left  duct  of  Cuvier  has  been  observed  persistent  as  a small  vessel  in  the 
adult.  Less  frequently  a right  and  left  innominate  vein  open  separately  into 
the  right  auricle,  an  arrangement  which  is  also  met  with  in  birds  and  in  certain 
mammals,  and  which  results  from  the  vessels  of  the  left  side  being  developed 
similarly  to  those  of  the  right,  while  the  cross  branch  remains  small  or  absent. 
(Quain  on  the  Arteries,  plate  58,  figs.  9 and  10.) 


Fig.  596. — View  op  the  Fcetal  Heart 


Fig.  596. 


and  Great  Vessels,  prom  the  left 

SIDE,  TO  SHOW  THE  VESTIGE  OF  THE 

Left  Superior  Cava  Vein  in  situ. 

(This  figure  is  planned  after  one  of 

Marshall’s,  and  slightly  altered  accord- 
ing to  an  original  dissection.) 

ai  right  auricle  ; b,  left  auricle  and 
pulmonary  veins  ; c,  the  conus  arteriosus 
of  the  right  ventricle  ; cl,  the  left  ven- 
tricle ; e,  descending  aorta ; + , vestigial 
fold  of  the  pericardium  ; /,  arch  of  the 
aorta,  with  a part  of  the  pericardium 
remaining  superiorly  ; g,  main  pulmonary 
artery  and  ductus  arteriosus ; cj,  left  pul- 
monary artery  ; 1,1',  right  and  left  in- 
ternal jugular  veins  ; 2,  2',  subclavian 
veins  ; 3, 3’,  right  innominate  and  superior 
vena,  cava ; 4,  left  innominate  or  com- 
municating vein  ; 5,  5',  remains  of  the 

SrrCaVa  and  duCt  °f  Guvier’  P^ing  at  + in  the  vestigial  fold  of  the  pericardium 
It  J °,f,he  coronai7  sinus,  6,  below,  and  receiving  above  the  superior  intercostal  vein  7 • 
/ , / , the  upper  and  lower  intercostal  vein,  joining  into  one. 


“ recorded  by  Gruber-‘ in  which  the  left  vena  azygos  opened  into  the 
, , aiy  smu®’  and  was  met  by  a small  vein  descending  from  the  union  of  the 
T %ian  aJa  jugular.  (Reichert  and  Dubois,  Reymond’s  Archiv  1S64  p 729) 
In  case,  the  vein,  had  been  developed  in  the  usual  manned VhUe 

e left)  vena  azygos  continued  to  pom-  its  blood  into  the 'duet  of  Cuvier.  ’ 
(Consult  Kolliker,  Entwickelungsgeschichte  n 414  et  sen  • T Mm-ci  n 

t,w  ST  Af¥  taM-  ZALZTnt 

Valvulrn  dm-  l r and  ™ efzel.  Gruber,  Uber  die  Sinus  Communis  und  die 
Petersburg,  1864  ; and  ^ **  St' 

peculiarities  op  the  pcetal  organs  op  circulation 

structm^exLunf in  *?  recaPifcdlate  shortly  the  peculiarities  of 

oro-ans  of  3“  T m ady/nced  **?&<>*  the  formation  of  the  foetal 
the  course  of  the  blood  q .reference  to  their  influence  in  determining 
occur  in  them  in  cullng  intra-utenne  life,  and  the  changes  which 
ration  at  birth.  cihence  of  the  establishment  of  pulmonary  respi- 

in  the  septum* amdonbm  U 0vale  refcahis  the  form  of  a free  oval  opening 
that  month  and  the  next  Tim?  T fhe  f<?Urtil  montlb  but  in  the  course  of 
on  the  left  fide  of  u flni  i \C1C  ta^es  ^ ace  8T°wth  from  below  and 
ud  the  floor  of  Mu  f ' ^ aT  or  curb9in,  which  advancing  upwards  fills 

adheres  t0  ifcs  leffc  borders  as  far  as  s 
vol  if1  ’ and  thGn  beC°mmS  and  passing  beyond  the  anterior 

3 p 


800 


THE  FGETAL  CIRCULATION. 


border  of  the  fossa,  converts  the  aperture  into  an  oblique  passage  or 
slit  over  the  valvular  margin  of  the  fold,  so  that  in  the  last  three  and  a 
half  months  the  arrangement  is  completed,  by  which  blood  may  readily 
pass  from  the  right  into  the  left  auricle,  but  not  in  a contrary  direction. 

The  Eustachian  Valve  constitutes  a crescentic  fold  of  the  lining 
structure  of  the  heart,  which  is  situated  to  the  right  ot  the  opening  ot 
the  inferior  vena  cava  and  fossa  ovalis,  deepens  that  fossa,  and  directs 
the  blood  entering  it  from  the  inferior  cava  towards  the  opening  ot  the 
foramen  ovale  ; while  it  throws  the  opening  of  the  great  coronary  vein 
into  connection  with  the  right  auricle,  into  which  the  superior  vena 

cava  also  opens.  . . 

The  formation  at  an  early  period  of  fcetal  life  of  the  transverse  vein 
of  the  neck  uniting  the  left  with  the  right  brachiocephalic  \eins, 
carries  the  whole  of  the  blood  returning  from  the  head  and  neck,  toge- 
ther with  that  from  the  main  azygos,  into  the  stream  entering  the  heart 

by  the  superior  cava.  . . , 

The  ductus  arteriosus  passes  from  the  main  pulmonary  artery  into 
the  aorta,  at  the  hollow  part  of  the  arch,  a short  distance  beyond  the 
place  of  origin  of  the  left  subclavian  artery.  It  is  nearly  of  the  same 
width  with  the  pulmonary  stem,  while  the  right  and  left  pulmonary 
arteries  are  of  comparatively  small  . size,  so  long  as  the  lungs  have 
not  been  expanded  bir  air  in  respiration. 

Umbilical  Vessels.— Besides  the  usual  branches  of  . the  descending  aorta 
intended  to  supply  the  abdominal  viscera  and  the  lower  limbs,  two  large  vessels, 
named  hypogastric  or  umbilical  arteries,  are  prolonged  from  the  common  macs, 
and  passing  out  of  the  abdomen,  proceed  along  the  umbilical  cord,  coiling  round 

Pier.  597. — Semi-diagrammatic  view  of  the.  Organs  of  Circulation  is  the  Fcetus 
from  before  (from  Luschka,  modified,  and  from  Nature),  § 

«,  front  of  the  thyroid  cartilage ; b,  right  side  of  the  thyroid  body ; trachea  ;c^ 
surface  of  the  right  lung  turned  outwards  from  the  heart ; e,  diaphragm  bebw  the  apex 
of  the  heart  • f right  lobe  of  the  liver,  dissected  to  show  ramifications  of  the  portal  amt 
MS;?,  the  middle  part  and  left  lobe  of  the  liver  in  ^ 

branches  of  the  umbilical  veins  and  ductus  venosus ; g right  g,  left > ^dney , g »PJ 
renal  bodies;  h,  right,  h',  left  ureter;  i,  portion  of  the  small  mtestmetumedtowards 
the  side,  to  show  the  veins  from  it  going  to  the  per tal  vein  ;■  fc,  urinaiy  ^kddei^f, 

placed  below  the  umbilicus,  which  is  turned  towards  the  left  of  t > 

a line  to  the  urachus  ; m,  rectum,  divided  and  tied  at  its  upper  part.  b intr0. 

A,  A,  right  auricle  of  the  heart  opened  to  show  the  foiame  . > • 1 ’ ; 

duced  through  the  large  divided  right  hepatic  vein  and  vena  seen 

through  the  fossa  ovalis  into  the  left  auricle  : at  the  lovei  pa  , orifice  • B the 

the  Eustachian  valve,  to  the  right  and  inferiorly  the  aunculo-venticdarm 
left  auricular  appendix;  C,  the  surface  of  the  right  ventricle  ; I),  placed  on  the 
surface  of  the  left  lung,  points  to  the  left  ventricle.  , arteriosus  • 

1,  ascending  pert  of°«kc  avek  of  the  aorta  ; 1'.  tack  1>"  Ka ce of  Mon 
1",  abdominal  aorta ; 2,  stem  of  the  pulmonary  artery , ^ , the  p eastric 

umbilical  vein  within  the  tad,  ot  the  fetus ; i umbilical  vein 

em-d  • 5'  5'  ductus  venosus  ; between  5 and  5 , the  anect  manene  f0Ssa 

Sts  5",  5",  hepatic  veins,  through  one  ot  which  a prota  .. : mto ttafossa 

ovalis  and  through  the  foramen  ovale;  6,  vena  P^  Xk^liac  vein  points  to  the  right 
umbilical  vein  ; 6",  its  right  branch,  t , placed  o Q ^ umbilical  arteries 

common  iliac  artery;  7',  left  common  iliac  artery,  8,  right,  1 l^lett^  ^ bodj%  in  the 

coming  from  the  internal  iliac  arteries  , 8 x , urn  ‘ bclow  the  right  renal  vessels  ; 

umbilical  cord  ; 9,  9,  external  iliac  artenes  , 1 , 1 thc  two  spermatic  arteries. 

11,  inferior  mesenteric  artery,  above  the  root  of  which  aie  seen  me  w i 
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the  umbilical  vein  to  reach  the  placenta.  The  commencement  of  each  of  these 
vessels  afterwards  forms  the  trank  of  the  corresponding-  internal  iliac  artery, 
but,  from  their  size,  they  might  be  regarded  in  the  foetus  as  the  continuations 
of  the  common  iliac  arteries  into  which  the  aorta  divides.  From  the  placenta 
the  blood  is  returned  by  the  umbilical  vein,  which,  after  entering  the  abdomen, 
communicates  by  one  branch  with  the  portal  vein  of  the  liver,  and  is  continued  by 
another,  named  ductus  venoms,  into  one  of  the  hepatic  veins,  through  which  it 
joins  the  main  stem  of  the  vena  cava  inferior. 

Course  of  the  Blood  in  the  Foetus.— The  right  auricle  of  the  foetal  heart 
receives  its  blood  from  the  two  venal  cavse  and  the  coronary  vein.  The  blood 
brought  by  the  superior  cava  is  simply  the  venous  blood  returned  from  the  head 
and  upper  half  of  the  body  ; whilst  the  inferior  cava,  which  is  considerably 
larger  than  the  superior,  conveys  not  only  the  blood  from  the  lower  half  of  the 
body,  but  also  that  which  is  returned  from  the  placenta  through  the  umbilical 
vein.  This  latter  stream  of  blood  reaches  the  vena  cava  inferior,  partly  by  a 
direct  passage — the  ductus  venosus,  and  partly  by  the  hepatic  veins, , which  bring 
to  the  vena  cava  inferior  all  the  blood  circulating  througn  the  liver,  whether 
derived  from  the  supply  of  placental  blood  entering  by  the  umbilical  vein,  or 
proceeding  from  the  vena  portae  or  hepatic  artery.  _ 

The  blood  of  the  superior  vena  cava,  descending  in  front  and  to  the  right 
of  the  Eustachian  valve,  and  mixed  with  a small  portion  of  that  from  the 
inferior  cava,  passes  on  into  the  right  ventricle,  and  is  thence  propelled  into  the 
trunk  of  the  pulmonary  artery.  A small  part  of  it  is  then  distributed  through 
the  branches  of  that  vessel  to  the  lungs,  and  returns  by  the  pulmonary  veins  to 
the  left  auricle  ; but,  as  these  vessels  remain  comparatively  undilated  up  to  the 
time  of  birth,  by  far  the  larger  part  passes  through  the  ductus  arteriosus  into  the 
dorsal  aorta,  entering  that  vessel  beyond  the  place  of  origin  of  the  arteries  of  the 
head  and  upper  limbs,  and,  mLxed  perhaps  with  a small  quantity  of  the  blood 
flowing  into  the  aorta  from  the  left  ventricle,  is  distributed  m part  to  the  lower 
half  of  the  body  and  the  viscera,  and  in  part  is  conveyed  along  the  umbilical 
arteries  to  the  placenta.  From  these  several  organs  it  is  returned  by  the  vena 
cava  inferior,  the  venae  portae,  and  the  umbilical  vein  ; and,  as  already  noticed, 
reaches  the  right  auricle  through  the  trank  of  the  inferior  cava. 

Of  the  blood  entering  the  heart  by  the  inferior  vena  cava,  only  a small  part  is 
mingled  with  that  of  the  superior  cava,  so  as  to  pass  into  the  ventac  e , 
by  far  the  larger  portion,  directed  by  the  Eustachian  valve  throughtheforamen 
ovale  flows  from  the  right  into  the  left  auricle,  and  thence,  togethei  v,  ith  the 
smaR  quantity  of  blood  Returned  from  the  lungs  by  the  pulmonary  veins,  passes 
into  the  left  ventricle,  from  whence  it  is  sent  into  the  aich  of  the > aoi  , 

distributed  almost  entirely  to  the  head  and  upper  limbs.  A stiam  of 
mav  however  flow  on  into  the  descending  aorta,  and  join  the  fullei  stream  or 
blood  from  the  ductus  arteriosus.  From  the  upper  half  of  thebody  .^dood  is 

returned  by  the  branches  of  the  superior  cava  to  the  right ““  SlSHrSd 
its  course  into  the  right  ventricle  and  pulmonary  trank  has  been  alieady  traced. 

The”  is^ TobaVa  considerable  difference  in  the  early  and  more  advanced 
stages  of  foetal  life,  in  the  distribution  of  the  stream  of  blood  entering  the  heart 

from  the  left  ventricle  passes  into  the  descending  aorta  beyond  -the 
£E&  — s of  foetal  life  in  which  the  pecuhent.es  of 

course  of  the  blood  in  the  foetus,  it  will  be 
seen  that,  whibt  the  mcfflfiedb^od  torn  chieSr 

wMr  - already  circulated  through  the  head  and  upper 
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limbs.  The  larger  portion  of  the  blood,  however,  which  passes  into  the  descend- 
ing aorta,  is  sent  out  of  the  body  to  the  placenta.  This  duty  is  principally  per- 
formed by  the  right  ventricle,  which  after  birth  is  charged  with  an  office  some- 
what analogous,  in  having  to  propel  the  blood  through  the  lungs.  But  the 
passage  of  the  blood  through  the  vessels  of  the  umbilical  cord  and  placenta  is 
longer  and  subject  to  greater  resistance  than  that  of  the  pulmonary  circulation, 
and  the  right  ventricle  of  the  foetus,  although  probably  aided  by  the  left  in  the 
placental  circulation,  also  takes  a large  share  in  the  systemic  through  the  lower 
half  of  the  body  ; and  this,  perhaps,  may  be  the  reason  why  the  wall  of  the 
right  equals  in  thickness  that  of  the  left  ventricle  in  the  foetus. 

Sabatier  was  the  first  to  call  attention  particularly  to  the  action  of  the  Eusta- 
chian valve  in  separating  the  currents  of  blood  entering  the  right  auricle  by  the 
superior  and  inferior  vena;  cavte.  (Traite  d’Anat.,  vol.  ii.,  p.  224.)  This  sepa- 
ration, as  well  as  that  occurring  between  the  currents  passing  through  the  aortic 
arch  and  the  ductus  arteriosus  into  the  descending  aorta,  were  illustrated  experi- 
mentally by  John  Reid.  (See  art.  “ Heart,”  in  Cyclop,  of  Anat.  and  Physiol.,  and 
.Edin.  Med.  and  Surg.  Journal,  1835.)  A striking  confirmation  of  the  extent  to 
which  the  last  mentioned  division  of  the  two  currents  of  the  foetal  blood  may 
take  place,  without  disturbance  of  the  circulation  up  to  the  time  of  birth,  is 
afforded  by  the  examples  of  malformation  in  which  a complete  obliteration  has 
existed  in  the  aortic  trank  immediately  before  the  place  of  the  union  of  the 
ductus  arteriosus  with  the  posterior  part  of  the  aortic  arch. 

CHANGES  IN  THE  CIRCULATION  AT  BIRTH. 

The  changes  which  occur  in  the  organs  of  circulation  and  respiration 
at  birth,  and  lead  to  the  establishment  of  their  permanent  condition,  are 
more  immediately  determined  by  the  inflation  of  the  lungs  with  air  in 
the  first  respiration,  the  consequent  rapid  dilatation  of  the  pulmonary 
blood-vessels  with  a greater  quantity  of  blood,  and  the  interruption  to 
the  passage  of  blood  through  the  placental  circulation.  These  changes 
are  speedily  accompanied  by  shrinking  and  obliteration  of  the  ductus 
arteriosus,  in  the  space  between  the  division  of  the  right  and  left  pul- 
monary arteries  and  its  junction  with  the  aorta,  and  of  the  umbilical 
arteries  from  the  hypogastric  trunk  to  the  place  of  their  issue  from 
the  body  by  the  umbilical  cord  ; — by  the  cessation  of  the  passage  of 
bl°od  through  the  foramen  ovale,  and  somewhat  later  by  the  closure 
of  that  foramen,  and  by  the  obliteration  of  the  umbilical  vein  as 
tar  as  its  entrance  into  the  liver,  and  of  the  ductus  venosus  within  that 
organ. 

ihe  process  of  obliteration  of  the  arteries  appears  to  depend  at  first 
mainly  on  the  contraction  of  the  coats,  but  this  is  very  soon  followed 
by  a considerable  thickening  of  their  substance,  reducing  rapidly  their 
internal  passage  to  a minute  tube,  and  leading  in  a short  time  to  final 
closuie,  even  although  the  vessel  may  not  present  externally  any  con- 
sumable diminution  of  its  diameter.  It  commences  at  once,  and  is  per- 
ceptible  after,  a few  respirations  have  occurred.  It  makes  rapid  pro- 
gress upon  the  first  and  second  days,  and  by  the  third  or  fourth  days 
ic  passage  through  the  umbilical  arteries  is  usually  completely  inter- 
1 UP  ecl-  ductus  arteriosus  is  rarely  found  open  after  the  eighth 
oi  entn  day,  and  by  three  weeks  it  has  in  almost  all  instances  become 
•completely  impervious. 

The  process  of  closure  in  the  veins  is  slower,  there  not  being  the 
same  nckemng  or  contraction  of  their  coats  ; but  they  remain  empty 
o i ood  and  collapsed,  and  by  the  sixth  or  seventh  day,  are  generally 


804  DEVELOPMENT  OF  THE  URO-GENITAL  ORGANS. 

Although  blood  ceases  at  once  to  pass  through  the  foramen  ovale 
from  the  moment  of  birth,  or  as  soon  as  the  left  auricle  becomes  filled 
with  the  blood  returning  from  the  lungs,  and  the  pressure  within  the 
two  auricles  is  equalised,  yet  the  actual  closure  of  the  foramen  is  more 
tardy  than  any  of  the  other  changes  now  referred  to.  It  is  gradually 
effected  by  the  union  of  the  forepart  of  the  valvular  fold  forming  the 
floor  of  the  fossa  ovalis  with  the  margin  of  the  annulus  on  the  left 
side  ; but  the  crescentic  margin  is  generally  perceptible  in  the  left 
auricle  as  a free  border  beyond  the  place  of  union  and  not  unfrequently 
the  union  remains  incomplete,  so  that  a probe  may  be  passed  through 
the  reduced  aperture.  In  many  cases  a wider  aperture  remains  tor 
more  or  less  of  the  first  year  of  infancy,  and  in  certain  instances  there 
is  such  a failure  of  the  union  of  the  valve  as  to  allow  of  the  continued 
passage  of  venous  blood,  especially  when  the  circulation  is  disturbed  by 
over-exertion,  from  the  right  to  the  left  auricle,  as  occurs  in  the  mal- 
formation attending  the  morbus  cceruleus. 


DEVELOPMENT  OE  THE  GENITAL  AND  URINARY  ORGANS. 

The  development  of  the  permanent  genital  and  urinary  organs  in 


Fig.  598. 


Fig.  598. — Enlarged  View  from  before  of  the  Left 

Wolffian  Body  before  the  Establishment  of  the 

distinction  of  Sex  (from  F arre  after  Kobelt). 

a,  a,  b,  it,  tubular  structure  of  tbe  Wolffian  body  ; 
e,  Wolffian  duct ; f,  its  upper  extremity ; <J,  its  termina- 
tion in  x,  tbe  uro-genital  sinus  ; 7t,  the  duct  of  Muller ; 
i,  its  upper  still  closed  extremity ; Jc,  its  lower  end  ter- 
minating in  the  uro-genital  sinus  ; l,  the  mass  of 
blastema  for  the  reproductive  organ,  ovary  or  testicle. 

birds  and  mammals,  is  preceded  by  the 
formation  of  a temporary  glandular  organ  with 
which  the  principal  parts  of  both  these  sets 
of  organs  are  in  their  origin  connected.  These 
bodies  are  named  the  Wolffian  bodies,  after 
their  discoverer,  C.  F.  Wolff.  From  this  close 
association  of  these  organs,  it  becomes  neces- 
sary to  describe  their  development  together. 


PRIMARY  FORMATION  OR  THE  URO-GENITAL  SYSTEM. 

Wolffian  bodies.— The  Wolffian  bodies  occupy  a considerable  space 
in  the  abdominal  cavity  of  birds  and  mammals  from  an  early  period  of 
fetal  life  extending  at  first  from  the  fifth  or  sixth  protovertebral  seg- 
ments to  near  the  caudal  extremity,  m the  form  of  two  reddish  prominent 
rido-es  one  on  each  side  of  the  primitive  intestine,  and  below  the  proto- 
vertebral columns  and  primitive  aortas.  They  are  thickest  m the  middle 
of  their  length,  and  taper  somewhat  at  their  upper  and  lower  extremi  ies 
Tbev  consfst  when  fully  formed,  of  short  slightly  convoluted  tubes 
running  transversely,  connected  on  the  inner  side ! with  vascu ™nt 
vnli  vprv  similar  to  the  Malpighian  corpuscles  ot  the  peimaneno 
SLyTU  feadLg  along  the  outer  border  into  a tube  named  the 
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Wolffian  duct,  which  terminates  on  each  side  in  the  cloaca.  The 
Malpighian  glomeruli  were  first  discovered  by  Rathke,  who  pointed  out 


Fig.  599.— Human  Embryo  op  from  25  to  28  days,  viewed  Fig.  599. 

FROM  BEFORE,  THE  THORAX  AND  ABDOMEN  OPENED  (from 

Kolliker  after  Coste). 

o,  tlie  eye ; m,  the  maxillary  plate ; mn,  the  inferior 
maxillary  plate  ; i,  the  second  postoral  plate  ; h,  the  heart ; 
w,  Wolffian  bodies  and  ducts  on  their  outer  borders  ; l,  the 
liver  ; e\  the  upper  and  e1,  the  lower  limbs  ; a,  the  allantoid 
pedicle,  and  on  each  side  of  it  the  umbilical  arteries ; i,  i, 
the  upper  and  lower  parts  of  the  intestine  of  which  the 
middle  parts  with  the  vitello-intestinal  duct  have  been  removed, 
leaving  the  mesentery  stretched  between. 

their  vascular  structure,  and  their  vessels  derived 
from  neighbouring  branches  of  the  aorta.  The 
ducts  of  the  Wolffian  bodies  are  found  to  contain 
a whitish  fluid,  and  the  bodies  are  believed  to 
perform  the  glandular  office  of  kidneys  during  a 
part  of  foetal  life  in  the  higher  vertebrata,  and 
they  have  accordingly  received  the  name  of 
primordial  kidneys,  a designation  which  is  quite 
appropriate,  as  it  appears  that  iu  fishes  and  am- 
phibia, they  remain  as  the  whole  in  some,  and  a 
part  in  others,  of  the  permanent  kidneys. 

In  the  human  foetus  they  begin  to  be  formed 
along  with  the  allantois,  at  a very  early  period, 
probably  before  the'  third  wreeb,  as  they  are  already 
very  apparent  in  the  fourth.  They  have  attained 
their  full  size  by  the  sixth  week,  and  in  the 
seventh  and  eighth  are  rapidly  diminishing  in 
size,  in  connection  with  the  changes  which  accompany  the  develop- 
ment of  the  genital  organs  and  the  permanent  kidneys. 


Fig.  600. 


Fig.  600.  Transverse  Section  through  the  Embryo  of  the  Chick  and  Blasto- 
derm on  the  Second  Day  (from  Kolliker). 
d d,  hypoblast ; cli,  chorda  dorsalis  ; u ic,  primordial  vertebra  ; m r,  medullary 
I'lates  ; ft,  corneous  layer  or  epiblast  ; uw  h,  cavity  of  the  primordial  vertebral  mass  ; 
m p,  mesoblast  dividing  at  s p into  h p l,  somatopleure,  and  cl  f,  splancknopleure  ; 
u n y,  W olffian  duct,  beginning  in  the  intermediate  cell-mass. 

As  development  advances  the  Wolffian  bodies  rapidly  become  pro- 
portionally shorter  and  thicker  : they  shrink  towards  the  lower  part  of 
the  abdominal  cavity,  and  soon  become  almost  entirely  wasted.  By 
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the  middle  of  the  third  month  only  traces  of  them  are  visible  in  the 
human  embryo. 

First  origin  of  the  Wolffian  bodies. — Difference  of  opinion  has 
for  some  time  existed  among  embryologists  as  to  the  exact  source  of 


Fig.  601. 


Fig.  601. — Transverse  Section  through  the  Abdominal  Region  of  the  Chick  on 

the  Third  Day  (from  Kolliker). 

The  explanation  of  the  letters  is  the  same  as  that  in  the  previous  figure. 


the  rudiments  of  the  uro-genital  system,  but  it  now  appears  to  be  fully 
ascertained  by  the  concurrence  of  a variety  of  observers,  more  especially 
of  Waldeyer,  Schenk,  and  Balfour,  that  the  Wolffian  duct,  which  is  the 
first  part  formed,  and  the  formative  substance  of  the  Wolffian  tubes 


Fig.  602. 

/«• 


Fig  602. — Transverse  Section  of  the  Embryo-Chick  of  the  Third  Day 

(from  Kolliker). 

mr  medullary  canal  and  medulla  of  the  spinal  cord  ; ch,  notochord. ; mvh,  primordial 
vertebral  mass  ; m,  muscle-plate  ; dr  and  df,  groove  of  the  primitive  intestine  as  formed 
by  the  hypoblast  and  splanchnopleure  ; ao,  one  of  the  two  aortse;  un,  V olftian  boclj  , 
rnicj,  Wolffian  duct ; vc,  vena  cardinalis ; h,  epiblast ; lip,  somatopleure  and  its  reflection 
into  the  amnion  ; p,  the  pleuro-peritoneal  space. 


and  o-lomcruli,  proceed  from  the  mesoblast,  and  as  these  form  the  founda- 
tion of  the  principal  urinary  and  genital  organs,  it  follows  that  this 
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system  as  a whole  has  its  foundation  in  the  mesoblastic  layer.  In  birds 
and  mammals  the  duct,  which  is  first  formed,  appears  in  its  commence- 
ment as  a solid  cord  in  the  upper  part  of  a group  of  cells,  projecting 
below  the  epiblast,  in  the  interval  between  the  protovertebral  mass  and 

Fig.  603. — Kidneys,  Wolffian  Bodies,  Wolffian  Fig.  603. 

and  Mullerian  Ducts  of  a Fcetal  Bird. 

Magnified  (after  J.  Muller). 

a,  kidney  ; b,  tubular  part  of  Wolffian  body  ; c, 
the  ovary  ; cl,  suprarenal  body ; e,  ureter  ;/,  Wolf- 
fian duct ; (j,  duct  of  Muller. 

the  united  somatopleure  and  splanchno- 
pleure  of  the  mesoblast,  and  thence  called 
the  intermediate  cell  mass  (fig.  600,  ung). 

This  cord  becomes  hollow,  and  gradually 
% changes  its  place  by  sinking  downwards 
in  the  cellular  mass  in  which  it  is  imbedded, 
towards  the  pleuro-peritoneal  cavity,  while 
the  tubular  and  glomerular  structures  of 
the  Wolffian  body  are  developed  as  diverti- 
cula from  the  duct  in  connection  with 
the  neighbouring  cellular  blastema. 

The  intermediate  cell-mass  now  forms  a 
•considerable  projection  to  the  outside  of 
the  mesentery,  which  occupies  a median 

position  (figs.  602  and  604),  and  the  epithelium  on  its  surface  exhibits  a 
considerable  thickening  in  two  places,  first,  along  the  inner  side,  where 
it  becomes  columnar,  and  forms  an  opaque  whitish  ridge,  the  germ  epithe- 
lium, the  seat  of  after  formation  of  the  primitive  ovigerms  ; and  second, 
along  the  outer  side  in  a line  inside  the  seat  of  the  Wolffian  duct,  where, 
by  a process  of  grooved  involution,  there  is  gradually  formed  the  duct 
named  Mullerian,  after  its  discoverer,  Johannes  Muller.  It  is  now  fully 
ascertained  that  both  the  Wolffian  and  Mullerian  ducts  are  constantly 
present  in  all  embryoes  of  birds  and  mammals,  whatever  the  sex  they 
may  be  destined  afterwards  to  assume  ; but  the  respective  ducts  have  a 
different  sexual  destination,  for  the  duct  of  Miiller  becomes  converted 
into  the  oviduct  of  the  female,  while  in  the  male  the  Wolffian  duct 
forms  the  vas  deferens,  or  main  seminal  duct  of  the  testicle  ; and 
while  vestiges  of  the  duct  of  Miiller  are  perceptible  in  the  developed 
male,  remains  of  the  Wolffian  duct  are  almost  always  present  in  the 
female  in  a manner  afterwards  to  be  described. 

The  permanent  kidneys  of  birds  and  mammals  take  their  origin  in 
connection  with  the  Wolffian  duct  and  formative  substance  deposited 
neai  the  Wolffian  bodies.  Their  first  rudiments  consist  in  a diver- 
ticulum from  the  upper  or  dorsal  aspect  of  the  Wolffian  duct  near  its 
poster  101  extremity,  which  constitutes  the  commencement  of  the  ureter; 
and  from  this  the  tubular  and  glandular  parts  of  the  kidney  are  formed 
b)  extension  into  the  neighbouring  mass  of  blastema  at  a period 
somewhat  later  than  that  of  the  development  of  the  Wolffian  body  itself. 

I he  researches  of  Waldeyer  and  others  have  shown  that  t\\Q  produc- 
tive glands  of  the  generative  organs  in  the  two  sexes,  ovary  and  testis, 
arise  from  nearly  the  same  part  of  the  intermediate  cell  mass,  but  in 
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a manner  somewhat  different.  Both  are  mainly  produced  in  the  sub- 
stance which  lies  along  the  inner  border  of  the  blastemic  mass  already 
referred  to,  and  which  may  therefore  be  named  the  common  reproductive 
blastema  ; but  with  this  important  difference  between  them,  that  in  the 


Fig.  604. 


Fi<*  604. — Transverse  Section  op  the  Wolffian  Body  and  Rudiment  of  the  Oiary 
and  the  Duct  of  Muller  in  an  Embryo  Chick  at  the  end  of  the  fourth 
day  (from  Waldeyer). 

WK,  Wolffian  body  ; y,  section  of  the  Wolffian  duct  ; a,  germ  epithelium  with,  o,  o, 
cells  enlarging  into  ovigerms ; a',  epithelium  near  the  place  of  involution  of  Mullers 
duct,  z ; E,  stroma  of  the  ovary  ; m,  mesentery  ; L,  lateral  wall  of  the  abdomen. 

female  the  primitive  ova  originate  more  immediately  from  the  cells  of 
the  surface  in  the  germ  epithelium , and  become  afterwards  imbedded 
as  Graafian  follicles  'in  the  deeper  substance  of  the  mass  which  forms  a 
stroma  round  the  ova  ; while  the  glandular  substance  of  the  testicle  is 
apparently  developed  within  the  cell  mass,  without  any  direct  con- 
currence of  the  superficial  or  germ  epithelium,  which,  though  at  firs 
existing  in  male  as  well  as  in  female  embryoes,  and  even  exhibiting 
some  tendency  to  the  enlargement  of  some  cells  as  ovigerms  (AUildeyer), 
soon  becomes  atrophied  and  reduced  in  thickness  in  the  male  as  the 

structure  of  the  testicle  becomes  developed.  _ . . , ,, 

The  ducts  of  Muller  open  at  their  anterior  extremities  into  the 
pleuro-peritoneal  cavity  by  tlic  orifice  which  ultimately  becomes  the 
infundibulum  and  fimbriated  ostium  abdominale;  and.asthc  ming 
membrane  has  originally  been  formed  by  an  involution  of  the  epitheliun 
(germ-epithelium)  of  that  cavity,  it  follows  that  the  lining 
of  the  female  passages  (Fallopian  tubes  and  uterus)  which  111 1 then ^ latei 
development  assume  the  characters  of  mucous  membiane,  and  aie 
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scribed  as  such,  have  in  reality  the  same  origin  as 
brane  of  the  pleuro-peritoneal  cavity. 


the  lining  mem- 


Fig.  605. 


Fig.  605. — Diagrammatic  Out- 
line of  the  Wolffian  Bodies 

IN  THEIR  RELATIONS  TO  THE 

Rudiments  of  the  Reproduc- 
tive Organs  (A.  T.). 

ot,  seat  of  origin  of  the  ovaries 
or  testes  ; W,  Wolffian  bodies  ; 
10,  w,  Wolffian  ducts ; m,  m, 
Mullerian  ducts  ; rjc , genital  cord ; 
ucj,  sinus  urogenitalis  ; i,  intes- 
tine ; cl,  cloaca. 


These  ducts  at  first  unite 
with  the  Wolffian  ducts  on 
each  side  separately,  but 
later  they  become  separated 
from  them  and  conjoined 
at  their  lower  or  posterior 
extremity,  and  in  the  de- 
velopment of  the  female 
type  the  uterus  results 

from  the  further  growth  of  this  median  or  united  part,  while  in  the- 
male  sex  the  prostatic  vesicle  and  gland  may  be  looked  upon  as  its 
nearest  representative,  and  other  partial  vestiges  of  the  female  passages 
are  to  be  found  in  the  human  species  and  in  various  degrees  in 
different  mammals. 

The  Wolffian  duct,  as  has  already  been  stated,  becomes  the  vas 
deferens  of  the  testicle,  while  the  secreting  part  of  the  gland,  com- 
prising the  tubuli  semmiferi  and  the  rete  testis,  are  developed  in  the 
reproductive  blastema  of  the  intermediate  cell  mass.  The  union  of 
these  two  parts  of  the  male  organs  through  the  coni  vasculosi  and  the 
epididymis  is  brought  about  by  the  development  of  the  efferent  vessels 
m the  upper  part,  or  what  may  appropriately  be  termed  the  sexual  part 
of  the  Wolffian  body,  as  this  structure  has  been  shown  by  Banks  and 
others  to  differ  from  the  lower  and  larger  part  of  the  organ  by  the 
absence  of  the  vascular  tufts  or  glomerular  arrangement  in  connection 
. 1rS  . ^ie  convoluted  tubes  forming  the  efferent  vessels, 

w.,1.c  ^ie  time  of  their  first  production  are  in  communication 
wi  i the  upper  part  of  the  Wolffian  duct,  become  subsequently  con- 
nectecl  with  the  vessels  of  the  rete  testis,  and  thus  the  original  Wolffian 
duct  becomes  m its  upper  part  the  tube  of  the  epididymis,  and  in  its 
lowei  the  mam  excretory  duct  or  vas  deferens  of  the  testis. 

omologies  of  the  Wolffian  body; — An  interesting  view  of  the  cor- 
respondence of  the  urino-genital  organs  in  different  animals  is  pre- 
® y lc  recent  observations  of  embryologists  on  the  formation  of 
ie,  n°  SaMJ0?ies-  , ^ was  ascertained  by  His,  Bornhaupt,  Rosenberg 
w ur°GttC’  x-fc  m t!lc  l°wcli  vertebrates  a second  body  similar  to  the 
ollian  was  formed  later  in  connection  with  its  main  duct;  and 
ic  rescai dies  of  Balfour  and  Semper  have  shown  that  in  the  selachians 
the  permanent  kidneys,  which  had  long  been  believed  to  be  the  same 
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with  the  Wolffian  bodies,  consist  in  reality  of  two  sets  of  tubular 
organs,  of  which  one  corresponds  to  the  Wolffian  bodies  of  the  embryoes 
of  the  amniota,  while  the  other  tubular  body,  already  referred  to  as 
being  of  later  formation  and  as  connected  with  the  main  Wolffian  duct, 
corresponds  to  the  permanent  kidneys  of  the  higher  animals.  Balfour 


Fig.  606. 


Fig.  606.  — Diagram  op  the 
Primitive  Uro-genital  Or- 
gans in  the  Embryo  previous 
to  Sexual  Distinction. 

The  parts  are  shown  chiefly  in 
profile,  but  the  Mullerian  and 
Wolffian  ducts  are  seen  from 
the  front.  3,  ureter  ; 4,  urinary 
bladder  ; 5,  urachus  ; ot,  the 
mass  of  blastema  from  which 
ovary  or  testicle  is  afterwards 
formed  ; W,  left  Wolffian  body  ; 
x , part  at  the  apex  from  which 
the  coni  vasculosi  are  after- 
wards developed ; w,  w,  right 
and  left  Wolffian  ducts  ; in,  m, 
right  and  left  Mullerian  ducts 
uniting  together  and  with  the 
Wolffian  ducts  in  rj  c,  the  genital 
cord  ; ug,  sinus  urogenitalis  ; i, 
lower  part  of  the  intestine  ; c l, 
common  opening  of  the  intestine 
and  urogenital  sinus  ; cp,  eleva- 
tion which  becomes  clitoris  or 
penis  ; Is,  ridge  from  which  the 
labia  majora  or  scrotum  are 
formed. 


has  also  ascertained  (Jour,  of  Anat.  and  Physiol.,  vol.  x.,  1375)  that  in 
the  selachians  both  the  ducts  are  found  which  exist  m the  amniota, 
viz.,  both  the  Wolffian  and  the  Mullerian  ducts,  but  that  they  arise  m 
a somewhat  different  manner  from  that  by  which  they  are  produced  m 
birds  and  mammals,  inasmuch  as  m the  selachians  the  duct  ot  Muilei 
arises  by  the  formation  of  a septal  partition  which  divides  the  oiiginal 
duct  through  a considerable  part  of  its  length  into  car!a  s 
these,  the  Miillerian  duct,  is  in  communication  with  the  P1^1'0’^1^’ 
neal  cavity  in  front,  and  opens  into  the  cloaca  behind  as  a separate 
tube;  the  other  corresponding  with  the  Wolffian,  besides  being  the 
excretory  duct  of  the  primordial  kidneys,  becomes  the  vas , defeiens  of 
the  testicle.  In  the  selachians,  therefore,  the  permanent  kidney 
sist  of  two  parts,  of  which  one,  the  anterior,  is  homologous  with  the 
temporary  kidneys  or  Wolffian  bodies,  while  the  other,  or  posterior  part, 
corresponds  with  the  permanent  kidneys  of  birds  and  mammals. 

Balfour  and  Semper  have  made  further  the  interesting  discovery  that 
the  transverse  tubes  of  the  two  parts  of  the  pnmorfml 
lower  animals  correspond  m number  and  position  with  the  veiteb 
segments  of  the  region  of  the  embryo  in  which  they  are  situated, 
fact  of  great  interest  in  vertebrate  morphology,  and,  accordm  to 
authoL  leadino  also  to  important  views  of  the  morphological  cone- 
spondence  of  the  organs  in  question  with  similar  organs  in  the  anne- 
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lida.  The  tubes  of  the  kidneys  in  the  lower  yertebrata  are  therefore 
named  segmental  tubes,  and  their  common  duct  (Wolffian),  the  seg- 
mental duct.  In  the  amniota,  however,  the  same  correspondence 
between  vertebrate  segments  and  Wolffian  body  tubes  no  longer  exists. 

The  External  Organs. — The  existence  in  the  embryo  at  first  of  a 
single  outlet  or  cloaca,  for  the  urogenital  passages  and  the  alimentary- 
canal  in  common,  has  already  been  referred  to.  This  condition  of  the 


Pig.  607. — Development  op  the  Ex- 
ternal Sexual  Organs  in  the  Male 
and  Female  from  the  Indifferent 
Type  (from  Ecker). 

A,  tlie  external  sexual  organs  in  an 
embryo  of  about  nine  weeks,  in  which 
external  sexual  distinction  is  not  yet  es- 
tablished, and  the  cloaca  still  exists  ; B, 
the  same  in  an  embryo  somewhat  more 
advanced,  and  in  which,  without  marked 
sexual  distinction,  the  anus  is  now  sepa- 
rated from  the  urogenital  aperture  ; C, 
the  same  in  an  embryo  of  about  ten  weeks, 
showing  the  female  type ; D,  the  same 
in  a male  embryo  somewhat  more  ad- 
vanced. Throughout  the  figures  the 
following  indications  are  employed  ; pc, 
common  blastema  of  penis  or  clitoris  ; 
to  the  right  of  these  letters  in  A,  the 
umbilical  cord  ; p,  penis  ; c,  clitoris  ; cl, 
cloaca  ; ug,  urogenital  opening  ; a , anus  ; 

Is,  cutaneous  elevation  which  becomes  labium 
caudal  or  coccygeal  elevation. 


Fig.  607. 

A-  jy 


parts  connected  with  the  surface  continues  even  beyond  the  time  when 
the  sexual  distinction  has  begun  to  become  manifest  in  the  deeper 
oigans,  as  up  to  the  seventh  day  in  the  chick  and  the  end  of  the  eighth 
the  human  foetus.  Previous  to  this  time  the  cloaca  presents 
itself  in  tliefoim  of  a wide  cavity,  into  the  middle  of  which  the  intestine 
escends  on  the  doisal  aspect.  The  pedicle  of  the  allantois  opens  by  a 
deep  groove  or  recess  anteriorly  or  on  the  ventral  aspect,  and  on  each 
side  there  is  a widening,  into  which,  in  succession  from  the  ventral  to 
the  dorsal  aspect,  open  the  Mullerian  and  - Wolffian  ducts  and  the 
ureters.  The  external  opening  has  the  form  of  a vertical  slit  wider 
above  and  below,  and  is  situated  in  a raised  portion  of  the  common 
in  egument,  from  which  all  the  other  parts  retire  more  and  more  within 
the  cavty  of  the  pelvis  as  it  gradually  deepens. 

firsfcnch  W which  takes  place  in  the  rudiments  of  the  external 
° ^ common  to  all  embryoes,  and  therefore  to  both 

rS  m ?ie  +a:dva.nce  from  the  sides  and  behind  of  the  parti- 
inn-  flip  (1C  ?ntestinal  portion  from  the  rest,  thus  throw- 

flip  lmvpr  n?  I C UCtS  lllto  connection  with  a wide  ventral  part  of 
• 1 eiuie,w°gemtdl  sinus,  while  the  intestine  is  left  in  com- 

3 t™  I™  the  n™wer  dorsal  section.  The  anus,  strictly  so 
front ’of  if  th?3eaiS  fe  °Pening  of  the  alimentary  canal,  and  in 

behind  than  beforehand  llSntVthTnro,  slit  wider 

t r x c i.i  I 7 lnt0  the  urogenital  sinus. 

0 „ last-named  aperture  there  now  rises  a well-marked 
prominence  of  the  integument,  the  rudiment  of  the  still  indifferent 
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organ  representing  the  clitoris  or  penis.  Into  this  prominence  the 
urogenital  groove  runs  forward,  and  surrounding  the  prominence  in 
front,  and  continued  downwards  on  each  side  of  the  urogenital  opening, 
there  is  a raised  ridge  of  integument,  which  is  the  foundation  of  the 
future  labia  majora  in  the  female,  and  of  the  two  halves  of  the  scrotum 
in  the  male. 

The  description  of  the  later  changes  which  occur  in  these  parts  in 
the  development  of  fuller  sexual  differences  will  be  given  hereafter. 
Here  it  will  be  sufficient  to  state  their  general  nature.  In  embryoes 
which  are  assuming  the  male  type,  the  common  eminence  becomes 
gradually  longer,  more  cylindrical  and  deeply  grooved  along  its  lower 
surface.  The  lateral  ridges  of  the  urogenital  opening  become  united 
from  behind  forwards  along  the  middle  line,  and  this  union,  is  gradually 
continued  into  the  ridges  of  the  groove  below  the  penis,  so  as  to 
enclose  a canal  which  becomes  the  urethra  with  its  tegumental  and 
spongy  vascular  coverings,  and  to  form  below  this  the  scrotum,  in  which 
the  raphe  is  the  remains  of  the  median  union  of  the  integument. 

In  female  embryoes,  on  the  other  hand,  the  cylindrical  eminence 
remains  comparatively  small,  and  the  groove  along  its  lower  surface 
widens  into  two  folds,  forming  the  labia  minora  or  nymphae  ; while  the 
larger  lateral  integumental  folds,'  retaining  their  prominence  and  remain- 
ing separate,  constitute  the  labia  majora.  The  groove  is  not  closed,  but 
widened  and  shortened  so  as  to  become  the  vulva,  while  more  deeply 
the  sinus  urogenitalis  shortens  itself  considerably  so  as  to  form  the 
limited  atrium  vagince,  into  which  open  the  urethra  from  the  urinary 
bladder  and  the  now  united  lower  portion  of  Muller’s  ducts  forming  the 
vagina. 

From  the  previous  statement,  it  appears  that  both  the  urinary  and  the 
reproductive  organs  take  their  origin  in  symmetrical  pairs  from  the 
intermediate  cell-masses  of  the  mesoblast,  which  are  situated  to  the  out- 
side at  first,  and  subsequently  below,  the  protovertebral  columns..  The 
earliest  formed  of  these  organs  are  the  Wolffian  bodies,  by  which  the 
others  are  all  intimately  connected  together  in  their  development,  so  as 
to  form  one  great  system.  It  further  appears  that,  while  the  urinary 
■organs  are  developed  in  an  entirely  similar  manner  in  all  embryoes, 
there  are  in  the  sexual  organs  certain  departures  from  the  common  type 
by  which  the  peculiarities  of  the  male  and  female  are  established. . The 
general  plan  of  development  of  those  organs  having  been  previously 
described,  the  history  of  the  process  will  now  be  completed  by  an 
account  of  the  further  changes  which  they  undergo. 

FURTHER  HISTORY  OP  THE  DEVELOPMENT  OP  THE  UROG-ENITAL 

ORGANS. 

The  Kidneys  and  their  Ducts.— These  organs  are  developed  together  from 
a mass  of  formative  cells  situated  posteriorly  on  the  dorsal  aspect  of  the  W olffian 
bodies,  their  first  hollows  being  formed  as  diverticula  from  the  Wolffian  duct. 

The  formative  blastema  of  the  kidney,  as  observed  by  Rathke  in  the  foetal  calf, 
soon  contains  a series  of  club-shaped  bodies  which  have  their  larger  ends  free  and 
turned  outwards,  and  their  smaller  ends  or  pedicles  directed  inwards  towards  the 
future  hilus.  where  they  are  blended  together.  As  the  organ  grows  these  bodies 
increase  in  number,  and  finally,  becoming  hollow,  form  the  nrinifevous  tubes.  At 
first,  short,  wide,  and  dilated  at  their  extremities,  the  tubuli  soon  become  elongated, 
narrow,  and  flexuous,  occupying  the  whole  mass  of  the  kidney,  which  then  appears 
to  consist  of  cortical  substance  only.  At  a subsequent  period,  the  tubuli  nearest 
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tlie  hilus  become  straigliter,  and  thus  form  tlie  medullary  substance.  The  tubuli, 
as  shown  by  Valentin,  are  absolutely,  as  well  as  relatively,  wider  in  the  early 
stages  of  formation  of  the  kidney.  The  Malpighian  corpuscles  have  been 
seen  by  Rathke  in  a sheep’s  embryo,  the  kidneys  of  which  measured  only  two 
and  a half  lines  in  length.  Kolliker  observed  the  kidneys  already  formed  in  the 
human  embryo  of  between  six  and  seven  weeks,  the  ureter  being  hollow,  and 
communicating  with  dilated  cavities  within  the  rest  of  the  blastema.  At  eight 
weeks  they  had  assumed  their  characteristic  reniform  shape,  and  about  the  tenth 
week  they  are  distinctly  lobulated.  The  separate  lobules,  generally  about  fifteen 
in  number,  gradually  coalesce  in  the  manner  already  described  ; but  at  birth, 
indications  of  the  original  lobulated  condition  of  the  kidney  are  still  visible  on 
the  surface,  and  the  entire  organ  is  more  globular  in  its  general  figure  than  in 
the  adult.  The  kidneys  are  then  also  situated  lower  down  than  in  after-life. 

In  the  advanced  foetus  and  in  the  new-bom  infant,  the  kidneys  are  relatively 
larger  than  in  the  adult,  the  weight  of  both  glands,  compared  with  that  of  the 
body,  being,  according  to  Meckel,  about  one  to  eighty  at  birth. 

The  Suprarenal  Bodies. — These  organs  have  their  origin  in  a mass  of 
blastema,  placed  in  front  of  and  between  the  kidneys  and  the  Wolffian  bodies. 
They  appear  to  originate  in  a single  mass,  and  afterwards  to  become  divided. 
Kolliker  has  also  observed  them  in  close  connection  with  the  substanoe  in  which 
the  large  sympathetic  plexus  of  the  abdomen  is  produced,  but  it  is  not  ascertained 
that  they  have  a common  origin. 

In  the  human  embryo  the  suprarenal  bodies  are  at  the  seventh  or  eighth  week 
larger  than  the  kidneys,  and  quite  conceal  them,  but  after  that  time  their  relative 
size  diminishes,  so  that  at  about  the  tenth  or  twelfth  week  they  are  smaller  than 
the  kidneys.  At  six  months,  according  to  Meckel,  the  proportion  of  the  supra- 
renal bodies  to  the  kidneys  is  as  2 to  5 ; at  birth  the  proportion  between  them  is 
1 to  3,  whilst  in  the  adult  it  is  about  1 to  22.  They  diminish  much  in  aged  per- 
sons, and  are  sometimes  scarcely  to  be  recognised. 


The  Urinary  Bladder  and  Urachus. — Ifc  has  elsewhere  been  stated 
that  in  the  human  embryo  the  vesicular  part  of  the  allantois  extending 
beyond  the  umbilicus  is  closed  at  a very  early  period.  Its  pedicle,  how- 
ever, remains  in  communication  with  the  urogenital  sinus,  and  receives 
the  ureters  from  the  developing  kidneys.  The  lower  part  of  the  pedicle 
undergoes  a gradual  dilatation  to  form  the  urinary  bladder,  while  at  the 
connection  of  this  part  with  the  urogenital  sinus  a constriction  occurs 
m the  part  which  gives  rise  to  the  urethra.  This  in  the  female  opens 
at  once  into  the  original  urogenital  sinus,  but  in  the  male  the  passage 
is  continued  onwards  through  the  penis  by  the  median  union  of  the 
parts  below  that  organ. 

The  part  of  the  allantois  situated  above  or  in  front  of  the  bladder  within 
the  abdomen  remains  very  much  narrowed  as  the  urachus,  a taperino- 
process  of  the  upper  extremity  of  the  bladder  into  which  at  first  the 
internal  cavity  is  prolonged,  but  which  later  consists  only  of  the 
muscular  and  fibrous  coats.  This  process  may  for  a time  be  traced  for 

Tuhin  tl?e  umMical  C01’d>  but  at  an  early  period  all 
i estiges  of  its  farther  prolongation  disappear. 

nr, r?in,mmo?(0rdbTrI?  hi?th  sexes’  as  was  M\y  shown  by  Tiersch 
H i ?n  18o^,  the  two  Wolffian  ducts  become  united  by  sur- 
ElnrlrW?  substances  into  one  cord  behind  the  lower  part  of  the  urinary 
‘ i ’ .u  lc  amm&  internally  their  separate  passages  until  they 
uropmtalis.  With  this  cord  the  Mullerian  ducts  are 
il  1 , 1 ,,  postenoily,  so  that  at  onetime  there  are  four  passages 
onZt  1°  Wh0lf  °f  th°  S'euital  cord.  The  Mullerian  ducts  next 
m 0 on®  at  some  little  distance  from  their  lower  ends,  and  this 
•’  on>  piogiessmg  upwards  and  downwards  for  a considerable  space,  a 
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single  median  cavity  is  produced  which  lies  between  the  still  separate 
canals  of  the  Wolffian  ducts.  A large  accumulation  of  tissue  in  its  walls 
gives  to  the  genital  cord  great  thickness  as  compared  with  the  neighbour- 

Fig.  008. 


Fig.  608. — Transverse  Sections  op  the  Genital  Cord  in  a Female  Calf  Embryo. 
Magnified  14  diameters  (from  Kolliker). 

1,  near  the  upper  end  ; 2 and  8,  near  the  middle  ; 4,  at  the  lower  end  ; a,  anterior, 
p,  posterior  aspect ; rn,  Mullerian  ducts,  united  or  separate  ; W,  Wolffian  ducts. 


ing  parts  of  the  ducts  where  they  emerge  from  its  enclosure.  The  lower 
part  of  the  united  Mullerian  ducts  thus  comes  afterwards  to  form  the 
foundation  of  the  vagina  and  lower  part  of  the  uterus  in  the  female, 
and  the  corresponding  prostatic  vesicle  with  its  occasional  accompani- 
ments, or  the  uterus  masculinus  of  the  male. 


REPRODUCTIVE  ORGANS. 


In  the  farther  history  of  the  development  of  the  genital  organs  it 
will  be  expedient  to  consider  them  in  the  two  sexes  in  succession  under 


Fig.  609. 


Fig.  609. — Internal  Genital  Organs  of  a Male 
Hitman  Embryo  of  34  inches  long  (from  Waldeyer). 

t,  body  of  the  testicle  with  seminal  canals  formed  ; 
e,  epididymis,  or  upper  part  of  Wolffian  body  ; w,  Wolf- 
fian body,  lower  part,  becoming  paradidymis  or  organ  of 
Giraldes  ; w',  Wolffian  duct,  becoming  vas  deferens  ; g, 
gubernaculum. 

the  three  heads  of  1st,  the  productive 
organs  ; 2nd,  the  conducting  passages  ; and 
3rd,  the  external  organs. 

Reproductive  Glands. — It  has  already 
been  explained  that  although  the  male  and 
female  productive  organs  take  their  origin 
from  a mass  of  blastema  which  is  on  the 
whole  identical  in  the  two  sexes,  yet  there 
are  such  differences  in  the  development  of 
the  essential  parts  of  the  respective  structures  of  the  ovary  and  testicle 
as  almost  to  warrant  the  conclusion  that  these  organs  are  from  the  first 
in  some  measure  distinct. 


FARTHER  DEVELOPMENT  OF  THE  TESTICLE. 


315 


The  distinction  of  sex  begins  to  be  perceptible  in  the  internal  organs 
of  the  human  embryo  in  the  seventh  week,  and  becomes  more  apparent 
in  the  eighth.  The  reproductive  gland  is  from  the  first  connected  with 
•the  Wolffian  body,  of  which  its  blastema  seems  to  be  actually  a part  ; 
and  it  remains  attached  to  it,  or  after  its  disappearance  to  the  structure 
which  occupies  its  place,  by  a fold  of  the  peritoneal  membrane,  consti- 
tuting the  mesorchium  or  mesovarium.  Upper  and  lower  bands  fix 
the  Wolffian  body ; the  upper  passing  to  the  diaphragm  may  be  named 
the  diaphragmatic ; the  lower  running  down  towards  the  groin  from 
the  Wolffian  duct,  contains  muscular  fibres  and  constitutes  the  future 
gubernaculum  testis  and  round  ligament  of  the  uterus. 

The  Testicle.— In  male  embryoes  at  the  tenth  week  already  seminal 
canals  are  visible,  being  at  first,  according  to  Kolliker,  entirely  composed 
of  cells,  but  by  the  eleventh  and  twelfth  weeks  the  tubes  have  become 
somewhat  smaller,  longer,  and  are  now  branched  and  possess  a mem- 
brana  propria.  There  is  also  by  the  end  of  the  third  month  a com- 
mencement of  lobular  division,  and  the  body  of  the  testis  is  now 
covered  with  a condensed  layer  of  fibrous  tissue  which  forms  the  tunica 
albuginea. 


In  connection  with  the  development  of  the  spermatic  filaments  or  spermatozoa, 
the  essential  part  of  the  male  reproductive  element,  previously  referred  to  at 
p US  of  this  volume,  it  may  here  further  be  stated  that  renewed  researches  bv 
Neumann  (Archiv  fur  Microsc  Anat.,  vol.  xi.,  p.  292),  appear  to  show  that  the 
•doubts  tin  own  by  Sertoli  and  Merckel  on  the  statements  of  V.  Ebner  are  not 
well  founded,  that  there  really  exist  within  the  seminal  ducts  protoplasmic 
•columns  stretching  from  within  the  wall  of  the  tube  into  its  cavity,  and  that  the 
spermatic  filaments  are  produced  in  connection  with  the  inner  ends  of  the 
columns  as  branched  lobes  amounting  in  general  to  ten  or  twelve  in  number,  in 
which  the  heads  lie  outwards  imbedded  in  the  protoplasmic  stalk,  and  the  fila- 
ments or  tails  are  directed  inwards  towards  the  central  lumen  of  the  tube  Each 
stalk,  or  spcrimt oblast,  as  Neumann  proposes  to  name  it,  possesses  a large  clear 
nucleus  with  nucleolus,  and  previous  to  the  formation  of  the  heads  there  are 
nuclei  corresponding  in  number  to  them,  which  do  not.  however,  appeal  £ arise 
diiectly  from  division  of  the  mam  nucleus  of  the  stalk,  but  rather  to  be  formed 
, lee  nuclei  m the  protoplasm.  Each  spermatozoon  consists  of  three  parts 

V T n “f®  TSt  G!XS!ly  dlstm£uished  m those  which  have  not  reached  their  fta-e 
of  full  development.  These  parts  are,  1st,  the  head,  or  as  it  mav  from  its 
m some  animals  be  called,  the  hook  ; 2nd.  the  body  or  middle  ™ 

me^  o^teirTheafirffofirilU5,0f  “7esioular  »PP“»nee  ; and  3rd,  the  ffla- 
ment  01  tail.  The  fiist  of  these  proceeds  more  immediately  from  a nucleus  the 

second  is  the  remains  of  the  protoplasmic  covering  of  a spennatoblastic  lobe’  the 

SLfuV£  sss***  .w  - closet  ;fo^t 

vLfbe Wu tS ^mfP~s  from  these  plates,  and  in  the  K 

number  of opu^e' l^'nla  TNf0''’""8  «"  ^ * - 

ascertained  but  whir),  it  • * eUcal  celU  tlle  exact  nature  of  which  is  not 
3K’  hlCh  * 18  con3ectured  may  be  the  source  of  new  sper- 

toblastf  (£ The1  femi^l1  tobeTtvitlf  the  of  tIle  analogy  of  these  sperma- 

found  in  the  canals  of  the  coif  vat  ciliated  cells  ^ich  are 

ance  with  which  it  may  be  held  that thfV  th°  ePidid^lis,  in  accord - 

of  ciliary  structure,  developed  from  nmt  .sllclinatlc  laments  are  a peculiar  form 
which  undergo  a peculiar  Iiodificattt^1^11110  elements  of  a ceUular  nature,  but 
of  the  spermatozoa!  mod^on  m connection  with  the  special  destination 
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The  Ovary. — Considered  as  a glandular  organ  the  ovary  differs  from 
other  glands  by  the  absence  from  it  of  excretory  ducts,  and  by  the 


Fig.  610. 


m 


Fig.  610.— Internal  Organs  op  a Female 
Human  Fcetcs  of  3£  incues  long.  Magnified 
(from  Waldeyer). 

o,  the  ovary  full  of  primordial  ova  ; c,  tubes 
of  the  upper  part  of  the  Wolffian  body  forming 
the  epooplioron  (parovarium  of  Kohelt)  ; W,  the 
lower  part  of  the  Wolffian  body  forming  the 
paroophoron  of  His  and  W aldeyer ; W',  the  W olffian 
duct;  M,  the  Mullerian  duct;  m,  its  upper 
fimbriated  opening. 

separation  of  its  conducting  passages 
from  the  glandular  or  productive  part 
of  its  structure.  Like  the  testicle  it 
begins  to  manifest  its  peculiar  charac- 
teristics by  the  seventh  or  eighth  week, 
when  the  germ-epithelium  has  attained 
considerable  thickness,  and  forms  a 
decided  prominence  on  the  mesial  side 
of  the  W olffian  body.  The  farther  de- 
velopment of  the  glandular  part  of  the  organ  consists  mainly  m the 
formation  of  ovigerms  and  ova,  and  the  implantation  _ of  th^e 
(Iraafian  follicles  by  a peculiar  combination  or  intermixture  of  the 
superficial  germinal  cells  with  the  deeper  blastema  which  forms  the 

stroma  of  the  organ. 

T a former  of  this  volume,  under  Ovary,  p.  478,  the  development  of  the 

enables  ns  to  odd  some  important  details  £ ‘tbwTrm s^oy W,  Edin..  1S75) 
iSKS  tmTeLtb—f  Spits'  to  berths  most  pmbable 
"tS  mole  of  development  of  ova  In  the  h— a^  6U,  B, 

is  seen  a portion  of  the  germ-epithehum^ and ^^e^  t^e  ce  . ^ ^ ^ 
enlargement  and  conversion  mto  an the  germinal  vesicle  with  its 

outer  protoplasm  becomes  the  yolk,  an  _ , , 0>  clusters  of  ovigerms  in 

nucleolus  or  macula  At  »,  a tnktoto’ to  ova^to^ S-,  and  ale  being 
various  stages  of  development  have  . o-rowth  of  the  connective  tissue 

surrounded  collectively  and  mdmdually  by  growth  ^ ^ ^ ^ 

of  the  ovarian  stoma  advjKmgfr in  these,  as  also  in  the  isolated 

clusters  are  more Covering  0f  altered  connective  tissue  corpuscles  is 
ovigerm  represented  in  o. , & , mi  •„  the  origin  of  the  cells 

LS  to  bo  forming  round  ^ «e  not  pUSk  a,  Waldeyer 

of  the  tunica  granulosa,  which  Foul  ■ interstitial  coimective  tissue 

believed,  from  germ-epithehal  cells,  bu of  the  stroma  (»,»,) 
of  the  deeper  ovarian  stroma.  In  A,  ^ tQ  furnisll  the  first  elements 

are  seen  surrounding  seveia  enveloping-  the  ova.  and  covering  imme- 

of  the  wall  of  the  Graafian  follicles  ^ somewhat  farther 

diately  the  granulai  cel  protoplasm  and  the  germinal  vesicle  are  shown 
advanced,  the  ™^^t5o(tge  gllmrlar  cell  covering  and  fibro-cellular  wall  of 
£ folUoleTbut  the  sona  pellucida  is  not  yet  perceptrble. 
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tion^o^Foul^^cons^t^^a^n^v1^^  °f  ^ °VUm'  as  ascerta^ed  by  the  obserya- 

Ptam,  the  SalTrfa^ °f  ^ “T.  °f  JoUr 

combination  with  it  (deutoplasm  of1  Edw  ™ lb™mous  and  fatty  granules  in 
-an,  ol  the  zona 

Fig  611. 


Kg.  611.-Y™  ,m  Formation  of  Ova  an»  Graafian  f„„ 

. „ . (from  Foulis)  "“FU!‘  Fo™™lNTHEOvA,r 

A,  small  portion  of  the  ovirv  nf  o i . ' 

wmm mmtrnm 

‘-■‘aa=caS-is?i 

layer  of  the  yolk  substance  An*  t 

observations  of  OeUacher  and  BaHour  ^f)  be  remarked  that  the  recent 

plasm  may  explain  in  some  deo-lee  nr  l^6  radiated  structure  of  the  yolk  proto- 
aikmg  of  the  zona  pellucida.  ° ’ be  COnnected  with  the  linear  radiated 

. kuch  is  the  number  of  ova  fn  • i • 

in  the  human  foetus  of  six  to  sJZ*  m ^ “anner  now  described,  that 
to  con6ist  of  ^ 

3 g 2 
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each  primordial  ovum  is  closely  embraced.  A uniform  layer  of  such 
ova  of  nearly  equal  size  is  especially  to  be  found  towards  the  surface  ; 
but  in  the  two  later  months  of  foetal  life  some  of  the  ova  and  follicles 
advance  to  a farther  stage  of  development,  and  increase  in  size,  and 
this  advance  is  invariably  accompanied  by  a change  of  position  of  these 
ova  to  a deeper  stratum  of  the  ovary.  The  most  advanced  of  the  ova, 
therefore,  are  situated  deepest  in  this  the  earlier  stages  of  the  ovarian 
development.  It  is  different,  however,  when  some  years  after  birth, 
and  still  more  towards  the  age  of  puberty,  a few  of  the  Graafian  follicles 
•expand  to  a great  extent,  and  ultimately  when  mature  reach  the 
diameter  of  about  a quarter  of  an  inch,  for  then  the  expanding 
Graafian  follicle  gradually  approaches  the  surface  of  the  ovary,  or 
perhaps  rather,  during  the  rapid  expansion  of  the  follicle,  the  ovarian 
stroma  gives  way  by  absorption  between  the  follicle  and  the  surface. 

As  the  Graafian  follicle  expands  with  the  slightly  enlarging  ovum,  the 
thickness  of  the  layers  of  condensed  connective  tissue  or  stroma  round 
the  ovum  increases,  and  thus  there  are  gradually  formed  the  layers  which 
have  been  described  as  the  follicular  walls,  while  blood-vessels  penetrate 
into  them  so  as  to  form  the  vascular  network  of  the  covering.  Within  the 
follicle  the  granular  cells  multiply  so  as  to  form  several  layers  lining  the 
whole  follicle  and  closely  covering  the  ovum.  As  yet  there  is  no  space 
between  the  ovum  and  wall  of  the  follicle  except  that  which  is  occupied 
by  the  granular  cells,  and  for  a long  time  the  follicle  is  not  larger  than 
to  enable  it  to  enclose  the  ovum ; but  in  the  more  advanced  stages  a 
proportionally  great  enlargement  of  the  follicle  takes  place,  in  conse- 
quence of  the  separation  of  two  layers  of  the  granular  cells,  so  as  to 
form  a space  in  which  fluid  accumulates,  and  thus  one  or  more  layers 
of  cells  are  left  lining  the  expanded  follicle  and  constituting  its  tunica 
granulosa,  while  those  covering  the  ovum,  which  is  now  thrown  to  one 
side  of  the  follicle,  form  the  investment  known  as  the  discus  proligerus, 
which  appears  as  a reflected  portion  of  the  tunica  granulosa  (see 
figs.  335  and  336,  pp.  473  and  475). 


As  connected  with  the  difference  in  the  seat  and  mode  of  development  of  the 
essential  parts  of  the  male  and  female  productive  organs,  the  important  question 
presents  itself  of  the  possibility  or  reality  of  the  simfot.uicous  coexistence  m any 
cases  of  malformation  of  ovaries  and  testes  on  one  or  both  sides  of  the  body  in 
the  same  individual.  From  what  has  been  stated  above  the  pospbdity  of  such 
coexistence  may  perhaps  be  theoretically  admitted  On  this  subject  the  leade 
may  consult  an  interesting  account  by  Dr.  C.  L.  Heppnei  o . ® 

(Reichert’s  and  Dubois  Reymond’s  Archiv  for  1870,  p.  679),  of  ® ' ble 
child  which  lived  two  months  after  birth,  in  which,  along  with  a consideiable 
amount  of  the  better  known  conditions  of  approximation  oi  minglm., 
sexual  characters,  it  appeared  that  two  organs  coexisted,  on  one  of  which,  peeing 
in  all  respects  with  the  ovary,  primordial  ova  in  Graafian  follicles  were  o s > 
and  to  Star  of  a distmcilj  rounded  form  and  compact  structure,  and  so  far 
corresponding  to  the  testicle  and  unlike  any  of  the  other  known  vestigial  oigam, 
branched  and  coiled  tubes,  fiRed  with  cells  in  a manner  exactly  the  waej 
those  of  the  seminal  canals,  were  ascertained  by  microscopic  observation  to  exist. 
The  parovarium  (epididymis  or  coni  vasculosi)  also  existed. 


The  eenital  passages— The  existence  of  two  sets  of  tubes  between 
■the  internal  productive  organs  and  the  external  parts  lias  already  bee 
adverted  to  I a feature  common  to  both  sexes.  The  fer male ^organs  con- 
trust  with  the  male  in  the  large  development  of  one  of  these  tubeb,  viz., 
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dacts  int0  feh'  passages,  and  in  the  abortive  disappear- 

ducts  of  Mfltater  frarfc0f  the  Wolffian  ducts  ; while  in  the  male  the 
ducts  of  Mullei  suffer  m a great  measure  the  abortive  retroeradation 

mes  trei  proc\uced  out  of  canals  formed 
di  ct  ITT  fn  ff. of  t ,e  body  and  the  whole  of  the  Wolffian 

c net.  Hut  as  m all  embryoes  of  whatever  sex  both  sets  of  tnbps  nrp 

S2  Fnto The  ±le  ? different  0ne  0f  original  tnbes^  becomes 
eveioped  mto  the  respective  permanent  conducting  passages  veshVp* 

b1t“r  °r,glnaI  t,to  are  “™™bly  present  in%ST  d^reeTS 

Fonhe  FeiUale  Passages.— In  the  female,  the  vagina  uterus  and 
Fallopian  tubes  are  formed  out  of  the  Mullerian  duot^  TW  ’ r 

Of  the  ducts  in  which  they  become  fused  togeS  is  d reloped  i^to  lhe 
vagma,  the  cerm,  and  part  of  the  body  of  the  uius?Zd  thfpecT 


Fig.  612.  — Dia- 
gram OF  THE  FE- 
MALE Tl'PE  OF 

Sexual  Organs. 


Fig.  612. 


This  and  figure 
615  represent  dia- 
grammatically  a 
state  of  the  parts 
not  actually  visi- 
ble at  one  time  ; 
but  they  are  in- 
tended to  | illustrate 
the  general  type  in 
the  two  sexes,  and 
more  particularly 
the  relation  of  the 
two  conducting 
tubes  to  the  develop- 
ment of  one  as  the 
natural  passage  in 
either  sex,  and  to 
the  natural  occur- 
rence of  vestiges  of 
the  other  tube,  as 
well  as  to  the  per- 
sistence of  the  whole 
or  parts  of  both 
tubes  in  occasional 
instances  of  herma- 
phroditic nature. 

1,  the  left  kid- 
11  ey  ; 2,  suprarenal 
body  ; 3,  ureter,  of 
which  a part  is  re- 
moved to  show  the 

place  o^itToilginal1  formation  ^ova  ^ ’ °’  th°  left  ovaiT  nearly  in  t 

remains  of  Wolffian  tubes  near’  it  \ ’ ep“phoron  of  Waldeyer  ; W,  scatter, 

that  of  the  right  side  cut  short  is  ma.-k2  f ^ 1Uer’  represented  by  dotted  line? 

!l01TitUbe  ’ U’  the  uPPer  part  of  the  body  of’  (h  abdominal  °PeuinS  of  the  le 
ance  of  division  into  cornua  ; the  Falloobn  i i * u*erus>  Presenting  a slight  appea 

m > ff>  roimd  bgament,  corresponding  to  !„  tube  ,0t  the  n°ht  side  cut  short  is  marke 
va,  vagina;  h situation  of  the  Tymen  *0  l/’  }°*er  part  °*  the  intestine 

immediately  above  it  the  urethra  • c c mr  ’ ^ and  ot  Bartholin  (Cowper’s  gland)  an 
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liarity  of  the  mode  of  fusion  accounts  for  the  occurrence,  as  a rare 
anomaly,  not  only  of  double  uterus,  but  of  duplicity  of  the  vagina, 
coincident  with  communication  between  two  lateral  halves  of  the  uterus. 
The  next  following  part  of  the  Mullerian  duct,  constitutes  in  animals 
with  horned  uteri,  the  cornu  of  the  uterus  ; but  in  the  human  subject 
it  remains  comparatively  short,  entering  into  the  formation  of  the  upper 
part  of  the  organ.  The  remaining  upper  portion  of  the  Mullerian  duct 
constitutes  the  Fallopian  tube— becoming  at  first  open  and  subsequently 
fringed  at  a short  distance  from  its  upper  extremity. 

The  pediculated  hydatid  of  the  fimbriated  extremity  (Hydatid  of  Morgagni) 
appears  to  be  the  remains  of  the  original  upper  end  of  the  Mullerian  tube. 
The  additional  or  accessory  fimbria;  and  openings  referred  to  at  p.  471,  and  by 
Henle  in  his  Handbuch,  vol.  ii.,  p.  470,  may  admit  of  explanation  on  the  suppo- 
sition of  the  duct  of  Muller  having  remained  open  at  these  places. 

In  the  human  embryo  of  the  third  month  the  uterus  is  two-homed,  and  it  is 
by  a subsequent  median  fusion  and  consolidation  that  the  triangular  body  of  the 
entire  organ  is  produced.  The  cornua  uteri,  therefore,  of  the  human  uterus 
correspond  with  the  separate  cornua  of  the  divided  uterus  in  animals,  and  this 
explains  the  occasional  malformation  consisting  in  the  greater  or  less  division  of 
the  uterine  cavity  and  vagina  into  two  passages.  There  is  no  distinction  in  the 

Fig.  613. 

A B 


Fiff.  613. — Female  Genital  Organs  of  the  Embryo  with  the  Remains  of 

Wolffian  Bodies  (after  J.  Muller). 

A,  from  a foetal  sheep;  a,  the  kidneys;  h,  the  ureters;  c,  the  ovaries  > 

Wolffian  bodies  ; e,  Fallopian  tubes  ; /,  their  abdominal  openings  ; g,  thei  ^ 

body  of  the  uterus.  B,  more  advanced  from  a foetal  deer  ; a,  body  of  .’i 

cZ»a  ; c,  tubes ; d,  oiaries  ; e.  remains  of  Wolffian  bodies.  0 st.l  i advan^l 

from  the  human  foetus  of  three  months  ; a,  the  body  of  the  uterus  i,  * 

ment  ; c,  the  Fallopian  tubes  ; d,  the  ovaries  ; e,  remains  of  the  Wolffian  bodies. 

human  foetus  in  the  third  and  fourth  month  between  the  vagina 
the  fifth  and  sLxth  months  the  os  uteri  begins  to  be  formed,  and _the neck  is  s 
sequently  gradually  distinguished.  Thickening  succeeds  m the  walls  o t 
uterine  portion  ; but  this  takes  place  first  in  the  cervix,  which _up  to*e  time 
birth  is  much  larger  and  thicker  than  the  body  o u u cnis  ( v ^ ducts 

In  the  meantime  the  Wolffian  bodies  undergo  a partial  atrophy , and  tl 
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become  more  or  less  obliterated  and  abortive  in  different  parts.  The  most  con- 
stant vestige  of  the  Wolffian  bodies  in  the  female  is  the  now  well-known  body 
of  Rosenmuller  or  Parovarium  of  Kobelt  (Roseniniiller,  Quondam  de  Ovariis 
Embry.  Human.,  Lipsim,  1802  ; Kobelt,  der  Nebeneierstock  des  Weibes,  Heidelberg, 
1847),  which  has  already  been  described  at  p.  480  of  this  volume,  the  epoophoron 
of  Waldeyer,  and  which,  being  produced  out  of  the  same  elements  as  the  epididy- 
mis of  the  male,  presents  a remarkable  resemblance  to  that  body.  The  canal 
■uniting  the  radiating  tubes  (coni  vasculosi)  of  this  organ  is  also  usually  persistent, 
but  ceases  at  a short  distance  below.  In  the  sow  and  several  ruminants,  how- 
ever, the  subdivided  upper  tubular  part  or  epoophoron  has  disappeared,  and  the 
main  tube  (middle  part  of  the  Wolffian  duct)  remains  in  the  duct  of  Gctertner,  a 
strong,  slightly  undulated  tube,  which  is  traceable,  first  free  in  the  broad  ligament 


Fig.  614. 


Fig.  614. — Adult  Ovarvt,  Parovarium  and  Fallopian  Tube  (from  Farre,  after 

Kobelt). 

a,  a,  Epoophoron  (parovarium)  formed  from  the  upper  part  of  the  Wolffian  body  ; 
b,  remains  of  the  uppermost  tubes  sometimes  forming  hydatids  ; c,  middle  set  of  tubes  ; 
d,  some  lower  atrophied  tubes  ; e,  atrophied  remains  of  the  Wolffian  duct  ; /,  the  terminal 
bulb  or  hydatid  ; h,  the  Fallopian  tube,  originally  the  duct  of  Muller  ; i,  hydatid 
attached  to  the  extremity  ; l,  the  ovary. 


of  the  uterus,  and  lower  down  becoming  incorporated  with  the  wall  of  the  uterus 
and  vagina,  upon  which  last  it  is  lost. 

The  Male  Passages. — The  conversion  of  the  Wolffian  duct  into 
the  vas  deferens  of  the  testicle  was  first  demonstrated  in  animals  by 
Rathke,  in  correction  of  the  views  of  J.  Muller  (Meckel’s  Archiv,  1832), 
and  was  further  proved  and  illustrated  by  H.  Meckel  and  Bidder  (H. 
Meckel,  Zur  Morphol.  der  Harn  und  Geschlechts-Organe  der  Wirbel- 
tliiere,  Halle,  184-8 ; Bidder,  Male  Organs  in  the  Amphibia,  Dorpat, 
184G).  Kdlliker  showed  that  a similar  process  occurs  in  the  human 
embryo,  and  that  a communication  established  between  the  seminal 
tubes  of  the  testicle  (rete  testis)  and  some  of  the  upper  tubes  of  the 
Wolffian  body  gave  rise  to  the  epididymis. 

The  observations  of  Cleland  and  Banks  first  pointed  out  clearly  the 
difference  between  the  structure  of  the  upper  nonglomerular,  or  simply 
tubular  part  of  the  Wolffian  body,  and  that  of  the  lower  and  glomerular, 
or  primordial-kidney  part. 


* 
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In  the  male,  tlie  Mullerian  ducts  are  destined  to  undergo  little  develojiment  and 
are  of  no  physiological  importance,  while  the  ducts  of  the  Wolffian  bodies,  and 
probably  also  some  part  of  their  glandular  substance,  form  the  principal  part  of 
the  excretory  apparatus  of  the  testicle.  The  united  portion  of  the  Mullerian 
ducts  remains  as  the  vesicula  prostatica,  which  accordingly  not  only  corresponds 
, w ith  the  uterus,  as  was  shown  by  Weber,  but  likewise,  as  pointed  out  by  Leuckart.. 
contains  as  much  of  the  vagina  as  is  represented  in  the  male.  In  some  animals 
the  vesicula  prostatica  is  prolonged  into  cornua  and  tubes;  but  in  the  human 
subject  the  whole  of  the  ununited  parts  of  the  Mullerian  ducts  disappear,  except- 
ing, as  suggested  by  Kobelt,  their  upper  extremities,  which  seem  to  be  the  source 
of  the  hydatids  of  Morgagni.  The  excretory  duct  of  the  Wolffian  body,  from  the 
base  of  that  body  to  its  orifice,  is  converted  into  vas  deferens  and  ejaculatory 
duct,  the  vesicula  seminalis  being  formed  as  a diverticulum  from  its  lower  part 
(Waldeyer). 

With  respect  to  the  formation  of  the  epididymis,  it  appears  certain  that  the 
larger  convoluted  seminal  tube,  which  forms  the  body  and  globus  minor  of  the 
epididymis,  arises  by  a change  or  adaptation  of  that  part  of  the  Wolffian  duct 
which  runs  along  the  outer  side  of  the  organ.  The  vas  aberrans  or  vasa  aber- 


Fig.  615. 


Fig.  615. — Diagram  of 

the  Male  Type  of 

Sexual  Organs. 

1,  2,  3,  4,  and  5, 
as  in  figure  612  ; t, 
testicle  in  tlie  place  of 
its  original  formation  ; e, 
caput  epididymis  ; v d, 
vas  defererfs  ; W,  scat- 
tered remains  of  the  Wolf- 
fian body,  constituting  the 
organ  of  Giraldes,  or  the 
paradidymis  of  Waldeyer ; 
v h,  vas  aberrans  ; in, 
Mullerian  duct,  the  upper 
part  of  which  remains  as 
the  hydatid  of  Morgagni, 
the  lower  paid,  repre- 
sented by  a dotted  line 
descending  to  the  pro- 
static vesicle,  consti- 
tutes the  cornu  and  tube 
of  the  uterus  masculinus  ; 
g,  the  gubernaculum  ; 
v s,  the  vesicula  semi- 
nalis ; p r,  the  prostate 
gland  ; C,  Cowper’s 
gland  of  one  side  ; c p, 
corpora  cavernosa  penis 
cut  short  ; 5 p,  corpus 
spongiosum  urethras ; s, 
scrotum  ; tf,  together  with 
the  dotted  lines  above, 
indicates  the  direction 
in  which  the  testicle 
and  epididymis  change 
place  in  their  descent 
from  the  abdomen  into 
the  scrotum. 


rantia  of  Haller  appear  to  be  the  remains  also,  in  a more  highly  convoluted  form, 
of  one  or  more  of  the  tirbes  of  the  Wolf  Irian  body  still  adhering  to  the  excretory 
duct  of  the  organ,  and  their  communication  with  the  main  tube  of  the  epidi- 
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dymis  receives  an  explanation  from  that  circumstance.  As  to  the  coni  vasculosi 
in  the  upper  part  of  the  epididymis,  it  has  been  customary  to  regard  them  as 
produced  by  a transformation  of  the  tubes  and  duct  in  the  upper  part  of  the 
Wolffian  body,  according  to  the  views  most  fully  given  by  Kobelt ; but,  accord- 
ing to  the  more  recent  observations  of  Banks,  the  origin  of  the  coni  vasculosi  is 
most  probably  due  to  a process  of  development  occurring  in  a new  structure  oj- 
mass  of  blastema  which  had  been  previously  observed  by  Cleland,  and  which  is 
formed  in  connection  with  the  upper  end  of  the  Wolffian  body,  and  close  to  the 
Mullerian  duct.  Within  this  blastema  Cleland  showed  that  the  tubes  of  the 
efferent  seminal  vessels  and  the  coni  vasculosi,  together  with  the  tube  which 
connects  them,  are  formed  anew,  while  the  tubes  of  the  lower  primordial-kidney 
part  of  the  Wolffian  body  are  undergoing  an  atrophic  degeneration.  This  has 
been  confirmed  by  the  detailed  observations  of  Banks,  who  has  further  shown 
the  continuity  of  their  uniting  tube  with  the  Wolffian  excretory  duct. 

According  to  this  view,  the  caput  epididymis  must  be  regarded,  not  simply  as  a 
conversion  of  the  upper  part  of  the  Wolffian  body,  but  rather  as  a new  forma- 
tion, or  superinduced  development  of  tubes  in  blastema  connected  with  it. 

The  coni  vasculosi,  so  forfned,  become  connected  with  the  body  of  the  testicle 
by  means  of  a short  straight  cord,  which  is  afterwards  subdivided  into  the  vasa 
efferentia.  The  peritoneal  elevation  descending  from  the  testis  towards  the  lower 
extremity  of  the  Wolffian  body,  is  the  upper  part  of  the  plica  gubematrix,  and 
becomes  shortened  as  the  testicle  descends  to  meet  the  lower  end  of  the  epidi- 
dymis; the  peritoneal  elevation  which  passes  down  into  the  scrotum,  and  is 
continuous  with  the  other,  is  the  more  important  part  of  the  plica  gubematrix. 
connected  with  the  gubemaculum  testis.  The  spermatic  artery  is  originally  a 
branch  of  one  of  those  which  go  to  the  Wolffian  body,  and  ascend  from  the 
surface  of  the  Wolffian  body  to  the  upper  part  of  the  testis,  along  the  ligaments 
connecting  them  ; but,  as  the  testis  descends,  the  artery  lies  entirely  above  it. 
and  the  secreting  substance  of  the  Wolffian  body  remains  adherent  to  it ; and 
hence  it  is  that  the  organ  of  Gir aides,  which  consists  of  persistent  Wolffian 
tubules,  is  found  in  a position  superior  to  the  epididymis.  (For  a fuller  account 
of  this  subject  the  reader  is  referred  to  Banks  “ On  the  Wolffian  Bodies.”  Edin 
1864.) 


The  Descent  of  the  Testicles. 

The  testicles,  which  are  origin- 
ally situated  in  the  abdominal 
cavity,  pass  down  into  the 
scrotum  before  birth.  The  testicle 

of  the  !i^hfhtemal+un?U1inal  lhXg  in  the  seventh  month  of  fcetal  life  : by  the  e 

before  birth  ih USnUaU/  descended  into  the  scrotum,  and.  a little  ti 
1“’  the  narrow  neck  of  the  peritoneal  pouch,  by  which  it  previou 

Zf  , ? the  8'eneral  Peritoneal  cavity  becomes  closed,  and  the  p 

Sit  ^ — al  cavity,  ^ 

intvhe  scrotam-  ~ ^ 

and  into  its  posterior  part  there  projects  a considerable  columnar  elevati 


Fig.  616. — V rIEW  FROM  BEFORE  OF 
TnE  Adult  Testis  and  Epididy- 
mis (from  Farre,  after  Kobelt). 

a,  a,  convoluted  tubes  iu  tlie 
head  of  the  epididymis  developed 
from  the  upper  part  of  the  Wolffian 
body ; b and/,  hydatids  in  the  head 
of  the  epididymis  ; c,  coni  vasculosi  ; 
d,  vasa  aberrantia  ; h , remains  of 
the  duct  of  Muller  with  i,  the 
hydatid  of  Morgagni  at  its  upper 
end  ; l , body  of  the  testis. 


Fig.  616. 
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:il ready  alluded  to,  which  is  filled  with  soft  tissue,  and  is  termed  plica  gubernatrix. 
There  is  likewise  a fibrous  structure  attached  inferiorly  to  the  lower  part  of  the 
scrotum,  and  surrounding  the  peritoneal  pouch  above,  which  may  be  distin- 
guished as  the  gvbernaoulav  cord,  both  this  and  the  plica  gubematrtx  being 
included  in  the  general  term  gubcrnaevluin  testis  (J.  Hunter).  The  gubemacular 
cord  consists  of  fibres  which  pass  downwards  from  the  sub-peritoneal  fascia, 
■others  which  pass  upwards  from  the  superficial  fascia  and  integument,  and  others 
again  which  pass  both  upwards  and  downwards  from  the  internal  oblique  muscle 
mid  the  aponeurosis  of  the  external  oblique  ; it  exhibits,  therefore,  a fusion  of 
the  layers  of  the  abdominal  wall.  Superiorly,  it  surrounds  the  processus  vagi- 
nalis, without  penetrating  the  plica  gubernatrix ; and  the  processus  vaginalis, 
as  it  grows,  pushes  its  way  down  through  the  gubemacular  cord  and  disperses  its 
fibres.  By  the  time  that  the  testis  enters  the  internal  abdominal  ring,  the  pro- 
cessus vaginalis  has  reached  a considerable  way  into  the  scrotum  ; and,  as  the 
testis  follows,  the  plica  gubernatrix  becomes  shorter,  till  it  at  last  disappears ; 
but  it  cannot  be  said  that  the  shortening  of  the  plica  is  the  cause  of  the 
descent  of  the  testicle,  and  much  less  that  (as  has  been  held  by  some)  the  mus- 
■cular  fibres  of  the  gubemacular  cord  are  the  agents  which  effect  this  change  of 
position.  The  arched  fibres  of  the  cremaster  muscle  make  their  appearance  on 
the  surface  of  the  processus  vaginalis  as  it  descends,  while  its  other  fibres  are 
those  which  descend  in  the  gubemacular  cord.  (See,  for  a further  account  of 
this  process,  and  the  various  views  which  have  been  held  with  regard  to  the 
descent  of  the  testicles,  Cleland,  “ Mechanism  of  the  Gubemaculum  Testis." 
Edinburgh,  1856.) 

The  External  Organs. — In  the  human  embryo,  as  in  that  of  animals,  the 
external  organs  are  up  to  a certain  time  entirely  of  the  same  form  in  both  sexes  ; 
•and  the  several  organs  which  afterwards  distinguish  the  male  and  female  exter- 
nally take  their  origin  respectively  from  common  masses  of  blastema  of  precisely 
similar  structure  and  connections.  The  common  cloaca  exists  till  after  the  fifth 
week,  and  the  genital  eminence  from  which  the  clitoris  or  penis  is  formed  makes 
its  appearance  in  the  course  of  the  fifth  and  sixth  weeks  in  front  of  and  within 
the  common  orifice.  In  the  course  of  the  seventh  and  eighth  weeks  the  com- 
mon orifice  is  seen  to  become  divided  into  two  parts,  viz.,  the  longer  slit  of 
the  genito-urinary  aperture  anteriorly,  and  the  narrower  and  more  rounded  anal 
aperture  posteriorly  : but  the  exact  manner  in  which  the  separation  of  these 
two  apertures  takes  place  has  not  yet  been  accurately  traced.  It  is  intimately 
connected  with  the  formation  of  the  urogenital  cord  as  an  independent  struc- 
ture, and  is  probably  mainly  effected  by  the  advance  from  the  sides  and  poste- 
riorly of  septal  bands  which  separate  the  lower  part  of  the  intestine.  Somewhat 
later,  or  in  the  ninth  and  tenth  weeks,  a transverse  integumental  band  completes 
the  division  between  the  anal  and  the  urogenital  orifices,  which  band  forms  the 
whole  of  the  so-called  perineum  of  the  female,  and  the  part  of  the  perineal 
integument  in  the  male  which  is  situated  behind  the  scrotum  ; the  raphe  being 
most  obvious  in  the  male  sex. 

The  cutaneous  folds,  or  circular  genital  ridge,  which  are  afterwards  converted 
into  mons  Veneris,  labia  majora,  and  scrotum,  as  well  as  the  lips  of  the  urogenital 
furrow,  which  are  converted  into  the  nymphae  of  the  female  and  unite  as  integu- 
ment below  the  penis  in  the  male,  are  both  of  early  formation  and  at  first  pre- 
cisely the  same  in  all  embryoes.  In  this  condition,  which  continues  until  the 
eleventh  or  twelfth  week,  the  parts  appear  alike  in  both  sexes,  and  resemble 
very  much  the  more  advanced  female  organs.  The  rudiments  of  Bartholin  s or 
Cooper's  glands  are,  it  is  said,  seen  at  an  early  period,  near  the  root  of  the 
rudimentary  clitoris  or  penis,  on  each  side  of  the  genito-urinary  passage. 

In  the  female,  the  two  lateral  cutaneous  folds  enlarge,  so  as  to  cover  the  clitoris 
and  form  the  labia  niajora.  The  clitoris  itself  remains  relatively  smaller,  and  the 
groove  on  its  under  surface  less  and  less  marked,  owing  to  the  opening  out,  and 
subsequent  extension  backwards,  of  its  margins  to  form  the  nynpher.  The  vas- 
cular  bulbs  remain  distinct  and  separate,  except  at  one  point  where  they  lun 
together  in  the  glans  clitoridis.  The  hymen  begins  to  appear  about  the  fifth 
month  as  a fold  of  the  lining  membrane  at  the  opening  of  the  genital  passage 
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into  the  urogenital  sinus.  Within  the  vestibule,  which  is  the  shortened  but 
widened  remains  of  the  urogenital  sinus,  the  urethral  orifice  is  seen,  the  urethra 
itself  undergoing  considerable  elongation. 

In  the  male,  on  the  contrary,  the  penis  continues  to  enlarge,  and  the  margins 
of  the  groove  along  its  under  surface  gradually  unite  from  the  primitive  urethral 
orifice  behind,  as  far  forwards  as  the  glans,  so  as  to  complete  the  long  canal  of 
the  male  urethra , which  is  therefore  a prolongation  of  the  urogenital  sinus.  This 
is  accomplished  about  the  fifteenth  week.  When  this  union  remains  incomplete, 
the  abnormal  condition  named  hypospadias  is  produced.  In  the  meantime  the 
prepuce  is  formed,  and,  moreover,  the  lateral  cutaneous  folds  also  unite  from 
behind  forwards,  along  the  middle  line  or  raphe , and  thus  complete  the  scrotum, 
into  which  the  testicles  descend  in  the  course  of  the  eighth  month  of  foetal  life. 

The  corpora  cavernosa,  which  are  at  first  separate,  become  united  in  their 
distal  portions  in  both  sexes ; but  the  corpus  spongiosum  urethras  which  is 
also  originally  divided  hi  all  embryoes,  and  in  the  female  remains  so  in  the 
greater  part  of  its  extent,  becomes  enlarged  in  the  male  in  the  glans  penis,  and 
its  two  parts  united  mesially  both  above  and  below  the  urethra,  so  as  to  enclose 
the  whole  of  that  tube  from  the  bulb  forwards  to  the  glans. 


TYPE  OP  DEVELOPMENT  AND  ABNORMAL  FORMS  OP  THE  GENITAL 

ORGANS. 


The  type  of  development  of  the  genital  organs  may  be  stated  to  differ  in  the 
several  parts  of  the  system  in  the  two  sexes  as  follows,  viz.  : — 

1st.  It  is  single  and  homological  in  the  external  organs. 

2nd.  It  is  double  and  heterological  in  the  middle  organs  or  passages. 

3rd.  It  is  partially  double  and  heterological  in  the  productive  organs. 
Accordingly  the  congenital  malformations  of  the  reproductive  organs  admit  of 
being  distributed  under  the  following  divisions  : — 

1st.  Abnormal  forms  attributable  to  deficient,  redundant,  or  abnormal  modes  of 
development  of  one  or  more  of  the  external  organs  in  either  sex,  producing  an 
approach  to  the  form  of  the  other  sex. 


2nd.  Forms  referable  to  deficient,  redundant,  or  abnormal  modes  of  develop- 
ment of  one  or  other  of  the  two  sets  of  sexual  passages,  viz.,  of  the  Wolffian  or 
Mullerian  ducts,  so  as  to  lead  to  the  greater  or  less  predominance  of  sexual 
characters  in  a part  or  the  whole  of  these  passages  inconsistent  with  those  pre- 
vailing in  other  parts  of  the  system,  or  to  the  coexistence  of  both  sets  of  pas- 
sages in  whole  or  in  part. 

. 3i'd-  Extremely  rare  forms  referable  to  the  possible  coexistence  of  the  produc- 
tive parts  of  testicles  and  ovaries  in  the  same  individual,  usually  combined  with 
more  or  less  of  the  foregoing  kinds  of  malformation. 

Upon  the  subject  of  these  malformations  the  reader  may  consult  the  learned 
and  able  article  Hermaphroditism  by  Sir  James  Y.  Simpson  in  the  Cvclop  of 
Anat.  and  Physiol. 


Upon  the  subject  of  malformations  in  general  the  following  works  are  recom- 
mended, viz.  : — 

Isid.  Geoff.  St.  Hilaire,  Hist.  Gen.  et  Partic.  des  Anomalies  de  l’Organisa- 
rion,  &c.,  3 tom.  Paris,  1832—6  ; Cruveilhier,  Anat.  Pathol.,  &c.,  Paris,  1830—42. 
Utto,  bexcentorum  Monstrorum  desc.  Anat.  Vratisl.,  1841  ; Th.  L.  W.  Bischoff. 
Uber  Missbildungen,  &c.,  in  R.  Wagner’s  Handworterbuch  der  Physiol.,  1843  ; 
Wm.  Vrolik,  lab.  ad  illustr.  Embryol.  Horn,  et  Mammal,  tarn  Natur.  quam  Abnor- 
mem,  ™ste  .,1840  and  the  article  “ Teratology  ” by  the  same  author  in  Todd's 
j c op  o na  . and  Physiol. ; Aug.  Forster,  Die  Missbildungen  des  Menschen,  &c., 

ena,  , as  a so  the  systematic  works  of  Rokitanski  and  others  on  Patho- 
logical Anatomy. 


The  following  tabular  scheme  of  the  Corresponding  Parts  of  the 
gem  o-unnary  organs  in  the  two  sexes,  aud  of  their  relation  to  the 
h ormative  Rudiments  of  the  common  embryonic  type,  may  be  useful  in 
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fixing-  attention  on  the  more  important  points  of  the  foregoing  descrip- 
tion, and  indicating  more  clearly  the  homologies  of  the  parts  : — 


Female  Permanent.  Common  Embryonal.  Male  Permanent. 


I. —COMMON  BLASTEMA  OP 
REPRODUCTIVE  GLANDS. 


Ovary  Body  of  Testicle, 

r urmsnes  the  ovigerms  and  re-  1.  Germ-epitlielilun  covering . . Disappears,  and  is  replaced  l.v 
mains  on  the  surface.  serous  covering  of  tunica 

, vaginalis. 

!•  onus  stroma  of  the  ovary  and  2.  Deeper  blastema Forms  glandular  seminal  tubes 

the  Graafian  follicles.  of  the  testis. 


Transverse  tubes  of  epoophoron 
or  organ  of  Roseunvuller 
(Parovarium). 

Paroophoron  (Wald.)  

Bound  ligament  of  the  uterus  . . 


Tube  of  the  Epoophoron  

Ducts  of  Gaertner,  in  cow  and  pig 


Fimbriated  abdominal  opening 

and  terminal  and  occasional 
hydatids 

Fallopian  tubes  

Vagina  and  uterus  


Tissue  uniting  female  urethra  and 
vagina. 

Female  urethra  

Ostium  vaginae.  Hymen 

Vestibule 


Glands  of  Bartholin 


Crura  and  corpus  clitoridis 
Gians  clitoridis  and  vascular 
bulbs  separate) 

Preputium  clitoridis 

Integumental  folds  of  nymphse 
(separate). 

Labia  majora  (separate)  

Perineum  of  female,  with  raphe  . 


II.— WOLFFIAN  BODIES. 

1.  Upper  tubular  lion-glomeru- 
lar part. 

2.  Lower  glomerular  part  (pri- 
mordial kidneys). 

3.  Ligament  of  the  Wolffian 
body. 


III.- WOLFFIAN  DUCTS. 

1.  Upper  and  middle  parts 

2.  Lower  part 


IV. — MULLERIAN  DUCTS. 

1.  Upper  extremity  


2.  Middle  part 

3.  Lower  single  or  median  part 


V.— GENITAL  CORD  AND 
SINUS  UROGENITALIS. 

1.  Substance  surrounding  geni- 
tal cord. 

2.  Upper  part  of  cavity  or 
urinary  pedicle. 

3.  Confluence  of  urinary  and 
genital  parts. 

4.  Lower  part 


5.  Common  blastema 


VI.— EXTERNAL  ORGANS. 

1. — Vascular  parts. 

a.  Corpora  cavernosa  

0.  Corpora  spongiosa  

2.  Integumental  parts. 

а.  On  genital  eminence  

б.  Lips  of  genital  furrow 

c.  Genital  ridges  (lateral) 

d.  Transverse  interanogenital 
band. 


Vasa  efferentia  and  coni  vas- 
culosi  of  the  epididymis. 

Paradidymis  (Wald.),  organ  of 
Giraldes,  and  vusu  aberrantia. 

Gubemaculum  testis. 


Convoluted  tube  of  the  epididy- 
mis. 

Vas  deferens  and  vesiculse 
seminales. 


Hydatid  of  Morgagni. 


Occasional  tubular  prolonga- 
tions of  uterus  masculinus. 
Uterus  masculinus  (vesicula 
prostatica). 


Prostate  gland.  Muscular  and 
glandular  tissue. 

Upper  part  of  prostatic  portion 
of  the  urethra. 

Verumontanum. 

Lower  part  of  prostatic  por- 
tion and  membranous  part  of 
urethra. 

Cowper’s  Glands. 


Crura  aud  corpus  penis. 

Gians  penis  and  spongy  body 

of  urethra  (united). 

Preputium  penis. 

Integument  and  raphe  below 
penis. 

Scrotum  and  raphe  (united). 
Perineum  of  male  behiud 
scrotum,  with  raphe. 


INDEX  TO  VOLUME  II. 


Abdomen  ( ctbclo , I hide)  regions  and 
viscera  of,  346 

Absorbents,  37,  1S3.  See  Lymphatics. 
Aeervulus  _ (dim.  of  acervus,  a heap) 
cerebri,  549 
Acid-albumin,  30 
Acids,  organic,  in  muscle,  122 
in  nerve-tissue,  160 

Adenoid  a gland ; e75os,  form) 

tissue,  69 

Adipose  (adeps,  fat)  tissue,  59.  See  Fat. 
Adventitia  capillaris,  1 78 
Agaiinated  glands  ( agmen , a troop),  210, 
365 

Air-cells,  275.  Sec  Lungs. 

Air- tubes,  274 
Ala  vespertilionis,  467 
Albinos,  pigment  wanting  in,  zz 
Albumen,  3 

of  blood,  30 

Albuminoid  substances,  30 
-Alimentary  canal,  300 

abdominal  portion  of,  346 
development  of,  69S,  774 
Alkali-albumin,  30 

Allantois  (aAAas,  gen.  aWarros,  a sau- 
sage), 704 

vascular  layer  of,  709 
Alveoli  ( alveolus , a small  hollow  vessel) 
of  glands,  236 
lungs,  275,  276 
lymphatic  glands,  193 
mucous  membrane,  209 
salivary,  339 
of  stomach,  353 
Amnion  ( ap.vlov ),  703 
Amoeboid  ( amoeba  ; e?5oy,  form)  move- 
ments in  cells,  12 

Ampullae  ( ampulla , a flask  or  bottle)  of 
semicircular  canals,  642,  646 
of  Fallopian  tube,  471 
mammary  gland,  487 
vas  deferens,  450 

Amygdalae  ( amygdala , an  almond),  v,; 

of  cerebellum,  518  3 

Anastomosis  ( ava , through  ; arS/ua 
mouth),  165,  172 
Anatomy,  general,  1 

special,  of  the  viscera,  239 


Anfractuosities  (anfradus,  a winding), 
523 

Annulus  ovalis  (oval  ring),  244 
Antihelix  (avrl,  opposite  ; helix),  628 
Antitragus  (atm,  opposite  ; tragus),  627 
Antrum  pylori,  349 
Anus,  379 

development  of,  778 

Aorta  (probably  allied  to  aprau,  I sus- 
pend, and  auprrjp,  a belt  or  strap 
to  hang  anything  to,  from  its  ap- 
parently suspending  the  heart), 
development  of,  791 
orifice  of,  251,  255 
Aortic  arches,  793 
valve,  251 

I Apertura  scalae  vestibuli,  641 
i Aponeurosis  (an-3,  from ; vevpov,  a string 
or  tendon),  63 
Appendices  epiploicse,  371 
1 Appendix  cteci  vermiformis,  374 
vesica?,  425 

Aqueduct  (aquceduclus,  an  aqueduct)  of 
cochlea,  644 
of  Sylvius,  552 
of  vestibule,  641 
Aqueous  humour,  626 
Arachnoid  {apaxvt),  a spider  or  spider’s 
web  ; elSos,  shape)  membrane,  519 
peculiarity  of,  197 

Arbor  vita?  (from  resemblance  of  the 
shrub  so-called)  of  cerebellum,  519 
uterinus,  464 
Areolar  tissue,  53 

composition  and  properties  of,  58 
development  of,  70 
fibres  of,  54 
regeneration  of,  69 
structure  of,  56 
vessels  and  nerves  of,  58 
Arteria  centralis  retina?,  61S 
thyroidea  ima,  297 
Arteries,  general  anatomy  of,  165 
anastomoses  of,  165 
coats  of,  167 
contractility  of,  171 
development  of,  791 
distribution  of,  164 
epithelium  of,  167 
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A rtf.  i:  iks — continued. 

muscular  tissue  of,  1 69 
nerves  of,  1 70 
physical  properties  of,  166 
sheatli  of,  106 
small,  178 
structure  of,  166 
tortuosity  of,  165 
vessels  of,  1 70 

Arteries  or  Artery,  auditory,  in- 
ternal, 662 
bronchial,  278 
ciliary,  603,  604 
deferent,  453 
hepatic,  384,  388,  390 
pulmonary,  development  of,  795 
distribution  of,  278 
orifice  of,  247,  255 
portion  at  root  of  lung,  273 
renal,  410 
spermatic,  453 

splenic,  399.  See  also  the  various 
organs  and  tissues  for  arteries 
belonging  to  them. 

Arytenoid  (apinaiva,  a pitcher  or  ladle  ; 

elSos,  shape)  cartilages,  280,  282 
Aryteno-epiglottidean  folds,  285 
Assimilating  property,  3 
Atrium  (a  court  before  a house)  of  au- 
ricles of  heart,  244,  248 
of  vagina,  812 

Auditory  canal,  external,  630 
hairs,  650 

nerve.  See  Nerve,  Auditory. 
pit  and  vesicle,  740,  768 
Auricle  ( auricula , the  outer  ear)  of  ear, 
626 

Auricles  of  heart.  See  Heart. 
Auriculo-ventrieular.  See  Heart. 
Azotised  {azote,  nitrogen)  substances,  3 

Bartholin’s  glands,  458 
Basement  membrane  of  glands,  232,  234,  ) 
236 

of  mucous  membrane,  206 
of  skin,  214 

Basilar  membrane,  652,  655 
Basis  in  cerebral  peduncle,  555 
Bicuspid  {his,  twice  ; cuspis,  the  point  of 
a weapon)  teeth,  302,  303 
Bile-duct,  common,  385 
ducts,  aberrant,  394 

commencement  of,  391 
structure  of,  393 

Bladder,  gall.  Sec  Gall-Bladder. 
Bladder,  urinary,  419 
coats  of,  423 
development  of,  814 
female,  peculiarities  of,  420,  422 
ligaments  of,  420,  421,  422 
sacculated  and  fasciculated,  425 
structure  of,  423 
urethral  orifice  of,  423 
vessels  and  nerves  of,  426 
Blastide  (P\ u<tt6s,  a germ),  679 


Blastoderm  (fiKaaris,  a germ ; oippa, 
skin),  675,  680,  681 
discovery  of  elements  of,  685 
layers  of,  683 
of  mammals,  688 
relation  to  development,  683 
vesicular,  682 
Blood,  18 

arterial  and  venous,  33 
chemical  composition  of,  23,  32 
coagulation  of,  34 
colouring  principles  of,  25 
corpuscles.  See  Corpuscles. 
hepatic,  34 

liquor  or  plasma  of,  24,  28 
occasional  constituents  of,  23 
physical  and  organic  constitution  of, 
18 

portal,  34 
renal,  34 
splenic,  400 

Blood-Vessels,  General  Anatomy,  163 
development  of,  180,  784 

See  the  several  organs  and  tissues, 
for  blood-vessels  belonging  to  them. 
Bone,  General  Anatomy  of,  79 
chemical  composition  of,  80 
compact  and  cancellated,  81,  82 
formation  and  growth  of,  94 
lymphatics  of,  93 
marrow  of,  91 
nerves  of,  93 
periosteum  of,  91 
physical  properties  of,  80 
regeneration  of,  107 
structure  of,  81 
vessels  of,  92 
Bone-earth  phosphates,  8 
Bones,  cartilaginous  or  membranous, 
origin  of,  745 
Bones  of  ear,  635 

development  of,  740 
Brachia  (arms)  in  cerebrum,  551 
Brain.  See  Cerebrum  and  Ence- 
phalon. 

development  of,  750 
Branchial  (Ppayxia,  gills)  arches,  793 
Breast.  See  Mammary  Gland. 

Bronchi  (Ppiyxos,  the  windpipe),  265 
development  of,  783 
position  at  root  of  lungs,  273 
structure  of,  268 
vessels  and  nerves  of,  278 
Bronchia  (/ 3p6yxos , the  windpipe),  274 
Bruch,  membrane  of,  601 
Brunner’s  glands,  363 
Buccal  ( bucca , the  mouth),  glands  of,  301 
Buffy  coat  of  blood,  24,  35 
Bulb,  arterial,  787 
division  of,  789 
Bulbi  vestibuli,  459 

Cadaveric  rigidity,  125 
Csecum  (i.e.,  intestinum  ccccuvi,  the 
blind  gut),  374 
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Csecum — continued. 

development  of,  778 

Calamus  scriptorius  (a  writing  pen),  506 
Calcar  avis  (a  bird’s  spur),  542 
Calcification  of  teeth,  323 
Calices  ( calix , kv\i£)  of  kidney,  404 
Canal  of  cochlea,  652 
spiral,  643 
of  epididymis,  449 
of  Iluguier,  632 
of  Nuclc,  443,  467 
of  Petit,  621 
of  Recklinghausen,  594 
of  Schlemm,  595 
of  Wirsung,  396 
Canaliculi  in  bone,  85 

in  cement  of  teeth,  312 
Canalis  auricularis,  787 
centralis  modioli,  644 
membranaceus,  645,  652 
reuniens,  646,  653 
spiralis  modioli,  644,  662 
Cancelli  (lattice-work)  of  bone,  82 
Canine  teeth,  302,  303,  306 
Canthi  (icdvOus,  the  corner  of  the  eye), 
583 

Capillaries,  biliary,  392 
Capillary  ( capillus , a hair)  blood-vessels, 
163,  175 

development  of,  180 
structure  of,  177 
lymphatics,  184 
Capsulte  atrabiliarke,  413 
Capsule  of  Glisson,  386 
Capsulo-pupillary  membrane,  764,  767 
Caput  caecum  coil,  374 

cornu  posterioris,  496,  509 
gallinaginis  (woodcock’s  head),  43S 
Carbonic  acid  in  blood,  25 
Camin  ( caro , flesh),  122 
Cartilage  ( carlilago , gristle),  General 
Anatomy  of,  72 
articular,  72 

chemical  composition  of,  75 
costal,  75 
elastic,  78 
hyaline,  72 

development  of,  76 
ossified  at  end  of  bones,  90 
temporary,  72 
varieties  of,  72 
yellow,  78 

Cartilagines  alarum  nasi,  666 
laterales  nasi,  665 
minores  vel  sesamoidese,  666 
Cartilago  triticea  (wheat-shaped  cartilage), 

2 84 

Caruncula  (dim.  from  caro,  flesh)  lachry- 
malis,  583 

Carunculaj  myrtiformes,  45S 
Casein  ( cascus , cheese),  3 

formation  from  albumen,  30 
Cauda  equina  (horse’s  tail),  490 
development  of,  750 
Cavernous  tissue,  180 


Cells,  animal,  8 
changes  in,  1 1 

endogenous  formation  of,  14 
function  of,  in  growth  of  textures,  15. 
migratory,  12 
movements  of,  12 
multiplication  of,  13 
production  of,  9 
in  relation  to  each  other,  14 
vegetable,  7 

See  also  various  Organs  and 
Tissues. 

Cellular  tissue,  53.  See  Areolar  Tissue. 

Cement  of  teeth,  307,  312 
development  of,  320 

Centrum  ovale,  537 

Cerebellum  (dim.  of  cerebrum,  the- 
brain),  515 
arteries  of,  576 
development  of,  753,  756 
fissures  of,  516 
folia  of,  516 
grey  matter  of,  520 
hemispheres  of,  525 
internal  structure  of,  518 
lobes  of,  517.  See  Lobes, 
middle  eras  of,  5 1 1 
minute  structure  of,  520 
peduncles  of,  516,  552 
development  of,  757 
position  of,  502 
weight  of,  581 

Cerebrin  ( cerebrum , the  brain),  159 

Cerebro-Spistal  axis  or  centre,  General 
Anatomy  of,  125 
development  of,  691,  695,  746 
Special  Anatomy  of,  489 
fluid,  575 

nerves.  See  Nerves. 

Cerebrum  (the  brain),  522 
arteries  of,  576 
base  of,  533 

convolutions  of,  523.  See  Convolu- 
tions. 

commissures  of,  537 
development  of,  750 
exterior  of,  522 
fibres  of,  peduncular,  554 

transverse  or  commissural,  556 
longitudinal  or  collateral,  556 
Foville’s  views  on,  557 
fissures  of,  523,  544.  See  Fissures, 
grey  matter  of,  558 
hemispheres  of,  522 
internal  parts  of,  537 
internal  structure  of,  553 
lobes  of,  523.  See  Lobes, 
measurements  of,  580,  581 
peduncles  or  crura  of,  533,  563 
development  of,  757 
ventricles  of,  539,  543,  546 
weight  of,  577 
white  matter  of,  553 
Cerumen  ( ccra , wax),  631 
Cheeks,  300  ’ 
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Chemical  composition  of  human  body,  3 
of  tissues.  See  the  several  tissues 
Cliiasma  I mark  with  the 

letter  X ; crossing  or  decussation), 
536 

Choame  narium,  342 
Cholesterine  (xoAt?,  bile ; erriap,  fat),  in 
red  corpuscles  of  blood,  25 
in  nerve-tissue,  160 
Cholin,  159 

C bond  rill  (xivSpos,  cartilage),  3,  75 
Chorda  dorsalis,  692 
Chordae  tendine®,  247,  251 
Chorion  (x^piov,  the  investing  membrane 
of  the  foetus),  706 
origin  of,  708 

Choroid  (xopwv,  the  chorion  or  invest- 
ing membrane  of  the  foetus  ; elSos, 
shape)  plexuses,  545 
of  fourth  ventricle,  513 
of  lateral  ventricles,  541 
of  third  ventricle,  546 
coat  of  eye,  598 

development  of,  767 
Choroidal  fold  or  fissure,  763 
Chyle  {x^os,  juice),  37 
coagulation  of,  39 
constitution  of,  39 
corpuscles,  formation  of,  40 
Cicatricula,  674 

Cilia  ( cilium , an  eyelash),  eyelashes,  585 
vibratile,  46 
Ciliary  motion,  48 

cause  of,  50 
processes,  601 

Cineritious  ( cinis , ashes)  substance  of 
nervous  system,  126,  553 
Circulation  of  blood,  163 
changes  in,  at  birth,  803 
fcetal,  799 

in  the  placenta,  719 
Circulus  articuli  vasculosus,  75,  203 
major  and  minor,  603 
venosus  of  nipple,  488 
Claustrum  (that  which  shuts  off),  549, 
564 

Clitoris  (icAeiropLs,  perhaps  from  /cAei'&j,  I 
enclose),  456 
development  of,  81 1,  824 
erector  muscles  of,  457 
vessels  and  nerves  of,  459 
Cloacal  ( cloaca , a sewer)  aperture,  699, 
778 

Coagulation  ( coagulum , a clot).  Sec 
Blood,  Chyle,  and  Lymph  . 
Cochlea  (sixmos,  a shell-fish  with  a spiral 
shell),  643 
development  of,  772 
membranous,  651 
nerves  of,  662 
vessels  of,  662 
Collar  of  crus,  552 
Colliculus  bulbi  urethrae,  435 
nervi  optici,  607 
seminalis,  438 


Colloid  (ic6\\a,  glue  ; elSos,  shape)  sub- 
stances, 4 

Colon  (koo\ov,  originally  limb,  the  great 
gut),  376 

development  of,  778 
position  of,  348,  376 
Columella  cochleae,  644 
Column,  posterior  vesicular,  499 
Columnse  Bertini,  404 

carnece  (fleshy  columns),  247,  250 
recti,  379 
rugarum,  460 

j Comes  (a  companion  ; pi.  comites),  172 
Commissure  (con,  together  ; mitto,  I 
send)  cerebral,  anterior,  546,  556 
great,  537 

middle  or  grey,  546,  563 
posterior,  546,  556 
optic,  536 

of  spinal  cord,  493,  496,  500 
Conarium  (conus,  the  fruit  of  the  fir), 
549 

Concha  (icoyxv,  a shell),  626 
Conglobate  (con,  together ; globus,  a 
ball)  glands,  191,  210 
Conglomerate  (con,  together  ; glomero,  I 
gather  in  a round  heap)  glands, 
236 

Coni  vasculosi,  449 

development  of,  823 
Conjunctiva,  583,  585 
Connective  tissue,  52 

cells  and  cell-spaces  of,  57 

relation  of  lymphatics  to,  186 
development  of,  70 
homogeneous,  70 
jelly-like,  68 
retiform,  69 

in  brain  and  spinal  cord,  136 
Contractility,  vital,  5.  See  also  the 
various  tissues. 

Conus  arteriosus,  246,  247 
medullaris,  491 

Convolutions  (con,  together ; volvo,  I 
roll)  of  cerebrum,  523 
angular,  529 
of  corpus  callosum,  532 
development  of,  759 
frontal,  526,  527 
hippocampal,  532 
of  island  of  Reil,  525,  530 
marginal,  532 
occipital,  524 
occipito-temporal,  532 
orbital,  527 
parietal,  528 
straight,  537 
supramarginal,  528 
temporo-sphenoidal,  530 
uncinate,  532 
Corium  (skin),  213 

blood-vessels  and  lymphatics  of, 
216 

chemical  composition  of,  217 
development  of,  217 
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Corium — continued. 

nerves  of,  216 
structure  of,  213 
of  mucous  membrane,  206 
•Cornea  ( corneus , horny),  592 
development  of,  767 
opaca,  589 

nerves  and  vessels  of,  597 
Cornicula  laryngis,  280,  2S2 
■Cornu  Ammonis,  541 
Corona  glandis,  430 
radiata,  555 
Corpora  albican tia,  535 

development  of,  760 
Corpora  Arantii,  252 
Corpora  cavernosa  clitoridis,  457 
. , Penis,  430,  43i 
Corpora  gemculata,  551 
Corpora  mammillaria,  535 
• Corpora  quadrigemina,  551 
development  of,  756 
grey  matter  of,  563 
Corpora  striata,  541,  547 
development  of,  759 
grey  matter  of,  563 
Corpus  callosum,  523,  537 
development  of,  760 
peduncles  of,  536,  538 
Corpus  ciliare,  504 

Corpus  dentatum  of  cerebellum,  310  e-?? 

of  olivary  body,  504 
Corpus  fimbriatum,  542,  544 
Corpus  Highmorianum,  446 
Corpus  luteum,  474 
Corpus  spongiosum  urethra,  430,  433 
Corpuscles  of  b’ood,  red,  19 

chemical  composition  of,  25 
formation  of,  40,  42 
proportion  of,  in  blood,  27 
shape  and  size  of,  19 
structure  of,  20 
pale,  23 
of  chyle,  39 

formation  of,  40 
concentric,  of  Hassall,  29S 
of  connective  tissue,  57 
corneal,  594 
of  lymph,  38 

formation  of,  40 
osseous,  84 
of  thymus  gland,  298 
Corpuseula  tactiis,  148 
Corti,  organ  of,  657 
Cowper’s  glands,  440 

development  of,  S24,  826 
Cranium,  development  of,  732 
Crassamentum  ( crassus , thick)  of  blood, 

Creatin  and  creatinin  (xpeas,  flesh)  31 
m muscle,  122 
in  nerve-tissue,  160 

Cremasteric  (xpeudu,  I suspend)  layer  of 
scrotum,  442  J 

-Orico-arytenoid  joints,  284 
ligaments,  283 
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Crico-arytenoid — continued. 
muscles,  289 

Cricoid  (xpixos,  a ring  ; dSos,  shape)  car- 
tilage, 280,  28 1 
Cnco-thyroid  joints,  284 

membrane,  2S4 
Crista  acustica,  647,  649 
urethra,  438 
vestibuli,  641 
Crotchet,  532 
Cruorin,  25 
Crura  cerebelli,  516 
cerebri,  533 

grey  matter  of,  563 
of  clitoris,  457 
fornix,  543,  544 
of  penis,  431 

Crusta  of  cerebral  peduncle,  333,  336  337 
Crusta  petrosa,  307,  312  55  ’ 557 

formation  of,  320 
Crypt  ( KpvnTw , I conceal),  234 
multilocular,  234 

Crypts  of  Lieberkuhn,  209,  363,  373 
( ryptorchismus  (kpvtttw,  I conceal  • 
opXis,  a testicle),  443 
Crystalloid  substances,  4 
Cumulus,  476 

Cuneiform  (cuneus,  a wedge;  fonm, 
shape)  cartilage,  283 
Cupola,  643 

Cuspidate  (cuspid,  the  point  of  a weapon) 
teeth,  303 

Cuticle  (dim.  cutis,  the  skin),  42,  211 
development  of,  213 
nutritive  changes  in,  16 
of  enamel,  312 

Cutis  vera  (true  skin),  213.  See  Corium 
and  Skin. 

Cystic  a bladder)  duct,  383,  304 

Cytogenous  ( kotos , a cell ; ycuudu,  I pro- 
duce) connective  tissue,  69 

D AUTOS  (Sdpros,  the  skin  of  scrotum; 
Sepu  1 hay),  441 
fibres  of,  119 

Decidua  (dcciduus,  falling  off-  ic 
membrana)  cavity  of,  713  ’ ’’ 

formation  of,  71 1 
incapsulation  of  ovum  in,  710 

penetration  by  villi^  717 
placentalis,  717 
reflexa,  serotina,  and  vera,  713 
Decussation  ( decusso , [ cut  cross-wise)  of 
pyramids,  504 

Dens  sapienthe  (wisdom  tooth),  303 
Dental  arches,  301 
grooves,  313,  315 

PulP>  307,  317 
sacs,  316,  321 
sheath,  309 
Sec  also  Teeth. 

Dentine  {dens,  a tooth),  307 
development  of,  31S 
of  repair,  325 
secondary,  324 
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Derma  (Sf'pjua,  skin),  213 
Descemet’s  membrane,  595 
Development  of  the  foetus  and  its  organs, 

673 

of  the  several  organs  and  tissues. 
See  under  these. . 

Dialysis  (81a,  apart  ; \vcc,  I loosen),  4 
Diencephalon  (81a,  between  ; iynt<pa.\ov, 
the  brain),  755 
Digestion,  organs  of,  300 
Diploe  (finrAios,  double),  81 
Discus  proligerus  (proles,  progeny  ; gero, 
I bear),  476 

Disdiaolasts  (Si's,  twice  ; SiaicAaeo,  I break), 


14  ’ 

Diverticulum  (from  divcrto,  I turn  aside) 
of  ileum,  371 

Duct,  or  ducts,  of  Bartholin,  339 
of  Bellini,  406 
biliary.  See  Bile-Ducts, 
of  Cuvier,  242,  796 
of  Gartner,  821 


of  glands  in  general,  237 
of  Rivinus,  338 

See  also  the  various  glands,  &c., 
for  their  ducts. 

Ductus  ad  nasum,  588 
arteriosus,  795,  800 
closure  of,  803 
cochlearis,  652 
communis  choledoclius,  385 
venosus,  796 

fissure  or  fossa  of,  382 
vitello-intestinalis,  699 
Duodenum  ( duodeni , twelve  ; from  being 
twelve  linger- breadths  in  length), 

357>  369 
position  of,  347 
Dura  mater,  569 

relation  to  cerebro-spinal  nerves, 

145 

Duverney,  glands  of,  458 


Eau,  anatomy  of,  626 

development  of,  733,  740,  76b 
external,  626 

internal,  641.  I See  Labyrinth. 
middle,  631.  See  Tympanum. 

Ear-wax,  744  . , ... 

Ectoderm  (4ktos,  without  ; 6eppa,  skin), 

683 

Ejaculatory  ducts,  453 

Elastic  tissue,  66 

in  arteries,  168,  169,  179 
in  lymphatics,  186 
in  veins,  173  . 

Electricity,  manifestation  of  by  muscles, 

I23 

Elementary  organisms,  8,  note 

Elements,  structural,  of  human  body,  2 

Embryo,  axial  rudiment  of,  691 
development  of,  689,  ct  seq. 
inflections  of  walls  of,  694 

Embryo-cells,  formation  of,  9 


Embryology  (tp&pvov,  an  embryo  ; \6yos, 
discourse),  673 
Eminentia  collateralis,  542 
papillaris,  634 
pyramidalis,  641 
teres,  51 1 

Emotion,  a stimulus  of  muscular  action, 

124 

Enamel  germ,  313 
membrane,  320 
organ,  320 
of  teeth,  307,  31 1 

formation  of,  319 
Encephalic  vesicles,  695,  750 
Encephalon  (tv,  in  ; K«pa\r),  the  head), 
502 

development  of,  750 
size  and  weight  of,  577 

See  Cerebrum,  Cerebellum, 
Medulla,  and  Pons. 

End-bulbs  of  nerves,  147,216 
Endocardium  (tv'Sov,  within  ; naphta,  the 
heart),  261 

Endochorion  («p8op,  within  ; X^PL0Vi  the 
investing  membrane  of  the  petus), 


Endoderm  (<?pSop,  within;  heppa,  skin),  683 
Endogenous  ( eroop , within  ; 7 *vvau>,  1 pro- 
duce) formation  of  ceils,  14 
Endolymph  (evhov,  within ; lymphci , 
water),  645 

Endolymphangial  nodules,  198 
Endosteum  (epSop,  within ; oanov, bone),  9 * 
Endothelium  (cpSop,  within  ; pa- 

pilla), 43,  note 
End-plates,  motorial,  154 
Epencephalon  (ini,  on  ; iynf<pa\ov,  the 
brain),  755 

Ependyma  (ini,  on  ; «V8 vpa,  clothing) 
ventriculorum,  540 

Epiblast  (ini,  on  ; fiAacnis,  a germ),  683, 
684 

Epidermis  (ini,  on  ; Seppa,  the  skm),.  42, 
21 1 

Epididymis  (cttI,  on  ; SlSvpos,  a testicle), 
445 

canal  of,  449 

development  of,  821,  822 

relation  to  Wolffian  body,  826 

Epigastric  (eVf,  on  ; yacm'ip,  the  stomach) 
region,  347 

Epiglottis  («ad,  on  ; glottis),  283 
tubercle  or  cushion  of,  286 
Epiotic  (ini,  on  ; o5s,  gen.  a nos,  the  ear) 
centre  of  temporal  bone,  733 
Epithelioid  (epithelium ; tl$os,  form)  cells, 
43,  note 

Epithelium  (Jnl,  on  ; papilla),  42 
ciliated,  45,  46 
columnar,  44 
cylinder,  44 
nerve-filaments  in,  43 
nutrition  of,  16 
pavement,  44 
scaly,  44 
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Epithelium— continued. 

spheroidal,  44 
tessellated,  44 
transitional,  44 

of  organs.  Sec  the  various  organs. 
Epoophorou  (4-nl,  on ; u6v,  an  egg;  (t>opew, 
I bear)  relation  to  Wolffian  body, 
481,  821 

Eiectile  tissue,  general  characters  of, 
180 

Ergot  (Fr.  a spur),  542 
Eustachian  tube,  634 
development  of,  772 
valve,  245,  246 
_ development  of,  789,  800 
Excretion,  231 
Eye,  anatomy  of,  583 
appendages  of,  583 
development  of,  762 
globe  of,  588 
Eyelashes,  5S5 
Eyelids,  583 

development  of,  768 
Eye-teeth,  303 


Face,  development  of,  738 
Facial  plates  or  arches,  738 
Falciform  (falx,  a sickle  orscythe ; forma, 
shape)  ligament  of  liver,  3S3 
Fallopian  tubes,  470 
development  of,  819 
False  membrane,  200 
Falx  cerebelli,  571 
cerebri,  523,  571 
fascia  (a  band),  63 
cremasteric,  442 
dentata,  544 
infundibuliform,  442 
intercolumnar,  442 
propria,  442 
spermatic,  442 
transversalis,  442 
Fasciae,  structure  and  use  of,  63 
Fasciculi  graciles  (slender  fascicles),  505, 

teretes  (round  fascicles),  506,  <00 
fasciculus,  olivary,  505,  509 

Un557^US  (llook'shaPed'  fascicle), 
Fasciola  einerea,  343 
Fat,  59  i45 

absorption  of  by  intestinal  villi,  362 
chemical  composition  of,  60 
deposition  of  in.  cells,  n 
development  of,  62 
distribution  of,  59 
in  muscular  tissue,  122 
uses  of,  61 
Fatty  matters,  3 
Fatty  compounds  in  blood,  51 
Fauces  (the  throat),  300 
I ecundation  of  the  ovum,  675 
Fenestra  (a  window  or  opening)  ovalis 

633  ‘ ’ 

rotunda,  633 


Fenestrated  or  perforated  membrane,  16S 
Fibra  primitiva  (primitive  band),  127 
Fibrse  arciformes,  506 
Fibrin  (fibra,  a fibre)  of  blood,  19 

action  of  in  coagulation,  35,  36 
origin  of,  28 
of  chyle,  39 
of  lymph,  38 

Fibiinogenous  substance  or  Fibrinogen 
( fibrin  ; yevvau,  I produce)  20 
3D  36 

Fibrinoplastic  substance  or  fibrino- 
plastin  ( fibrin ; irAdcraoo,  I form) 
29 


Fibro-cartilage,  72,  78 
Fibro-serous  membrane,  196 
Fibrous  cone,  555 
Fibrous  tissue,  63 

chemical  composition  of,  65 
distribution  of,  63 
lymphatics  of,  66 
nerves  of,  66 

physical  properties  of,  63 
regeneration  of,  66 
Filamentous  tissue,  33 
Fillet,  509,  556 

of  corpus  callosum,  556 
Filum  terminale  of  spinal  cord,  489,  402 
500  y ’ 

Fimbriae  (fringes)  of  Fallopian  tube,  470 
f issura  palpebrarum,  583 
Fissuie  or  fissures  of  cerebellum,  517 
of  cerebrum,  calcarine,  531 
calloso-marginal,  331 
collateral,  532 
dentate,  532 
frontal,  527 
hippocampal,  532 
intraparietal,  527 
occipital,  531 
parieto-oceipital,  526,  331 
of  Rolando,  525 
of  Sylvius,  524 
temporo-sphenoidal,  550 
of  liver,  381,  382  ^ 

ot  lungs,  270 
oi  medulla  oblongata,  503 
ocular,  in  embryo,  730 
of  Santorini,  628 
of  spinal  cord,  492 
tlesh,  chemical  composition  of,  25 
Flexures  of  colon,  376 

cranial,  in  embryo,  733 
FlocculmKdim.  of  floccus,  a lock  of  wool). 

Foetus  development  of,  673 

Folhcle  (folliculu-s,  dim.  of follis,  a bag). 

Follicles,  teeth,  315 
Follicular  glands,  210 
Foramen  caecum  of  medulla  oblongata 
504  ° 

of  tongue,  327 

commune  anterins  of  brain,  544 
of  Monro,  544  ’ 
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Foramen — continued. 
ovale  of  heart,  789 
closure  of,  799 
vestige  of,  244,  249 
of  Winslow,  482 
Foramina  of  Thebesius,  246 
Force,  nervous,  6 

Forces,  physical,  probable  relation  of 
vital  action  to,  5 
Foreskin,  431 
Formic  acid,  3 

in  nerve-tissue,  160 
Fornix  (an  arch  or  vault),  541,  543 
bulbs  of,  535 
development  of,  760 
fibres  of,  556 
Fornix  conjunctivas,  586 
Fossa  of  antihelix,  628 
ductus  venosi,  382 
of  gall-bladder,  382 
of  helix,  628 
innominata,  628 
navicularis  of  urethra,  439 
vulva,  456 
ovalis  of  heart,  244 
scaphoidea  (boat-shaped  fossa),  628 
triangularis,  628 
of  vena  cava,  382 
Fourchette  (a  fork),  456 
Fovea  anterior  of  fourth  ventricle,  513 
centralis,  607,  616 
liemielliptica,  641 
hemispherica,  641 
ovalis,  244 

Foville’s  researches  on  fibres  of  cere- 
brum, 557 

Frsena  (pi.  of  freenum,  a bridle)  of  ileo- 
c?ecal  valve,  375 
of  lips,  300 
synovial,  202 

Fnenulum  (dim.  of  freenum,  a bridle) 
cerebri,  552 
pudendi,  456 
Freenum  epiglottidis,  327 
linguae,  325 
of  prepuce,  430 

Funiculus  (dim.  of funis,  a cord)  of  nerve, 
140 

Furrowed  band,  518 

GALACTOPHOKOTJS  (yaKz,  milk  ; (pop ECO,  1 
carry)  ducts,  487 
Gall-bladder,  385 

development  of,  780 
structure  of,  394 
varieties  of,  386 

Ganglia,  General  Anatomy  of,  125,  136 
structure  of,  136 

connection  of  nerve-fibres  with,  137 
*on  arteries,  1 71 
cerebral,  anterior,  547 
posterior,  549 
Ganglion,  basal  optic,  536 
‘of  habenula,  551 
spirale,  662 


Ganglion-cells,  132 

connection  of  nerves  with,  137 
Ganglion-corpuscles,  132 
nerves,  126,  157 
Ganglionic  layer  of  retina,  608 
Gastric  (yacrr-fip,  the  stomach)  glands, 

353  . 

Gastro-colic  (yarrrrip,  the  stomach ; kuKov, 
the  colon)  omentum,  485 
Gastro-plirenic  (ycurrlip,  the  stomach  ; 

(ppnv,  the  diaphragm)  ligament,  482 
G astro-pneumonic  (7 aari\p,  the  stomach ; 

7 Tvcup-oov,  the  lungs)  mucous  mem- 
brane, 204 

Gastro-splenie  (yourrrip,  the  stomach  ; 
(rnK-pv,  the  spleen)  ligament  or 
omentum,  482,  484 
Gelatin,  3,  58 

from  muscle,  122 
Gelatinous  nerve-fibres,  131 
Genital  cord,  814 

nerve-corpuscles,  148 
' passages,  development  of,  818 
Genito-urinary  mucous  membrane,  204 
Genito-urinary  organs,  abnormal  forms 
of,  825 

corresponding  embryonal  and  per- 
manent parts  of,  826 
female,  development  of,  819 
male,  development  of,  815,  821 
primary  formation  of,  804 
type  of  development  of,  826 

See  also  Reproductive  Organs 
and  Urinary  Organs. 

Genu  (a  knee)  of  corpus  callosum,  538 
of  optic  tract,  552 

Germ-epithelium  of  ovary,  472,  476,  807 
Germinal  matter,  10 
pole,  674 
spot,  9,  476,  673 
vesicle,  9,  476,  673 

disappearance  of,  674 
Giant-cells,  106 
Gingivae  (gums),  301 
Giraldes,  organ  of,  451,  826 
Glands  ( glans , an  acorn),  Secreting, 
General  Anatomy  of,  231 
acini  of,  236 
ducts  of,  237 
envelope  of,  237 
follicles  of,  234 
formation  of,  233 
forms  of,  234 
lacunae  of,  234 
lobules  of,  235 
parenchyma  of,  237 
reservoirs  of,  237 

Glands,  ductless,  General  Anatomy  of,  23S 
Glands,  lymphatic.  See  Lymphatic 
Glands. 

Glandula  lacrymalis  inferior,  5S7 
socia  parotidis,  336 
Glandulae  Pacchioni,  575 
ccruminosse,  631 
solitaries  of  the  intestine,  364 
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Gians  (an  acorn)  clitoridis,  457 
penis,  430 

Glisson’s  capsule,  386 
Globin,  26 
Globulin,  3,  31 

Globus  major  and  minor  of  the  epidi- 
dymis, 445 

Glomerulus  (dim.  of  glomus,  a clue  of 
thread)  of  kidney,  409 
Glosso-epiglottic  (yAwacra,  the  tongue ; 

epiglottis)  folds  or  fraenula,  327 
Glottis  (yAoorTis,  a tongue),  286 
Glycogen  (yAvicvs,  sweet ; ytvvios,  I pro- 
duce), 3 
in  liver,  380 
in  muscle,  122 
Goblet-cells,  21 1 
Goitre,  297 

Graafian  follicles,  473,  816 
Granule  layer  of  cerebellum,  521 
Granules  ( gr annum , a grain),  in  blood,  23 
in  nerve-substance,  135 
Grey  fibres  of  nerves,  131 
Gristle,  72 
Growth,  16 

Gubernaculum  (giibcrno,  I steer  or  guide) 
testis,  824 
Gullet,  343 
Gums,  301 

Gustatory  (gusto,  I taste)  cells,  328 
Gyri  (yvp/>s,  a ring)  of  brain,  523 
Gyrus,  angular,  529 

fornicatus  (arched  convolution),  532, 

556 


ILEMAnx  (aTgct,  blood),  27 
Haematoin,  27 
Hsemin  (alga,  blood),  27 
Haemoglobin,  3,  25 
crystals  of,  26 
Hair,  219 

chemical  nature  of,  226 
cuticle  of,  220,  222 
development  of,  224 
distribution  of,  226 
ending  of  nerve-fibres  in,  225 
• follicles  of,  221 
growth  of,  226 
/ medulla  or  pith,  of,  220 
muscular  fibres  of,  223 
regeneration  of,  225 
root  of,  220 
stem  of,  219 

Hair-cells  in  ear,  658,  659 
Halitus  (breath)  of  blood,  34 
Hamulus  (dim.  of  hamns,  a hook)  of 
cochlea,  644 
Haversian  canals,  82 

folds  and  fringes,  200.  nor 
lamelLe,  84 
spaces,  84 

Head,  development  of,  731 
Heart,  242 

action  of,  163 


Heart — continued. 
apex  of,  255 
atria  of,  244,  248 
auricles  of,  244 

capacity  of,  263 
development  of,  7SS 
fibres  of,  256 
left,  248 
right,  244 
septum  of,  244 
position  of,  253 

auriculae  or  auricular  appendages  of, 
244,  248,  253 
bone  of,  255 
cavities  of,  163,  244 
• development  of,  696,  784 
fibro-cartilage  of,  255 
fibrous  rings  of,  255 
tissue  of,  255 
in  foetus,  272 
furrows  of,  243 
lining  membrane  of,  261 
lymphatics  of,  260 
margins  or  borders  of,  243 
muscular  tissue  of,  119,  256 
nerves  of,  261 
orifices  of,  aortic,  25 1 

auriculo- ventricular,  left,  24S, 

250.  255 

right,  246,  247 

of  coronary  and  cardiac  veins 
246 

positions  of,  255 
of  pulmonary  artery,  247 
veins,  248 
size  of,  263 
of  venae  cavae,  245 
position  of,  242,  253 
serous  coat,  external,  240 
size  and  weight  of,  262 
structure  of,  255 

valves  of,  auriculo-ventricular,  left, 
250 

right,  247 
development  of,  79 
mitral  or  bicuspid,  250 
sigmoid,  or  semilunar,  left,  251 
right,  248 
tricuspid,  247 
veins  of,  246 

ventricles,  capacity  of,  263 
development  of,  7S7 
fibres  of,  257 
left,  249 
position  of,  233 
right,  246 
septum  of,  246 

Helicine  (e'Aif,  a spiral)  arteries,  434 
Helicotrema  («At£,  a spiral ; rpgua,  a hole), 
643 

Helix  (e'Aif,  a spiral),  627 
Hepatic  (Wp,  the  liver)  artery,  384,  3S8.. 
390 

cells,  391 
duct,  385 
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Hepatic — continued. 
vein,  384,  388 

Hopato-cystic  (rinap,  the  liver  ; kvcttis,  a 
bladder)  ducts,  386 

Hepato-gastric  (?iirap,  the  liver;  yarn-qp, 
the  throat)  omentum,  484 
Hi lus  (or  liilvm , the  mark  or  scar  on  a 
bean)  of  kidney,  403 
of  lymphatic  glands,  193 
of  ovary,  471 
of  spleen,  397 
ot  suprarenal  capsules,  414 
Hilus-stroma,  193 

Hippocampus  (imruKa/XTros,  from  'imros,  a 
horse,  and  Kaunraj,  I bend,  a fish 
with  a coiled  tail)  major,  541 
minor,  542 

Hippuric  (imros,  a horse ; ovpov,  urine) 
acid,  3,  31 

Holoblastic  (oAos,  whole ; BXao’rds,  a germ) 
ovum  of  mammals,  674 
Horny  matter,  3 

Hyaline  (vaA os,  glass)  cartilage,  72 
coat  of  hair-follicle,  221  ! 

Hyaloid  (uaAos,  glass  ; dSos,  shape)  mem- 
brane, 620 

Hydatids  of  Morgagni,  446,  820 
Hymen  (v/j-w,  a membrane),  457 
development  of,  824 
Hyoid  arch  in  embryo,  740 
Hypoblast  ( vir6 , under  ; QAacrro's,  a germ), 
683,  684 

development  of  organs  from,  774 
Hypochondriac  (vno,  under  ; yovdpos,  car- 
tilage) regions,  347,  348 
Hypogastric  (vtt6,  under ; yaar-qp,  the 
stomach)  region,  347 
Hypophysis  (on 6,  under  ; <pvu,  I grow) 
cerebri,  535,  734 

Hypospadias  (vn 6,  under  ; 'nraai,  I draw 
out),  825 

Ilypoxanthin  (yn6,  under ; | av()6s,  yellow), 
3.  31 

in  nerve-tissue,  160 


iLEO-OffiCAL  or  ileo-colic  valve,  375 
Ileum  (el\eu,  I roll),  357,  370.  See  In- 
testine, small. 
diverticula  of,  371 
position  of,  34S 
Iliac  region,  347,  348 
Impressio  coli  on  liver,  383 
renalis  on  liver,  383 
Incisor  teeth,  300,  306 
eruption  of,  320,  323 
Incisura  intertragica,  627 
Incus  (an  anvil),  636 
Infundibula  (funnels)  of  kidney,  404 
Infundibulum  of  heart,  246 
lungs,  276 

Inguinal  ( inguen , the  groin)  canal,  440 
Injection,  natural  method  of,  392 
Inosinic  acid,  3,  122 
1 nosit,  3 


I nosit — continued. 
in  muscle,  122 
in  nerve-tissue,  160 
Interalveolar  lymphatics,  279 
I ntercellular  substance,  1 5 
Interpeduncular  space,  534 
Intestine,  large,  371 

areolar  or  submucous  coat  of,  372 
development  of,  778 
divisions  of,  371,  374 
glands  of,  373 
length  and  extent  of,  371 
mucous  membrane  of,  373 
muscular  coat  of,  371 
position  of,  347,  348 
serous  coat  of,  37 1 
structure  of,  371 
vessels  and  nerves  of,  374 
Intestine,  small,  357 

areolar  or  submucous  coat  of,  358 

development  of,  777 

divisions  of,  357,  369 

glands  of,  363 

length  and  extent  of,  35  7 

mucous  membrane  of,  359 

muscular  coat  of, . 358 

movements  of,  358 

position  of,  347,  348 

serous  coat  of,  358 

structure  of,  358 

vessels  and  nerves  of,  367 

villi  of,  360 

Intraembryonic  phenomena  of  devclop- 
meht,  691 

Iris  (ipis,  a rainbow),  601 
muscular  tissue  of,  602 
pigment  of,  603 
pillars  of,  595 
structure  of,  602 
vessels  and  nerves  of,  603 
Iron  in  blood,  32 
Irritability,  5 

muscular,  123 
duration  after  death,  124 
Island  of  Eeil,  525,  530 
Isotropic  substance  in  muscle,  1 13 
Isthmus  of  Fallopian  tube,  471 
faucium,  300 
of  thyroid  body,  295 
uteri,  464 
Yieussenii,  245 

Ivory  of  teeth,  307.  See  Dentine. 

Jacob’s  membrane,  60S 
Jejunum  ( jejuwus , empty),  357,  370 
position  of,  348 

Joints,  formation  of  in  embryo,  745 

Keratin  {nepas,  horn),  3,  213 
Kidneys,  402 

blood-vessels  of,  410 
connections  of,  402 
cortical  substance  of,  403,  404 
development  of,  807,  812 
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Kidneys— continued. . 

excretory  apparatus  of,  404 
fibrous  coat  of,  403 
form  of,  402 
horseshoe,  403 
intertubular  stroma  of,  413 
lymphatics  of,  413 
medullary  substance  of,  403 
nerves  of,  413 
papillae  of,  403 
pelvis  of,  404 
position  of,  402 
primordial,  699,  805 
size  and  weight  of,  402 
structure  of,  obvious,  403 
tubules  of,  405 
varieties  of,  403 

Kreatin  (upeas,  flesh)  and  Kreatinin.  Sec 
Creatin  and  Creatinin. 


Labia  majora,  456 

development  of,  824 
minora,  457 

Labial  (labium,  the  lip)  glands,  301 
Labyrinth  (AapvpivBos,  a maze,  from  its 
complex  structure),  osseous,  641 
development  of,  770 
membranous,  645 
Lachrymal  apparatus,  587 
. development  of,  768 

canals,  587 
, ghuid,  587 
sac,  588 

Lacteals  (lac,  milk)  General  Anatomy 
of,  37 

plexuses  of,  in  intestine,  367 
relation  to  villi,  362 
Lactic  acid,  3 

in  nerve-tissue,  160 
Lacuna  magna,  440 
Lacunae  in  bone,  84 

formation  of,  103 
in  crusta  petrosa,  312 
Lamellae  of  bone,  83 
structure  of,  86 

Lamina  cinerea  (grey  layer),  536,  562 
cribrosa  (a  plate  perforated  like  a 
sieve)  of  sclerotic,  590 
elastic,  of  cornea,  594 
fusca,  600 
reticular,  658 
spiralis  ossea,  644 
suprackoroidea,  600 
Lanugo  (wool  or  down),  225 
Larynx  (AaPuy(,  the  larynx),  2S0 
aperture  of,  285 
cartilages  of,  280 
formation  and  growth  of,  294 
interior  of,  285 
ligaments  and  joints  of,  283 
mucous  membrane  of,  293 
muscles  of,  288 
action  of,  292 
nerves  of,  294 


Larynx — continued.  . 
pouches  of,  287,  288 
ventricles  or  sinuses  of,  285,  287, 
288 

vessels  of,  294 
Lecithin,  3,  25 

in  nerve-tissue,  159 
Lemniscus,  556 
Lens  (a  lentil)  crystalline,  622 
capsule  of,  625 
changes  in  by  age,  625 
development  of,  764 
Leucin  (A svk6s,  white),  3,  32 
in  nerve-tissue,  160 

Leucocytes  (A cvk6s,  white  ; kotos,  a cell), 
198,  212 

Lienculi  (little  spleens),  39S 
Life,  application  of  the  term,  4 
Ligamenta  lata,  467 
subflava,  67 

Ligaments  of  bones  of  ear,  637 

central  or  tenninal  of  spinal  cord, 
489,  492,  500 
ciliary,  601 
costo-colic,  376 
cranio-pharyngeal,  343 
hyo-epiglottic,  283 
palpebral,  584 
peritoneal,  348 
pleuro-colic,  376 
pubo-prostatic,  428 
spiral,  652,  657 

suspensory,  of  crystalline  lens,  620 
of  penis,  431 
thyro-arytenoid,  284 
thyro-epiglottic,  283 
thyro-hyoid,  283 
Ligamentum  denticulatum,  575 
latum  pulmonis,  26S 
nucha;,  67 

pectinatum  iridis,  393 
spirale,  657 

suspensorium  (of  bladder);  423 
teres  uteri,  467 
Ligula,  506 

Limbs,  development  of,  699,  742 
Limbus  of  spiral  lamina,  653 
luteus  of  the  retina,  606 
Lime-salts  in  hone,  80 
Linea  splendens,  5 72 
Lips,  300 

Liquor  G’otunnii,  641 
Morgagni,  625 
sanguinis,  19,  24,  28 
Littre,  glands  of,  439 
Liver,  380 

accessory,  386 

borders  of,  383 

changes  in,  after  birth, 

coats  of,  386 

congestion  of,  390 

development  of,  779 

ducts  of,  385.  Sec  Bile-ducts. 

excretory  apparatus  of,  384 

fissures  of,  387,  383 
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Live  r. — continued. 
fossae  of,  381,  382 

haemapoietic  (af^a,  blood  ; -nuita,,  I 
make),  function  of,  41 
ligaments  of,  383 
lobes  of,  381,  382 
lobules  of,  386 
lymphatics  of,  393 
nerves  of,  384 
position  of,  374,  383 
size  and  weight  of,  380 
specific  gravity  of,  380 
structure  of,  386 
surfaces  of,  381 
varieties  in,  386 
vessels  of,  388 
Lobes  of  cerebellum,  517 
biventral,  518 
central,  517 
quadrate,  517 
slender,  518 
subpeduncular,  518 
of  cerebrum,  523 
central,  530 
frontal,  526 
occipital,  529 
parietal,  527 
temporo-splienoidal,  530 
See  also  various  organs. 

Lobule  of  ear,  627 
Lobuli  testis,  447 

Lobules  of  cerebrum,  cuneate,  532 
parietal,  528 
quadrate,  532 
Lobulus  caudatus,  382 
quadratus,  382 
Spigelii,  382 
Locus  coeruleus,  513 
niger,  555.  563 
perforatus  anticus,  536 
perforatus  posticus,  535 
Luette  vesicale  (Fr.,  uvula  of  the  bladder), 

423 

Lumbar  region,  347,  348 
Lungs,  269 

capacity  of,  271 
changes  at  birth  in,  272 
colour  of,  271 
coverings  of,  268,  273 
development  of,  782 
form  of,  269 
lobes  of,  270 
lobules  of,  274,  276 
lymphatics  of,  279 
nerves  of,  279 
roots  of,  273 
specific  gravity  of,  272 
structure  of,  273 
surfaces  and  borders  of,  269 
texture  of,  271 
vessels  of,  278 

Lunula  (dim.  luna)  of  nails,  217 
of  valves  of  heart,  252 
.Lymph  (lympha,  water),  37 

chemical  composition  of,  59 


Lymph — continued. ' 
coagulation  of,  38 
corpuscles  or  globules  of,  3 ] 
formation  of,  40 
Lymph-channel,  194 
Lymph-sinus,  194 

Lymphatic  system,  General  Anatomy  of* 
183  J * 

glands,  191 

development  of,  782 
function  of,  196 
structure  of,  192 
hearts,  190 
nodules,  198 
vessels.  37,  183 

afferent  and  efferent,  192 
contractility  of,  186 
coats  of,  186 
development  of,  19 1 
distribution  of,  183 
lacteal.  See  Lacteals, 
orifices  of,  188 
origin  of,  183 
lacunar,  185 
plexiform,  183 

relation  to  connective  tissue,  186 
structure  of,  186 
terminations  of,  190 
valves  of,  188 
vessels  of,  186 

of  various  organs  and  tissues* 
See  the  organs  and  tissues. 
Lymphoid  {lympha  ; tTSos,  shape)  cords, 
193 

glands,  210 

in  intestine,  365,  373 
tissue,  208,  238 
Lyra,  544 

Macula  germinativa  (germinal  spot), 
476,  673 

lutea  (yellow  spot),  606,  616 
Malleus  (a  hammer),  635 
ligaments  of,  637 

Mammary  (mamma,  the  breast)  glands, 
486 

difference  according  to  sex,  488 
varieties  of,  488 
vessels  and  nerves  of,  488 
Mammilla,  486 

Mandibular  arch  in  embryo,  740 
Mantle  of  hemisphere- vesicle,  759 
Margo  acutus  and  obtusus  of  heart,  243. 
Mastoid  cells,  634 
Matrix  of  cartilage,  72 

formation  of,  77 
of  cerebrum,  559 
of  elastic  cartilage,  78 
of  fibro-cartilage,  79 
of  nails,  218 
Matrix  (uterus),  462 
Maxillary  bones,  formation  of,  739 
Meatus  auditorius  externus,  630 
of  nose,  667 

urinarius  in  females,  457,  459 
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Meckel’s  cartilage,  740,  771 
Mediastinum  (medins,  the  middle ; sto,  I 
stand),  239,  268 
testis,  446 

Medulla,  oblongata,  502,  503 
columns  of,  594 
development  of,  753,  755 
fibres  of,  longitudinal,  509 
transverse,  506 
fissures  of,  503 
grey  matter  of,  508 
nerve-nuclei  in,  510 
origin  of  nerves  from,  507 
Medulla  spinalis.  See  Spinal  Cord. 
Medullary  canal  of  bone,  formation  of,  103 
centre  of  cerebellum,  521 
sheath  of  nerve-fibre,  128 
spaces,  100 

substance  of  cerebrum,  553 
of  lymphatic  glands,  193 
Meibomian  glands,  585 
Membrana  adamantine,  320 
eboris,  307 
fusca,  589,  767 
limitans,  608,  615,  616 
nictitaDS,  583 
preformativa,  319 
propria  of  glands,  236 

of  mucous  membranes,  206 
of  skin,  214 
pupillaris,  603 
tympani,  632 

secondary,  634 

Membranes  of  the  brain  and  spinal  cord, 
569 

foetal,  700 

mucous,  serous,  &c.  See  Mucous 
and  Serous  Membranes,  &c. 
Meninges  (/^wy£>  a membrane),  569 
Meroblastic  (/ ue'poy,  a part ; ySAcurro'y, 
germ)  ovum,  674,  677 
Mesencephalon  (yueVoy,  middle;  iyictcpaAov, 
the  brain),  753,  755 
development  of  parts  connected  with, 
756 

Mesentery  (pecros,  middle  ; ivrtpov,  intes- 
tine), 348,  370 

Mesoblast  (/teo-oy, middle;  PAnaris,  germ), 
683 

cleavage  of,  693 
parts  formed  from,  684 
Mesoccecum  (yueVos,  middle  ; ccecum), 
348,  374,  481 

Mesocephalon  (yaeVoy,  middle ; KecpaA-f), 
the  head),  5 1 1 

Mesocolon  (yueVoy,  - middle  ; kuAov,  the 
colon),  368,  376,  481 
Mesogastrium  (ya«roy,  middle  ; yaarfy, 
the  stomach),  777 

Mesorchium  (pecros,  middle  ; Cpx iy,  a tes- 
ticle), 442,  815 

Mesorectum  (petros,  middle  ; rectum ). 
348,  378 

Mcsovarium  (yufVoy,  middle  ; ovanum), 


Metabolic  (pfrapdAAw,  I change)  force,  5 
Metencephalon  (nerd,  behind  ; iyicecpaAoy, 
the  brain),  755 
Methremoglobin,  26 

Meynert’s  description  of  the  brain,  564 
Milk-teeth,  301,  306 
Mitral  (pirpa,  a mitre)  valve,  250 
Modiolus  (the  nave  of  a -wheel),  643,  644 
Molar  glands,  301 

Molar  (mola,  a mill)  teeth,  permanent, 
3°4 

eruption  of,  323 

temporary,  306,  321 

Monoplasts  (povos,  single : irAdacru,  I 
form),  8 

Mons  Veneris,  456 

Morsus  diaboli  (devil’s  bite),  470 

Mouth,  300 

formation  of,  734,  774 
Mucilaginous  glands,  201 
Mucin,  3,  25  note,  68,  210 
Mucous  membrane,  General  Anatomy 
of,  204 

attachment  of,  205 
basement  membrane  of,  206 
connective  tissue  of,  207 
corium  of,  206 
divisions  of,  204 

epithelium  of,  See  Epithelium. 
fibro-vascular  layer  of,  206 
folds  and  valves  of,  205 
glands  of,  209,  See  Glands. 
lymphatics  of,  207 
lymphoid  tissue  of,  208 
muscular  tissue  of,  208 
nerves  of,  156,  207,  210 
papillae  of,  208 
physical  properties  of,  205 
regeneration  of,  2 1 1 
secretion  of,  210 
sensibility  of,  210 
structure  of,  206 
vessels  of,  207 
villi  of,  209 
Mucous  tissue,  68 
Mucus,  210 

Mullerian  duct,  807,  S08,  S19 
parts  formed  from,  S25 
fibres  in  retina,  615 

Multicuspidate  ( multus , many  ; cuspis,  a 
point)  teeth,  305 
Muscle-rods,  112 

Muscles,  arytenoideus  obliquus,  291 
aryteno-epiglottidean,  291 
arytenoid,  291 
ciliaris  Kiolani,  584 
ciliary,  601 

compressor  urethra,  439 
cremaster,  442 
crico-arytenoid,  lateral,  290 
posterior,  289 
crico-thyroid,  289 
detrusor  of  bladder,  424 
dilatator  pupillae,  602 
erectores  clitoridis,  457 
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Muscles — continued. 

. kerato-cricoid,  290 
laxator  tympani,  638 
levator  glanduhe  thyroideaj,  296 
prostatre,  429 
lingualis,  331 

lioto-glossus  (vutos,  a back  ; y\wtraa, 
the  tongue,  331 

perpendicularis  cxtcrnus  of  tongue, 
332 

of  pinna  of  ear,  629 
sphincter.  Sec  Sphincter. 
stapedius,  638 
tensor  tympani,  638 
tliyro-arytenoid,  290 
thyro-epiglottidean,  292 

Muscular  contractility  or  irritability, 
107,  123 

duration  of,  after  death,  124 
current,  123 
plate  in  embryo,  7^0 
rigidity,  125 
sense,  1*23 

Muscular  Tissue,  General  Anatomy  of, 

107 

involuntary,  118 

development  of,  120 
of  heart,  119 
voluntary,  108 

blood-vessels  of,  116 
changes  in  contraction,  1 14 
cleavage  into  discs,  1 1 1 
corpuscles  of,  1 1 5 
cross  stripes  of,  no 
development  of,  120,  744 
fasciculi  of,  109 
fibres  of,  no 

length  and  ending  of,  115 
fibrils  of,  1 n 
growth  of,  120 
interstitial  granules  of,  115 
lacerti  of,  108 
lymphatics  of,  117 
nerves  of,  117,  156 

termination  in,  153 
nuclei  of,  115 
optical  appearance  of,  112 
physical  properties  of,  122 
sensibility  of,  123 
sheath  of,  108 

Muscularis  mucosa1,  208,  355,  359,  373 

Musculi  papillares,  247,  250 
pectinati,  244,  248 

Myeloplaques  (/xve\6s,  marrow  ; plaques), 
92,  105 

Myolemma  (fivs,  a muscle ; Ae^ct,  a 
husk,  or  rind),  1 1 1 

Myosin  (uSs-,  a muscle),  31 
in  muscular  tissue,  122 

IN AILS,  217 

development  of,  219 
growth  of,  219 
matrix  of,  218 
reproduction  of,  219 


N A 1 l.s — continued. 

structure  of,  218 
Nares  (nostrils),  anterior,  664 
posterior,  665 
Nasal  (nasue,  the  nose), 
duct,  588 

Nasmyth’s  membrane,  312 
Nates  (buttocks)  in  cerebrum,  551 
Negro,  cause  of  colour  in  skin  of,  51 
Nerve  or  Nerves,  auditory,  arrange- 
ment of  membranes  on,  145 
. cochlear  division  of,  662 
origin  of,  from  cerebrum,  568 
in  medulla  oblongata,  507, 

510 

vestibular  division  of,  647 
CEREBRO-SPINAL,  General  Anatomy 
of,  125,  140 

branching  and  conjunction  of, 

141 

compound  or  moto-sensory,  160 
construction  of,  140 
development  of,  161 
differences  of,  156 
fibres  of.  Sec  Nerve-fibres. 
lymphatics  of,  14 1 
origins  or  roots  of,  143,  501 
relation  of  sympathetic  to, 
157 

re- union  and  regeneration  of, 
162 

sheath  of,  140 
simple,  161 
terminations  of,  145 
in  end-bulbs,  147 
in  muscle,  153 
in  networks  or  terminal 
plexuses,  146 
in  Pacinian  bodies,  149 
in  tactile  corpuscles  or 
touch-bodies,  148 
vaso-motorial,  161 
vessels  of,  141 
ciliary,  604 

cranial,  development  of,  740,  761 
origins  of,  in  medulla  oblongata, 
5°7.  5io 

from  cerebrum,  565 
facial,  in  embryo,  741 

origin  of,  from  cerebrum,  568 
in  medulla  oblongata,  507, 
5“ 

fifth,  membranes  of,  145 
in  embryo,  741 
origin  of,  567 

of  sensory  portion  of,  514 
fourth,  or  trochlear,  origin  of,  567 
glosso-pharyngeal,  in  embryo,  741 
origin  of,  from  cerebrum,  568 
in  medulla  oblongata,  507, 

511 

hypoglossal,  origin  of,  from  brain, 
'569 

in  medulla  oblongata,  507, 

5io 
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Nerve — continued. 
f Lancisi,  537 

olfactory,  membranes  of,  145 
deop  connections  of,  566 
distribution  of,  671 
structure  of,  in  cranium,  562 
optic,  membranes  of,  145 
deep  connections  of,  567 
distribution  in  retina,  608 
origin  of,  536 

pneumogastric  or  vagus,  in*  embryo, 
742 

origin  from  cerebrum,  569 

front  medulla  oblongata, 

5°7,  5i° 

sixth,  origin  from  cerebrum,  567 

in  medulla  oblongata,  507, 

5" 

spinal,  development  of,  760 

origin  of,  from  spinal  cord,  501 
spinal  accessory,  origin  from  cere- 
brum, 569 

in  medulla  oblongata,  507, 
5io 

sympathetic,  156 

development  of,  761 
relation  to  cerebro-spinal  nerves, 

157 

structure  of,  157 

third  or  oculo  - motor,  origin  of, 

567 

Nerve-cells,  132 

of  cerebellum,  520 
of  cerebrum,  559 
in  ganglia,  137 
connection  with  fibres,  144 
development  of,  16 1 
of  spinal  cord,  497 
Nerve-eminence,  154 
Nerve-fibres,  123 

afferent  or  centripetal,  125,  160 
connection  with  cells,  144 
development  of,  161 
efferent  or  centrifugal,  125,  160 
grey,  non-medullated,  or  gelatinous, 

white  or  medullated,  126 
axis-cylinder  of,  127,  12S 
course  of,  13 1 
sheaths  of,  128 
varicose,  130 
white  substance  of,  128 
arrangement  and  terminations  of 
NccNerves,  Cerebro-spinal  ; 
and  Nervous  substance. 
Nervous  substance,  structural  ele- 
ments of,  126 
of  cerebellum,  518,  520 
of  cerebrum,  553 
chemical  composition  of,  159 
development  of,  161 
functions  of,  125 
of  medulla  oblongata,  509 
of  pons  Varolii,  51 1 
of  spinal  cord,  494,  497 


N ervous  substance — continued. 
of  sympathetic,  156 
vital  properties  of,  160 
Nervous  system,  General  Anatomy  of, 

125 

Descriptive  Anatomy  of  central 
organs  of,  489 

Neurilemma  ( vevpov , a nerve  ; Aefi/xa,  a 
peel  or  skin),  14 1 
peculiarities  of,  145 
of  spinal  cord,  572 
of  sympathetic  nerve,  157 
Neurin  {vevpov,  a nerve),  3,  25,  159 
Neuroglia  (reCooe,  a nerve ; y\la,  glue), 

136,  497,  559 
Nipple,  486 
Nitrogen  in  blood,  25 
Nitrogenous  and  non-nitrogenous  sub- 
stances, 3 

Nodes  of  Kanvier,  129 
Nodule  ( nodulus , from  nodus,  a knot) 
of  cerebellum,  51S 
Nodulus  Arantii,  252 
Nose,  664 

cartilages  of,  665 
development  of,  739,  772 
fossa;  or  cavities  of,  667 
mucous  membrane  of,  668 
olfactory  region  of,  669 
Notochord  (vutos,  the  back  : xoP^h  a 
string),  692,  726 

Nuclei  ( nucleus , a kernel)  of  blood-cor- 
puscles, 22 
of  cartilage-cells,  72 
of  cells,  7,  8,  10 

of  colourless  blood-corpuscles,  23 
of  connective  tissue-corpuscles,  57 
division  of,  14 
of  epithelial  cells,  45 
of  fat-cells,  60 

of  nerves  in  medulla  oblongata, 

. 5.10 

in  fourth  ventricle,  513 
Nucleolus  (dim.  of  nucleus),  7,  10 
Nucleus  (kernel)  of  caudatus,  548,  564 
lenticularis,  548,  564 
olivary,  504,  505 
ot  root  ot  fourth  ventricle,  552 
tamueformis  (tape-shaped  nucleus), 

564 

of  tegmentum,  563 
Nutrition  of  textures,  16 

office  of  vessels  in,  17 
relation  to  secretion,  231 
use  of  fat  in,  61 
Nymphse,  457 

development  of,  825 

Odontoblasts(o5oiA,  gen.  oSovtos,  atooth, 
@Aa <tt6s,  a germ),  307,  320 
Odoriferous  matters  in  blood,  32 
(Esophagus  (oho  or  oXcru,  obs.  = <pepu,  I 
bear  ; (payui >,  to  eat),  343  ' 
coats  of,  344 
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(Esophagus— continued. 
glands  of,  345 
_ vessels  and  nerves  of,  346 
Olein  (oleum,  oil),  60 
Olfactory  cells,  670 

raucous  membrane,  669 
nerve,  671 
tract  and  bulb,  536 
grey  matter  of,  562 
_ origin  of,  566 
Olivary  ( oliva , an  olive)  bodies,  504 
development  of,  756 
superior,  514 
fasciculus,  505,  509 
nucleus,  504,  505 
Omenta,  348,  482 

Omentum  (the  caul)  gastro-splenic,  397 
great  or  gastro-colic,  485 
lesser  or  hepato-gastric,  484 
Operculum  (covering  or  lid)  in  cerebrum, 
525,  531 

Opisthotic  (uirioQev,  behind  ; ohs,  gen. 

on6s,  the  ear)  centre,  733 
Optic  commissure,  536 
nerve,  origin  of,  567 
membranes  of,  145 
thalamus,  549 

development  of,  758 
grey  matter  of,  563 
tract,  533 

development  of,  759 
vesicles,  752,  762 
Ora  serrata  (serrated  border),  605 
Organising  force,  5 
Organon  adamantine,  320 
Os  (bone)  cordis,  255 
Os  orbiculare  seu  lenticulare,  636 
tineas  (tench’s  mouth),  463 
uteri  externum,  463 
uteri  internum,  463 
Osseous  tissue,  79.  Sec  Bone. 

Ossicula  auditus,  635 
Ossification,  94 

in  cartilage,  9 7 
in  membrane,  94 

Osteoblasts  (oerreov,  a bone  ; ftAaoros,  a 
germ),  97,  105 

Osteoclasts  (oareov,  a bone ; uAdu,  I 
break),  105 

Osteodentine  (oareoy,  a bone ; dens,  a 
tooth),  324 

Osteogen  (otniou,  a bone  ; -/ewdeo,  I pro- 
duce), 96 

Ostium  of  Fallopian  tube,  471 
uteri,  464 

Otoliths  (oZs,  gen.  ut 6s,  an  ear  ; AiOos,  a 
stone),  651 

Ovaries  (ovum,  an  egg),  471 
. development  of,  479,  816,  826 
ligaments  of,  467,  472 
nerves  of,  480 
situation  of,  471 
structure  of,  472 
vessels  of,  480 
0 vula  Nabothi,  465 


Ovum,  476,  673 

fecundation  of,  675 
formation  of,  478,  816 
incapsulation  of,  in  decidua,  710 
production  of  cells  in,  9 
segmentation  of,  676 
structure  of  unfecundated,  673 
Oxalic  acid,  3 
Oxygen  in  blood,  25 

Pacinian  bodies,  147,  149 
distribution  of,  149 
end  of  nerve-fibres  in,  1 5 1 
function  of,  153 
in  skin,  216 
structure  of,  150 
Palate,  333,  334 
glands  of,  33? 

Palmitin,  60 
Palma;  plica  tic,  464 
Palpebne  (valpcbra,  an  eyelid),  583 
Pancreas  (tt dv,  all ; Kpcas,  flesh),  394 
development  of,  781 
duct  of,  396 
head  and  tail  of,  394 
lesser,  395 
position  of,  347,  395 
size  and  weight  of,  394 
structure  of,  396 
varieties  of,  396 
vessels  and  nerves  of,  396 
Panniculus  adiposus,  59,  213 
Papilla  foliata,  328 

laclirymalis,  583,  587 
Papilke  dental,  314,  317 
of  skin,  215,  216 
of  tongue,  327.  See  Tongue. 
Paradidymis  (napa,  near  ; 8l8u,uos,  testes), 
481 

Paraglobulin,  25,  30,  36 
Parenchymal  (napeyxv.ua>  interstitial  in- 
fusion) tissue,  54 

Parepididymis  (1 rapd,  near  ; epididymis), 
45  L 481 

Parotid  Gland  (napa,  near ; ovs,  gen. 
utos,  the  ear),  335 
accessory,  336 
duct  of,  337 
position  of,  335 
vessels  and  nerves  of,  337 
Parovarium  (trapd,  near ; ovarium,  ovary), 
480,  481 

origin  of,  821,  826 
Pars  ciliaris  retina?.,  605 

intermedia  of  vulva,  459 
Pelvic  cavity,  346 
Penis,  430 

development  of,  812,  825 
form  and  attachments  of, 430 
glans  of,  430 
integument  of,  431 
ligament,  suspenso  ry,  of,  43 
lymphatics  of,  436 
nerves  of,  431,  436 
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Penis — continued. 

vessels  of,  431,  434,  435 
Pepsin  (ireirToj,  1 digest),  3 
Peptic  cells  and  glands,  354 
Pepton  (it fin 01,  I digest),  30 
Perforated  space,  anterior,  536,  563 
posterior,  535,  562 

Pericardium  (iffpl,  about ; icapoia,  the 
heart),  239 
vestigial  fold  of,  242 
Perichondrium  (iff pi,  about  ; 
cartilage),  72 

Perilymph  (irepi,  about ; lympha , water), 
641 

Perilymphangial  (iff  pi,  about ; lymph  ; 

dyyfiov,  a vessel)  nodules,  198 
Perimysium  {iff pi,  around ; ju vs,  a muscle), 
108 

Perinaeum,  development  of,  824 
Perineurium  (iff  pi,  about  ; , vfvpov , a 
nerve),  141 

Periosteum  (irspi,  about;  horkov,  a bone), 91 
Peristaltic  (iffpKrrkWai,  I constrict  or 
narrow)  movement  of  the  intes- 
tines, 358 

Peritoneum  {iff pi,  about  ; rflvu,  I 
stretch),  348,  481 
continuity  of,  traced,  481 
formation  of  folds  of,  778 
Perivascular  canals,  572 
lymphatics,  183 
of  spleen,  401 
Pes  accessorius,  542 
hippocampi,  541 
Peyer’s  glands,  365 
Pharynx  (cpdpvyt),  341 
attachments  of,  342 
development  of,  774 
mucous  membrane  and  glands  of, 
343 

Physical  properties  of  tissues,  2.  Sec 
also  under  each  tissue. 

Pia  mater,  571 
Pigment,  3,  51 

chemical  composition  of,  52 
deposition  of  in  cells,  1 1 
use  of,  52 

Pigment-cells,  movements  in,  12 
Pigment-molecules,  movements  of,  5 1 
Pineal  body  or  gland,  549 
development  of,  757 
Pinna  (a  feather),  626 
development  of,  772 
ligaments  of,  628 
muscles  of,  629 
nerves  and  vessels  of,  630 
structure  of,  628 
Pit  of  the  stomach,  347,  350 
Pituitary  (pituita,  phlegm  or  mucus) 
body,  535 

development  of,  734 
membrane  of  nose,  668 
Placenta  (ttKclkovs,  gen.  tt\cikovvtos,  a flat 
cake),  710 
circulation  in,  719 


Placenta — continued. 
separation  of,  724 
structure  of,  718,  723 
Placentation,  710 

Plasma  (ifXdcrtrw,  I form)  of  blood,  19, 
24,  88 
salts  in,  32 
of  chyle,  39 
of  lymph,  38 

Plastic  (ir\dcrooi,  I form)  force,  5 
changes  in  cells,  1 1 

Plates,  suberauial,  facial,  or  pharyngeal, 
in  embryo,  738 

Pleura  (ifXfvpd,  a rib  or  side),  268 
development  of,  783 
nerves  of,  894 
structure  of,  269 
Pleuro-peritoneal  cavity,  685 
Plexus,  choroid.  Sec  Choroid  Plexus. 
Plexus  of  absorbent  vessels,  1 83 
interlaminar,  367 
of  nerves,  142 

Auerbach’s,  368 
Meissner’s,  368 

myentericus  (yDy,  muscle  ; 

kvTfpov,  intestine),  368 
tympanic,  640 
of  veins,  luemorrhoidal,  379 

pampiniform  {pampinus,  a ten- 
dril : forma,  shape),  454 
vaginal,  462 

Plica  gubernatrix  (guiding  fold),  825, 
826 

semilunaris  (semilunar  fold)  of  eye- 
lid, 583 

Plica:  semilunares,  481 

Pomum  Adami  (Adam’s  apple),  280,  294 

Pons  hepatis,  382 

Pons  Varolii  (bridge  of  Varolius),  502, 

511 

development  of,  756 
grey  matter  of,  512 
Portal  canals,  3S8 

fissure  of  liver,  382 
vein,  384,  38S 
Portio  dura,  568 
mollis,  145,  568 
Torus  opticus  (optic  pore),  607 
l’ostoral  (jeost,  behind  : os,  the  mouth) 
pharyngeal  visceral  plates,  739 
Premolar  teeth,  303 

Preoral  (pree,  before:  os,  the  mouth) 
pharyngeal  visceral  plates,  738 
Prepuce  (preeputium,  foreskin),  431 
development  of,  825 

Primordial  ( primtis , first : ordior,  I 
begin)  kidney,  805 
vertebra,  720 

Procerebrum  (pro,  fore  ; cerebrum,  the 
brain),  753 

Process,  external  nasal  in  embryo,  739 
superior  maxillary,  739 
vermiform,  515 

Processus  a cerebello  ad  cerebrum,  551, 
552,  556 
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Processus — continued. 

ft  cerebello  ail  testes,  516 
arciformes,  506 
brevis  vel  obtusus,  636 

cuneatus  (wedge-shaped  process), 
509 

gracilis,  636 
lenticularis,  636 
_ vaginalis  peritonei,  442,  823 
Projection- systems  of  Meynert,  565 
Promontory  of  tympanum,  633 
1 rodtic  (ir pb,  before  : o 5 s,  gen.  uirds,  the 
ear)  centre,  733 

Prosencephalon  (ir pis,  before  ; iyic4<pa\ov, 
the  brain),  753,  755 

i KO. state  (n p6,  before  j laTti/ju,  I place) 
GCAND,  427 
anterior,  440 
development  of,  814,  826 
fluid  of,  430 
levator  muscle  of,  429 
position  and  characters  of,  427 
structure  of,  429 
vesicle  of,  438 
vessels  and  nerves  of,  430 
Protagon  (irpuiros,  first ; &yw,  I lead),  3,  25 
in  nerve-tissue,  159 
Proteids  ( protein  ; elSos,  form),  33 
Protein  (irpuros,  first)  bodies,  30 
Protoplasm  (■ Kpuros , first ; 7rAd<r<ro>,  I 
form)  of  animal  cells,  10,  15 
contractility  of,  12 
of  vegetable  cells,  7 
Protoplast,  8,  15 

Protovertebraj  (irpuros,  first  ; vertebra), 
693 

segmentation  of,  728 
Proximate  constituents  of  the  body,  3 
Pseudostomata  (\f/ev5 ns,  false  ; <n 6/u.a,  a 
mouth),  198 

Pterygo-palatine  plates,  789 
Pulmonary  artery.  See  Artery. 
veins.  See  Veins. 
vesicles,  275 
Pulvinar,  549 

Punctum  lachrymale,  583,  5S7 
Pupil  of  eye,  601,  602 
Pupillary  membrane,  603,  768 
Purkinje,  cells  of,  521 
Pyloric  glands,  354 

Pylorus  (nvAuipds,  a gate-keeper),  349, 
356 

Pyramid  in  cerebellum,  518 
of  thyroid  body,  295 
in  tympanum,  634 

Pyramids  of  medulla  oblongata,  anterior, 

5°4 

development  of,  756 
posterior,  505 
of  kidney,  Ferrein’s,  406 
Malpighi’s,  403 

Eacemo.sk  ( raccmus , a cluster  of  grapes) 

. glands,  234 
Eanvier’s  nodes,  129 


Eaphc  (pcifri,  a seam  ; from  I sew) 

of  corpus  callosum,  537 
of  medulla  oblongata,  306,  310 
pons  Varolii,  512 
scrotum,  441 
tongue,  326 

Recto-uterine  folds,  467 
Eecto-vesical  folds,  422 
pouch,  421,  481 

Rectum  (■ intestinim  rectum,  the  straight 
intestine),  376 
mucous  membrane  of,  379 
position  and  course  of,  377 
structure  of,  378 
vessels  and  nerves  of,  379 
Regeneration  of  textures,  16.  See  also 
the  various  tissues. 

Reissner’s  membrane,  656 
Renes  succenturiati,  413 
Reproductive  organs,  female,  456 
male,  427 

development  of,  699,  814 
Respiration,  organs  of,  263 
Restiform  ( restis , a cord  ; forma,  shape) 
bodies,  505 
development  of,  756 
Rate  mirabile,  166 
mucosum,  212 
vasculosum  testis,  448 
Reticular  tissue,  53,  69 
Reticulum  (dim.  of  rcte,  a net)  of  nervous 
tissue,  69,  136 
Retina  (rcte,  a net),  605 
ciliary  part  of,  617 
development  of,  763,  763 
layers  of,  608 

bacillary,  612 
ganglionic,  608 
molecular,  inner,  609 
outer,  610 
of  nerve-fibres,  608 
nuclear,  inner,  609 
outer,  61 1 
pigmentary,  615 
of  rods  and  cones,  612 
microscopic  structure  of,  607 
sustentacular  tissue  of,  615 
vessels  of,  618 

Retinacula  (restraining  bands)  of  ileo- 
c fecal  valve,  375 
Rigor  mortis,  125 

Rima  (cleft)  of  glottidis,  285,  2S6,  2S8 
of  pudendum,  456 
Rods  of  Corti  in  ear,  658 
of  retina,  727 
Root-sheath  of  hair,  222 
Rosenmuller,  organ  of,  481,  826 
Rostrum  (a  beak)  of  corpus  callosum,  538 
Rugfe  (wrinkles)  of  mucous  membrane. 
205 

of  stomach,  353 
vagina,  460 

Saccular  ( sacculus , a little  bag)  glands, 
234 
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Saccule  of  vestibule,  646 
Sacculi  of  larynx,  287 
Sacculus,  vesical,  425 
Salivary  cells,  339 
Salivary  glands,  335 
structure  of,  339 
vessels  and  nerves  of,  341 
Salivin,  3 
Salts  of  blood,  32 

in  muscular  tissue,  122 
in  nerve-tissue,  160 
Santorini,  cartilages  of,  282 
Sarcolemma  (o-ap£,  flesh  ; Ae/yuct,  a husk), 

ill 

Sarkin,  3,  31 

in  muscle,  122 

Satellite  ( satellcs , an  attendant)  veins, 
172 

Scalte  (scala,  a stair),  of  cochlea,  643, 
644 

Scarf-skin,  21 1 
Schneiderian  membrane,  668 
Schreger’s  lines,  308 
Sclerotic  ( ffn\rip6s , hard)  coat,  589 
development  of,  767 
structure  of,  591 

Scrobiculus  (a  small  pit)  cordis,  347,  350 
Scrotum  (a  hide),  441 
development  of,  825 
Sebaceous  {sebum,  suet)  glands,  229 
Secreting  apparatus,  233 
cells,  232 
fringes,  233 
glands,  231 
membrane,  233 

Secretion  ( scccrno , I separate),  231 
cell-agency  in,  232 
Segmentation  of  protovertebrae,  72S 
of  yelk  or  germ,  9,  676 
partial,  681 
secondary,  681 

Semen,  454 

Semicircular  canals,  641 
membranous,  646 
Semilunar  valves,  248,  251 
Seminal  granules,  4^4 
ducts,  454 
tubes,  447 
vesicles,  451 

Semipenniform  muscles,  109 
Sense,  muscular,  123 
Senses,  organs  of,  583 
development  of,  695 
Sensibility,  6 

Sensory  terminal  organs,  147 
Septula  renum,  404 

Septum  (a  partition,  from  sepio,  I hedge 
in)  of  heart,  244,  246.  See  Heart. 
lucidum,  540,  543 
of  medulla  oblongata,  506 
nasi,  665 

pectiniforme  (comb-like  partition) 
432 

of  pons  Varolii,  512 
postieum  of  spinal  cord,  574 


Septum — continued . 
scroti,  442 
of  tongue,  333 

transversum  of  semicircular  canals, 
647,  649 
Serosity,  30 

Serous  membranes,  General  Anatomy 
of,  196 

apertures  in,  198 
epithelioid  lining  of,  197 
fluid  of,  199 

form  and  arrangement  of,  196 
inflammation  of,  200 
lymphatics  opening  on,  180 
lymphatics  of,  198 
nerves  of,  199 
reparation  of,  200 
structure  and  properties  of,  197 
vessels  of,  198 
Serum  of  blood,  19,  30 
of  chyle,  39 
lymph,  38 

Sesamoid  fibro-cartilages,  79 
Sigmoid  ( 6 , a form  of  the  letter  a'l-ypa  ; 
eJSus,  shape)  flexure  of  colon,  376 
valves,  aortic,  251 
pulmonary,  248 

Sinus  (a  hollow)  circularis  iridis,  595 
coronary,  of  heart,  246 
pocularis  (cup-like  sinus),  438 
prostatic,  438 
uro-genital,  Sir 
venosus,  244,  248 
of  vestibule,  645 
Sinuses  of  veins,  174 
of  Valsalva,  252 
Skeleton,  development  of,  725 
Skin,  General  Anatomy  of,  211 

chemical  composition  of,  213,  217 
functions  of,  230 
glands  of,  226 
filaments,  454 
lymphatics  of,  216 
Malpighian  layer  of,  212 
nerves  of,  156 
reproduction  of,  230 
vessels  of,  216 
vital  properties  of,  230 
Smegma  pneputii,  955 
Somato-pleural  {awpa,  a body;  n\eupd 
side)  elements,  685,  693 
Solitary  glands,  210 

of  small  intestine,  364 
Space,  perforated,  anterior,  539 
posterior,  536 

Spectrum  analysis  of  blood,  27 
Spermatic  cells,  447 
Spermatic  cord,  coverings  of,  441 

vessels  and  nerves 

of,  444 

structure  of,  440 
Spermatic  fascia,  442 
filaments,  454 

Spermatoblast  (<rn ePfm,  seed  ; £A aar6s  a 
germ),  Si 5 
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Spermatozoa  [crntpua,  seed  ; (coop,  an 
animal),  454 

Sphincter  (acpiyycc,  1 bind)  of  anus, 
internal,  380 
of  bladder,  425 
of  larynx,  293 
of  pupil,  602 
vaginae,  461 
vesicae,  425 

SriNA.L  cord,  Descriptive  Anatomy  of, 
489 

central  canal  of,  496,  500 
ligament  of,  492 
columns  of,  494 
commissures  of,  493,  496,  500 
connective  tissue  of,  497 
development  of,  746 
fibres  of,  509 
enlargement  in,  491 
external  form  of,  489 
fissures  of,  492 
grey  matter  of,  496,  497 
internal  structure  of,  494 
ligaments  of,  4S9 
membranes  of,  489,  570,  572 
minute  structure  of,  497 
origin  of  nerves  from,  501 
size  of,  491 

terminal  filament  of,  489,  492, 

5°o 

white  substance  of,  495,  497 
Splanchno- pleural  (ffTrkdyxva,  entrails  ; 

Trkevpd,  a side)  elements,  685,  693 
Spleen  {<nr\^v),  397 
accessory,  398 
blood-vessels  of,  399 
coats  of,  398 
corpuscles  of,  399 
development  of,  782 
hilus  or  fissure  of,  397 
lymphatics  of,  401 
nerves  of,  401 
position  of,  348,  397 
pulp  of,  399 
size  and  weight  of,  397 
structure  of,  398 
Splenculi  (little  spleens),  398 
Splenic  artery,  399 

flexure  of  colon,  376 
Stapes  (a  stirrup),  636 
Stearin  (c rrtap,  tallow),  60 
Stellulae  of  Verheyen,  412 
Stenson’s  duct,  337 
Stigma  in  ovary,  474 
Stomach,  349 

areolar  coat  of,  352 

changes  in  colour,  after  death,  352 

connections  of,  349 

development  of,  776 

dimensions  of,  349 

epithelium  of,  353 

fundus  of,  349 

glands  of,  353,  354 

lymphatics  of,  356 

lymphoid  accumulations  in,  355 


Stomach—  continued. 

mucous  membrane  of,  352 
muscular  coat  of,  350 
nerves  of,  356 
I>osition  of,  347,  349 
pylorus,  349,  356 
rugae  of,  353 
shape  of,  -349 
structure  of,  350 
tubules  of,  353 
vessels  of,  353 

Stomata  (< ttS/xu,  a mouth),  in  serous 
membranes,  189,  198 
Stria  terminalis,  549 
Striae  longitudinal es,  537 
medullares,  506 

Stroma  (o-rpwga,  a bed),  of  lymphatic 
glands,  193 

intertubular,  of  kidney,  413 
of  ovaries,  473 
of  suprarenal  bodies,  415 
Structural  elements  of  the  body,  2 
Subarachnoid  space,  573 
Subcranial  or  pharyngeal  arches,  738 
Subhyoid  or  cervical  arch,  740 
Sublingual  gland,  333,  338 
Sublobular  veins  of  liver,  387 
Submaxillary  gland,  335,  337 
Submucous  tissue,  53,  205 
Subserous  tissue,  53,  197,  273 
Substantia  cinerea  gelatinosa,  496,  498 
Sudoriferous  glands,  226 
contents  of,  228 
development  of,  228 
Sugar  in  blood,  32 
in  human  body,  3 
in  muscle,  1 22 
Sulci  (furrows)  in  brain,  523 
Sulcus,  auriculo-ventricular,  243,  255 
Suprarenal  Bodies  or  Capsules, 
4i3 

accessor}'-,  416 
cortical  part  of,  415 
development  of,  813 
fibrous  investment  of,  415 
forms  and  position  of,  413 
function  of,  417 
lymphatics  of,  416 
medullary  part  of,  415 
nerves  of,  416 
size  and  weight  of,  414 
structure  of,  414 
vessels  of,  416 

Sustentaculum  lienis  (support  of  the 
spleen),  376 
Sweat-glands,  226 

Sympathetic  nerve.  See  Nerve,  Sympa- 
thetic. 

Synovia,  204 
Synovial  bursae,  201 
capsules,  200 
folds  or  fringes,  200 
membranes,  200 

development  of,  204 
nerves  of,  204 
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Synovial  membranes,  structure  of,  202 
vessels  of,  203 
sheaths,  201 

Syntonin  (avv,  together;  reiyco,  I stretch), 

in  muscle,  12 1 
Systems,  organic,  1 

Tactile  ( tactus , touch)  corpuscles,  147, 
14S 

papilla1,  216 
sensibility,  230 

Taenia  (t cuvia,  a band  or  ribbon)  hippo- 
campi, 542,  544 
semicircularis,  541,  549 
Tapetum  (a  carpet),  556 
Tarsal  ( tarsus , the  cartilage  supporting 
the  eye)  cartilages,  584 
Taste-buds  in  tongue,  328 
Tectorial  membrane,  658,  661 
Teeth,  301 

arrangement  in  jaws,  301 
changes  in  jaw  during  growth  of, 
323 

characters  of,  general,  301 
follicular  stage  of,  315 
formation  of,  313 
hard  tissues  of,  307 
formation  of,  318 
permanent,  302 

calcification  of,  323 
cavities  of  reserve  of,  321,  323 
development  of,  321 
eruption  of,  323 
pulp  of,  306 
sacs  of,  316 
structure,  of,  306 
temporary,  301,  306 
development  of,  313 
eruption  of,  320 
shedding  of,  322 

Tegmentum  of  crura  cerebri,  5155 
Tela  choroidea  (the  choroid  wVb),  545 
Tendons  (retvu,  I stretch),  63 
connection  with  muscles,  115 
Tentorium  (a  tent,  from  tendo.  I stretch) 

_ 571 

Testes  (testicles),  440,  445 
capsule  of,  446 
connective  tissue  of,  237 
coverings  of,  440 
descent  of,  823 
development  of,  815 
excretory  duct  of,  450 
secretion  of,  455 
situation  and  character  01,445 
structure  of,  445 
minute,  447 
(in  cerebrum),  551 
muliebres,  471 
Textures  in  general,  1 

chemical  composition  of,  3 
development  of,  6 
enumeration  of,  1 


Textures — continued. 

nutrition  and  regeneration  of,  16 
physical  properties  of,  2 
vital  properties  of,  4 
Thalamus  opticus  (optic  couch).  &W 
Optic  thalamus 

I halam encephalon  (thalamus ; eyntipaKov , 
the  brain),  751,  753,  755 
parts  formed  from,  757 
Theca  (sheath)  of  spinal  cord,  489,  570 
I Thoracic  duct,  37,  190 
viscera,  239 
Thymus  Gland,  297 

development  and  growth  of,  299, 
7S2 

lobes  of,  298 
lymphatics  of,  299 
position  of,  297 
structure  of,  298 
vessels  and  nerves  of,  299 
Tliyro-hyoid  arch,  740 
membrane,  2S3 

Thyroid  (Oupeds,  a shield  ; elSos,  shape) 
BODY  OF  GLAND,  295 
development  of,  297,  782 
fluid  of,  296 
lobes  of,  295 

pathological  changes  in,  297 
structure  of,  296 
vessels  and  nerves  of,  297 
Thyroid  cartilage,  280 
Tomentum  (Hock  of  wool,  hair,  &c. ) cere- 
bri,  572 

lOXGUE,  325 

dorsum  of,  326 
fraenum  of,  325 
glands  of,  330 
mucous  membrane  of,  325 
muscles  of,  331 
nerves  of,  333 

papillae  of,  circum vallate,  327 
conical  and  filiform,  329 
fungiform,  327,  329 
secondary,  329 
raphe  of,  326 
septum  of,  333 
vessels  of,  333 

Tonicity  {rdvos,  tension)  of  arteries,  1 7 1 
tonsils,  335 
Touch-bodies,  14S 

Tiabecuke  (dim.  from  trabs,  a beam)  of 
corpus  cavemosum,  442 
cranii,  738 

ol  lymphatic  glands,  193 
of  spleen,  39S 

Trabs  cerebri  (corpus  callosum),  537 
Trachea  (arleria  trachea,  the  lough 
artery ; rpaxvs,  rough),  263 
cartilages  of,  266 
changes  in,  after-birth,  272 
development  of,  782 
elastic  tissue  of,  267 
glands  of,  267 
mucous  membrane  of,  267 
muscular  fibres  of,  266 

3 1 
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Trachea — continued. 
situation  of,  263 
structure  of,  266 
vessels  and  nerves  of,  267 
Tract,  olfactory.  Sec  Olfactory. 

optic.  See  Optic. 

Tractus  intermedio-laternlis,  499 
spiralis  foraminulentus,  662 
Tragus  (T  pay  os,  a goat),  627 
muscle  of,  629 

Trapezium  in  pons  Varolii,  5 1 1 
Tricuspid  {ires,  three  ; cuspis,  the  point 
of  a weapon)  valve,  247 
Trigone  (triangle,  from  rptTs,  three ; 

70)i 4a,  an  angle)  of  bladder,  423 
Triolein,  60 
Tripalmitin,  60 

Triploblastic  (rpmXios,  triple  ; PAacrros, 
germ)  ovum,  683 
Tristearin,  60 
Tuber  annulare,  51 1 
cineremn,  535 
cochleaj,  633 
olfactorium,  537,  562 
Tubercle,  grey,  of  Rolando,  510 
laminated,  518 
of  Lower,  245 

Tubercula  quadrigemina,  551 
Tuberculum  pharyngeum,  343 
Tubular  glands,  209 
nerve-fibres,  126 
Tubules,  dentinal,  307,  308 
Tubuli  seminiferi,  447 
of  stomach,  353 
uriniferi,  405 

Tunica  adventitia  of  arteries,  1 70 
albuginea  of  testicle,  446 
of  ovary,  472 
cboroidea,  598 
chorio-capillaris,  600 
granulosa  of  Graafian  follicle,  475 
piopria  of  labyrinth,  649 
of  spleen,  398 
Ruyscliiana,  600 
vaginalis,  443 
ocub,  589 

vasculosa  testis,  447 

Tutamina  oculi  (defences  of  the  eye),  ^83 
Tympanum  (ripnavou,  a drum)  or  middle  | 
ear,  631 

development  of,  772 
ligaments  and  muscles  of,  637 
membrane  of,  632 
lining,  639 

vessels  and  nerves  of,  640 
walls  of,  633,  634 
Tyrosin,  3 

in  blood,  32 
Tyson’s  glands,  431 

Umbilical  (umbilicus,  the  navel)  fissure 
of  liver,  382 
region,  347 

contents  of,  348 
vessels,  800 


Urachus  (olpov,  urine  ; tx®,  I hold),  814 
Urea,  3 

in  blood,  31 

Ureters  (ovpiu,  [ pass  urine),  417 
development  of,  813 
orifices  of)  423 
structure  of,  418 
varieties  of,  418 
vessels  and  nerves  of,  418 
Urethra  (ovpnv,  urine),  427 
female,  459 

glands  of,  460 
mucous  membrane  of,  460 
orifice,  457,  459 
male,  436 

bulb  of,  435 
crest  of,  438 
development  of,  825 
fossa  navicularis  of,  439 
glands  and  lacuna  of,  439 
length  of,  436 
mucous  membrane  of,  439 
orifice  of,  external,  439 
internal,  423 

portion  of,  membranous,  438 
bulbous,  439 
prostatic,  436 
spongy,  439 

Uric  acid,  3 

in  blood,  3 1 
in  nerve-tissue,  160 
Urinary  bladder,  419.  See  Bladder. 
organs,  402 

development  of,  699,  804 
vesicle,  704 
Uriniferous  tubes,  405 
development  of,  812 
Utero-gestation,  710 
i Uterus  (womb),  462 

blood-vessels  of,  467 
cavity  of,  464 
cervix,  or  neck,  463 
changes  in,  468 
from  age,  469 
in  gestation,  121,  468,  7 t 1 
in  menstruation,  21 1,  468 
development  of,  819,  826 
fundus  of,  463 
glands  of,  466 

in  formation  of  decidua,  716 
relation  of,  to  placenta,  722 
ligameuts  of,  467 
malformations  of,  470 
mucous  membrane  of,  465 
changes  in,  71 1 
separation  of,  724 
muscular  tissue  of,  464 
nerves  of,  468 

os.  or  mouth  of.  external,  463 
internal,  464 
position  of,  462 
structure  of,  464 

Utricle  (utriculus,  a small  bag)  of  male 
urethra,  438 

of  vestibule  of  the  ear,  645 
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Uvea  (uva,  a cluster  of  grapes),  603 
Uvula  (dim.  of  uva)  of  bladder,  423 
of  cerebellum,  5 1 8 


Vacuoles  in  pale  corpuscles,  23 
Vagi  x a (sheath),  460 

development  of,  819,  826 
glands  of,  461 
orifice  of,  457 
sphincter  of,  461 
vessels  and  nerves  of,  462 
Vagina  cellulosa  (cellular  sheath)  of 
nerves,  141  note 
Vaginal  arteries  of  liver,  390 
synovial  membranes,  201 
veins  of  liver,  389 
Vallecula  of  cerebellum,  516,  51S 
Valve  or  valves  of  Bauhin,  375 
of  foramen  ovale,  789,  799 
of  heart.  See  Heart. 
ileo-ca?cal,  or  ileo-colic,  375 
of  Kerkring,  359 
of  lachrymal  sac  and  canals,  588 
of  lymphatics,  188 
of  Tulpius,  375 
of  veins,  1 74 
ofVieussens,  552 
Valvuhe  conniventes,  205,  359 
Varicose  nerve-fibres,  129,  130 
Vas  aberrans  of  testis,  451,  S22 
deferens,  449,  450 

development  of,  S22,  S26 
spirale  (spiral  vessel),  636 
Vasa  afferentia  and  efferentia  of  lymphatic 
glands,  192 
efferentia  of  testis,  448 

development  of,  823,  826 
lactea,  844 
recta  of  kidney,  412 
of  testis,  448 
vasorum,  arteries,  1 70 
veins,  174 
lymphatics,  176 
vorticosa,  599 
Vascular  glands,  23S 

system,  development  of,  696 
Vaso-motorial  nerves,  161 
Veins,  General  Anatomy  of,  172 
anastomoses  of,  172 
coats  of,  173 
contractility  of,  1 74 
development  of,  796 
distribution  of,  1 72 
formation  of,  163 
peculiarities  of,  1 73 
pulsation  in,  174 
satellite,  172 
structure  of,  1 72 
vital  properties  of,  174 
Veins,  bronchial,  279 

cardiac,  openings  of,  246 
cardinal,  797 
central,  of  liver,  387 
coronary,  of  heart,  246 


V eins — continued. 
of  Galen,  546 
hepatic,  384,  388 
innominate,  development  of,  79S 
interlobular,  388 
intralobular,  317,  38S 
jugular,  primitive,  796,  798 
laryngeal,  294 
omplialo-mesenteric,  796 
portal,  384,  388 
pulmonary,  distribution  of,  278 
opening  of,  248 
renal,  blood  of,  34 
sublobular,  3S7,  388 
umbilical,  S02 

closure  of,  803 
vaginal,  in  liver,  389 
vertebral,  posterior,  797 
Velum  meduliare  anterius,  552 

interpositum  of  brain,  541,  545 
pendulum,  palati  334 
posterior  medullary,  518 
Vena  porta?,  384,  388 
Venae  cavae,  openings  of,  280 
cordis  minima?,  246 
liepaticse  advehentes  and  revelientes, 
726 

Ventricles  ( vcntriculus , dim.  of  venter , a 
belly),  cerebral,  of  Arantius,  506 
fifth,  543 
fourth,  512 

floor  of,  506,  512 
lining  membrane  of,  313 
lateral,  539 

of  septum,  or  Sylvian,  543 
third,  546 

of  heart.  See  Heart. 
of  larynx,  285,  287,  288 
Vermicular  motion  (vcrmiculus,  dim.  of 
vermis,  a worm),  358 
Vertebra?,  formation  of,  692,  725 
primordial,  728 

Verumoutanum  ( reru , ridge),  43S 
Vesica  urinaria,  419.  Sec  Bladder, 
Urinary. 

Vesicula  prostatica,  438 
Vesico-uterine  folds,  467 
V esicula?  seminales,  45 1 

development  of,  822,  826 
Vessels.  See  Arteries,  Capillaries, 
and  Veins 

Vestibule,  aortic,  253 
of  ear,  641 

membranous,  645 
of  vulva,  457 
Vibrissa?,  665 

Villi  (villus,  shaggy  hair),  209 
of  chorion,  709 
of  small  intestine,  359,  360 
Vis  nervosa,  6 
Vital  affinity,  5 

capacity  of  lung,  271 
properties  of  textures,  4.  See  each 
tissue 
Vitality,  4 
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Vitelline  ( vitcllus , yolk)  membrane,  476, 

673 

itellus,  476,  673 

Vitreous  ( vitrum , glass)  body,  619 
development  of,  764,  767 
Vocal  cords,  false,  285,  287 
true,  284,  287 
Voice,  organ  of,  280 
Voluntary  muscles,  108 
Vulva,  456 

erectile  tissue  of,  458 
glands  of,  458 
mucous  membrane  of,  45S 
nerves  of,  459 
vessels  of,  459 

Wharton’s  duct,  337 
jelly,  69 
Windpipe,  263 
Wisdom  tooth,  305 


Wolffian  bodies,  480,  699,  So*,  826 
homologies  of,  809 
origin  of,  806 
duct,  809,  -8g6 
Womb,  462.  See  Uterus. 
Wrisberg,  cartilages  of,  283 

Yellow  cartilage,  72,  78 

fibres  of  areolar  tissue,  55 
tissue,  66 
Yolk,  476,  673 

segmentation  of,  9,  676 
Yolk-sac,  700 

Zona  glnmerulosa,  415 
pectinate,  763 
pellueida,  476,  478,  673 
reticularis,  415 
Zones,  abdominal,  346 
Zonula  of  Zinn,  620 
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